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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.

v

SNA Research Conference Vol. 61 2016
THE PORTER HENEGAR MEMORIAL AWARD
for
HORTICULTURAL RESEARCH
John Lea-Cox
The Southern Nursery Association honored Dr. John
Lea-Cox with the Porter Henegar Memorial Award
during the 61st 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.
Dr. John Lea-Cox is Professor and Nursery Research and Extension Specialist at
the University of Maryland, College Park where he teaches courses in Principles
of Water and Nutrient Management, Greenhouse Crop Production and coteaches Senior Capstone and Sustainable Seminar courses.
His research and extension programs are focused primarily on increasing the
efficiency of water and nutrient applications in the nursery and greenhouse
industries. He leads the water and nutrient management extension program for
ornamental production in Maryland, with one other colleague. To date, this
program has trained over 130 professionals and growers who have written over
350 water and nutrient management plans for nursery and greenhouse
operations.
John currently leads a national $5.16M USDA-NIFA specialty crops project,
which is developing advanced sensor-based networks for decision-based
irrigation and nutrient management in nursery and greenhouse systems. During
his career, John has established or co-established five major research and
extension programs, co-authored one book and five book chapters, published 24
peer-reviewed journal articles, 32 national and international conference papers,
and more than 60 society, trade or extension articles. He has been invited to
speak at more than 50 International and national conferences, and has given
more than 300 other national, regional presentations and workshops.
John received the SNA Environmental Award in 2013 for his work in the
development of advanced sensor-based wireless networks for decision-based
irrigation and nutrient management.
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The Bryson L. James
Student Research Competition
2016 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.

5. The paper must follow the guidelines for
format and subject matter as stated in the
Call For Titles for the SNA Research
Conference.

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.

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.

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.

6. Student and advisor should be listed as
co-authors.

8. Judging shall be based on preparation of
the paper (50 points) and oral
presentation (100 points) for a total of 150
points.

2016 Bryson L. James Student Competition Award Winners
B.S. Candidates
1. Avery Lamb

Auburn University

M.S. Candidates
1. David Gianino
2. M. Terri Williams
3. Zhitong Li

University of Georgia
North Carolina State University
University of Georgia

Ph.D. Candidates
1. Shuyang Zhen
2. Geoffrey Weaver
3. Nastaran Basiri Jahromi

University of Georgia
University of Georgia
University of Tennessee
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Induction of Tetraploid Hibiscus moscheutos through Soaking of Seedlings
Zhitong Li and John M. Ruter
1111 Miller Plant Sciences Building, Athens, Georgia 30602
ruter@uga.edu
Index Words Polyploid, chemical soaking
Significance to Industry As a widely favored ornamental plant, hibiscus has been bred
for a series of cultivars on the market. Varieties with compact form and reduced fertility
would be popular for gardens and private yards for their convenience in landscape design
and reduced production of fruits. Polyploidization could yield plants with reduced height
and fertility [2]. Inducing polyploids was attempted to enhance plant compactness and
potential morphological characteristics of native hardy hibiscus and to simultaneously
redistribute the energy from producing seeds to constant blooming.
Nature of Work Hibiscus moscheutos (2n=2x=38) is an herbaceous plant native to
wetland areas in the eastern United States [3, 6]. It has long been bred for its large and
showy flowers during summertime, but in recent years interest has been raised for its
compactness and reduced fertility for the purpose of cultivar improvement. We attempted
to further improve morphological characteristics of hibiscus through polyploidy induction,
with the possibility that tetraploids would be superior to the original diploids [1, 5]. In this
research project, we seek to determine an optimal method to induce tetraploid hardy
hibiscus via soaking germinated seedlings in mitosis-inhibiting chemicals.
A popular inbred cultivar Hibiscus moscheutos cultivar ‘Luna Red’ was used in this
experiment. Pre-scarified seeds geminated, and were ready for treatment after reaching
‘cotyledon stage’ [2] when cotyledons were fully expanded and the first true leaf was not
fully formed.
The experiment was designed in a three-way factorial linear model with two doubling
agents, three chemical concentrations, and three incubation periods. Colchicine and
Surflan® (oryzalin 40.4%) suspension were used to treat the seedlings. A control group
was added with a water soaking treatment. After chemical soaking, seedlings were rinsed
thoroughly under water to remove any residue.
Seedlings were immediately relocated to the greenhouse and sown in Pro-Mix® potting soil
in flats. Divided by per replicate group, containers of seedlings were placed in a
randomized complete block design.
Seedling survival was evaluated after eight weeks of growth. A ploidy level analysis took
place after treated seedlings started developing regular leaves but before setting flower
buds. Ploidy levels were analyzed via flow cytometry. By comparing putative plants with a
known diploid control plant, diploid, mixaploid or tetraploid plants were determined.
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Under greenhouse and field conditions, diploid and tetraploid plants were evaluated and
compared on morphological characteristics such as flower diameter, flower redness, leaf
thickness and leaf stomata size.
Results and Discussion Growth of treated seedlings was expected to stagnate during
early growing stages [4]. When seedlings were planted in the greenhouse after treatment,
plants in the control group started shoot and root growth quickly while treated plants
remained stunted. After 4-6 weeks, some seedlings started regenerating shoots while
some seedlings started showing signs of necrosis. Colchicine-treated seedlings died back
after moderate growth due to a rupture at the base of stems from colchicine shock, while
oryzalin treated seedlings showed no growth and gradually became necrotic (Figure 1).
Both colchicine and oryzalin proved effective at inducing tetraploids from diploid seedlings,
considering the overall efficiency combing survival rate and tetraploid conversion
performances (Table 1, Table 2). Colchicine contributed higher survival percentage than
oryzalin, and it also induced a higher percentage of tetraploids (Table 1, Table 2).
Colchicine was most effective at 0.025% colchicine solution soaking for 24 h, producing
35.5% tetraploids with a survival rate of 48.8% (Table 1). Though some other treatment
groups yielded higher rates of survival, our ultimate goal was to maximize the probability of
obtaining surviving tetraploids.
In oryzalin treatments, both concentration (p<0.01) and treatment period (p<0.03) were
significant with an interaction effect (p<0.03) (Table 2). Seedlings treated for longer
periods of time had a tetraploid conversion percentage lower than 1%, along with low rates
of survival. Seedlings treated for six hours yielded tetraploids in a range between 24.8%
and 33.4% (Table 2).
On each plant identified as a tetraploid, ten samples were taken for assessment of
morphological characteristics and comparison to diploid plants. Results of a two-sample ttest indicated tetraploid leaves were significantly thicker than diploids, with an increase of
24.8% (Table 3). Tetraploid leaves also have an almost leathery texture while diploid
leaves are much finer. Tetraploid plants had larger leaf stomata size (p=0.01), while there
was no significant difference with diploid plants for flower diameter and flower anthocyanin
content (Table 3).
Overall, tetraploid hardy hibiscus were successfully obtained through soaking germinated
seedlings in colchicine and oryzalin. Exposure to low concentrations of colchicine solution
for a longer time or to a medium concentration of oryzalin for a short period were
considered to be efficient in yielding a high number of tetraploids with a low rate of
mortality. The study indicated an increase on leaf thickness and stomata size between
tetraploid and diploid hardy hibiscus, and irrelevance of ploidy level on flower diameter and
redness. More foliage, floral and fruit data will be recorded this summer for a full
estimation of tetraploid hibiscus performance.
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Figure 1. Representative dying plants after treatment with chemicals. Two seedlings on
the left were colchicine treated with swelling stems at the base, and three seedlings on the
right were oryzalin treated with wilting roots.
Table 1. (Survival rate, tetraploid conversion rate) of colchicine treated plants.
Conc. \ Time

6 hours

12 hours

24 hours

0.025%

(70.9%, 30.4%)

(64.0%, 32.1%)

(48.8%, 35.5%)

0.050%

(65.7%, 27.2%)

(58.7%, 28.6%)

(43.8%, 31.5%)

0.100%

(54.4%, 21.5%)

(47.5%, 22.5%)

(34.3%, 24.4%)
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Table 2. (Survival rate, tetraploid conversion rate) of oryzalin treated plants.
Conc. \ Time

6 hours

12 hours

24 hours

100 uM

(52.2%, 33.4%)

(7.9%, 1.0%)

(2.4%, 0.3%)

125 uM

(59.2%, 30.4%)

(10.2%, 0.8%)

(3.1%, 0.3%)

150 uM

(48.6%, 24.8%)

(6.9%, 0.2%)

(2.0%, 0.4%)

Table 3. Comparison of morphological characteristics between tetraploid and diploid
hardy hibiscus plants.
Tetraploid Increase
Significance
or Decrease
Leaf Thickness
+ 24.8%
***
Leaf Stomata Size
+ 30.9%
*
Flower Diameter
- 3.9%
NS
Flower Anthocyanin
+ 5.6%
NS
Content Index
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Production of Polyploid Hydrangea macrophylla via Unreduced Gametes
Lisa Alexander
USDA/ARS, U.S. National Arboretum, Floral and Nursery Plants Research Unit
Otis L. Floyd Nursery Research Center
472 Cadillac Lane, McMinnville, TN 37110
Lisa.Alexander@ars.usda.gov
Index Words Ornamental breeding
Significance to Industry Hydrangea macrophylla is one of the most economically
important nursery crops in the U.S, with sales of Hydrangea species topping $120,000,000
in 20141. Hydrangea varieties with resistance to pests, disease, and drought would
significantly reduce the environmental and budgetary footprint associated with Hydrangea
production. In an effort to improve these traits, we have produced diploid, triploid, and a
putative tetraploid H. macrophylla from controlled crossed of diploid parents. Triploid H.
macrophylla plants were significantly more compact with thicker stems, darker foliage, and
larger leaves than diploid plants. We established a link between ploidy and stomate size,
showing that triploids have significantly fewer, larger stomata than diploids or tetraploids
while the putative tetraploid has more, smaller stomata per leaf area. As in other species,
changes in plant form and stomatal density may lead to increased disease and drought
resistance in Hydrangea. These results have wide-ranging impacts on Hydrangea
breeding improvement such as the ability to create a “bridge” for breeding cultivars and
species of differing ploidy levels, and the ability to change the ploidy level of popular
cultivars. Superior plants from this population will be released as cultivars that will provide
nursery growers an effective way to reduce time, cost, and environmental impact of
production.
Nature of Work Polyploidy – also known as whole genome duplication – has long been
associated with changes to ornamental traits in plants. Increasing the number of
chromosome sets in plant cells often leads to thicker stems and leaves, a deeper green
foliage color, wider leaves, larger and more textured flowers, a longer flowering period,
more compact growth habit, and increased resistance to diseases and environmental
stress2,3. Some effects of changing ploidy level from two sets of chromosomes (i.e.,
diploid or 2n) to four sets of chromosomes (tetraploid or 4n) in woody ornamental species
include darker green, thicker leaves and increased number of petals per flower in Rosa4,
thicker leaves and larger, more persistent flowers in Magnolia5, and compact size in
Buddleia6.
Pollen and egg cells of diploid plants normally contain a single set of chromosomes that
unite at fertilization to restore the 2n chromosome number. Problems during meiosis,
however, may lead to some pollen or egg cells that contain no chromosomes and some
that contain two sets of chromosomes7. Pollen or egg cells that contain a double set of
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chromosomes are termed “unreduced gametes”. The presence of large pollen grains is
often used as an indicator of unreduced gamete formation, and offspring of various ploidy
levels may be recovered when one parent in a controlled cross produces a substantial
proportion of unreduced gametes7. For example, a large, unreduced pollen cell (2n) and
a normal egg cell (n) may combine to produce a triploid (3n) offspring. An examination of
the frequency distribution of pollen grain size in H. macrophylla revealed a single cultivar,
‘Trophee’, with a significant portion of large pollen grains8.
All H. macrophylla cultivars tested to date are diploid (2n=2x=36) or triploid (2n=3x=54)8, 9,
10, 11
. Several desirable traits seem to be associated with triploidy in H. macrophylla
including dark green foliage, strong stems and sturdy inflorescences8. However, the
influence of ploidy level on these traits is difficult to determine due to genetic differences
between cultivars, and there are no reports on the influence of ploidy on ornamental traits
in closely related individuals. In order to produce ploidy variation in a closely related group
of plants, we used the diploid H. macrophylla cultivar ‘Trophee’ as a parent in a series of
crosses with other diploid H. macrophylla cultivars. The objective of this study was to
evaluate reciprocal full-sibling H. macrophylla families for ploidy and ornamental traits,
determine the impact of ploidy on ornamental traits, and determine the efficacy of
unreduced gamete breeding for producing genomic and phenotypic variation. Results will
determine the effectiveness of introducing polyploidy into other favorable Hydrangea
species and cultivars and provide germplasm for further species improvement.
Controlled pollinations in 2010 produced a series of five reciprocal Hydrangea macrophylla
full-sibling families. The H. macrophylla varieties ‘Princess Juliana’, ‘Trophee’, and
‘Zaunkoenig’ were used in the following crosses: ‘Princess Juliana’ x ‘Trophee’, ‘Trophee’
x ‘Princess Juliana’, ‘Princess Juliana’ x ‘Zaunkoenig’ ‘Zaunkoenig’ x ‘Princess Juliana’,
and ‘Trophee’ x ‘Zaunkoenig’ (Table 1). Plants were grown in 3 gallon containers under
60% shade and micro-irrigated using spray stakes. Growing media consisted of pine bark
amended with 6.6 kg·m-3 19N-2.1P-7.4K Osmocote Pro fertilizer (Scotts-Sierra
Horticultural Products Co., Maryville, Ohio), 0.6 kg·m-3 Micromax (Scotts-Sierra
Horticultural Products Co.), 0.6 kg·m-3 iron sulfate, and 0.2 kg·m-3 Epsom salts.
Flow cytometry
Ploidy levels were determined using young, fully expanded leaves from five H.
macrophylla full-sibling families (n = 112 plants). Approximately 0.5 cm2 of growing leaf
tissue of sample and standard were chopped for 30 to 60 s in a plastic petri dish
containing 0.4 mL extraction buffer (Partec CyStain ultraviolet precise P Nuclei Extraction
Buffer; Partec GMBH Muenster, Germany). The resulting extract was passed through a
30-mL filter into a 3.5-mL plastic tube to which was added 1.6 mL Partec CyStain
ultraviolet precise P Staining Buffer containing the fluorochrome DAPI. The relative
fluorescence of the total DNA was measured for each nucleus using a Partec PA-1 ploidy
analyzer (Partec GMBH, Muenster, Germany). Results were displayed as histograms
showing the number of nuclei grouped in peaks of relative fluorescence intensity. For
each sample, at least 3000 nuclei were analyzed revealing a single peak with a coefficient
of variation (CV) less than 4.9%. The peak of fluorescence intensity for the diploid parents
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was set to 50; thus, peaks of fluorescence intensity representing nuclei from full-sibling
offspring were expected at 50 (diploid) or 75 (triploid). Genome sizes were calculated as
nuclear DNA content for unreduced tissue (2C) as: 2C DNA content of tissue = (mean
fluorescence value of sample ÷ mean fluorescence value of standard) × 2C DNA content
of standard. Pisum sativum L. ‘Citrad’ with a 2C content of 9.09 pg was used as the
internal standard12. Ploidy and genome sizes are the averages of two subsamples per
plant.
Stomata counts
The top-most fully expanded healthy leaf from each plant in three full-sibling H.
macrophylla families (n = 85 plants) was collected between September 14 and 18, 2015.
All leaves sampled were mature leaves that were average in size for the plant. Clear nail
polish was applied to three areas on the abaxial side of a freshly sampled leaf and allowed
to dry completely. A 5 ½ - 6 cm piece of transparent tape was firmly pressed over each
area of dried polish and peeled off gently. The tape with affixed peels was applied to a
previously labeled microscope slide, sticky side down, as flat as possible to avoid bubbling
which can cause visualization distortion. Stomata were visualized at 20x magnification
with an Olympus BX50 compound microscope (Olympus Corp., Tokyo, Japan) with an
Olympus Q Color 5 digital camera for image capture. Three peels per plant were
evaluated. Number of stomata were counted in one field of view (5,940.75 µm2) per peel
(n = 3 counts per plant). Length and width of 6 stomata were measured per peel (n = 18
stomata per plant). Stomatal area was calculated using the formula for the area of an
ellipse: half-length x half-width x π. The stomatal measurements and counts were made
using Q-Capture Pro 7 software (Q Imaging, 2010).
Phenotypic data collection
At the time of the study, three of the full-sibling families (n = 85 plants) were of sufficient
age to flower reliably. The following variables were used to describe plant inflorescence
and size: Number of inflorescences, inflorescence width (mean of three on each plant),
sepal width (mean of three on each of three inflorescences), height, and stem width. All
variables were measured on 6/8/2015 and 6/14/2016. Data analysis was performed using
SAS® software, Version 9.4 of the SAS system for Microsoft (Copyright © 2013, SAS
Institute Inc., Cary, NC, USA). The general linear model procedure (PROC GLM) was
used to partition variance in inflorescence, stomata, and plant size means into sources
attributable to year, family, ploidy level, and environment (error). Means for each ploidy
level were compared using Tukey’s studentized range test with an α = 0.05 significance
level.
Results and Discussion
Flow cytometry
Flow cytometric analysis was performed on five related full-sibling Hydrangea macrophylla
families (n = 112 plants). The three parents used to produce the full-sibling families were
diploid, with an average peak center of 50.9± 0.8 and an average genome size of 4.55 pg
(Table 1). Three of five full-sibling families, including those with ‘Trophee’ as the female
parent, consisted of all diploid offspring as expected. Diploid offspring had an average
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peak center of 50.7 ± 1.2 and an average genome size of 4.54 ± 0.05 pg. The family with
‘Trophee’ as the male parent contained 94% triploids, supporting the hypothesis that the
bimodal pollen size distribution of ‘Trophee’ reflects the presence of unreduced gametes.
Mean peak center and mean genome size of triploid offspring were 73.1 ± 0.78 and 6.7 ±
0.05 pg, respectively.
The cross ‘Princess Juliana’ x ‘Zaunkoenig’ produced all diploid offspring as expected.
However, its reciprocal, ‘Zaunkoenig’ x ‘Princess Juliana’, produced a small number of
polyploid offspring including a putative tetraploid (Table 1). This was unexpected as all
pollen examined from these two cultivars appeared of average size8. Diploid, triploid, and
the putative tetraploid full-sibling offspring from the cross ‘Zaunkoenig’ x ‘Princess Juliana’
showed mean peak sizes of 51.6±1.2, 73.6±1.7, and 88.5 and genome sizes of 4.5 ± 0.05,
6.7 ± 0.05, and 8.3, respectively. These spontaneous sexual autopolyploids are likely the
result of undetected 2n gamete formation, as chromosome doubling is much less common
than unreduced gamete formation in plants7. Molecular marker analysis is necessary to
determine the origin of these unexpected polyploids.
Ploidy levels and genome sizes of the H. macrophylla full-siblings in the current study are
very similar to previous studies, where mean diploid and triploid genome sizes ranged
from 4.5 to 4.8 pg and from 6.7 to 7.1 pg, respectively8, 11. There are no data to compare
with tetraploid values as this is the first report of sexually produced putative tetraploid H.
macrophylla. The expectation is that tetraploid peak centers and genome sizes will be
double (i.e. 100% larger) that of a related diploid3, 13. In our study, the tetraploid peak
center was only 77% larger than the diploid peak center, and the genome size was only
84% larger than the mean diploid genome size. Many examples exist where tetraploid
values are not exactly double that of the diploid, such as Solanum, where tetraploids were
91% larger than diploids14, and Lagerstroemia where tetraploids were 110% larger than
diploids15. However, the large discrepancy in this case may indicate the putative tetraploid
is an aneuploid; that is, it may have three sets of some chromosomes and four sets of
other chromosomes. Chromosome counts are needed to confirm the ploidy level of this
putative tetraploid.
Influence of ploidy on floral characteristics
Three of the five full-sibling families were of sufficient age to phenotype during the study
period. A total of 86 plants in three H. macrophylla full-sibling families were measured for
plant height, stem width, and stomata size; 63 of these flowered in both 2015 and 2016
and were used for floral data collection. Ploidy level significantly influenced the number of
inflorescences; family and year did not influence the number of inflorescences. The
tetraploid individual averaged 57.6 inflorescences each year while the diploid and triploid
plants averaged 8.3 and 3.5 inflorescences per plant, respectively (Figure 1). Triploid
plants had the widest inflorescences, followed by diploids and the tetraploid. There was
no difference in sepal width between diploids and triploids. The tetraploid inflorescences
did not develop showy sepals.
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Influence of ploidy on stomata and plant size
Stomata, also called guard cells, play an important role in plant water use as they open to
allow respiration and close to prevent water loss. In the current study, ploidy level
significantly impacted the size of stomata measured in three full-sibling Hydrangea
macrophylla families. The putative tetraploid had higher numbers of stomata than diploids
and triploids which had similar numbers of stomata (Figures 2 and 3). Stomatal area was
largest in triploid plants (8.3 uM2) and similarly sized in 2n and 4n plants (6.0 and 5.5 uM2,
respectively). As in other studies, the distribution of stomate length and area overlapped
for 2n and 3n plants, reaffirming that stomate size alone cannot distinguish between
diploid and triploid plants8. However, the number of stomata per unit area was very high
for the putative tetraploid – double and triple the number of stomata found in diploids and
triploids, respectively.
Plant height and stem width were significantly affected by year, as expected for traits that
increase yearly. Separate analyses of variance for each year revealed that ploidy level
influenced height each year. In both 2015 and 2016, 2n plants were tallest, followed by 3n
plants. The putative 4n plant was the shortest among the 85 measured offspring.
Triploids had the widest stems each year, averaging 16% thicker than diploids and 40%
thicker than the putative tetraploid (Figures 4 and 5). Leaf size followed a similar pattern:
triploids had the widest leaves and the putative tetraploid had the smallest leaves (Figure
6). Leaves of triploid plants were darker colored, thicker, and wider than leaves of other
ploidy levels.
Increasing ploidy level from diploid to tetraploid has been shown to decrease stomatal
density and increase stomatal size in many species including crape myrtle15, Solanum14,
and ornamental ginger13. However, none of these studies included triploids in the
analysis. In the current study, triploid plants had fewer, larger structures (inflorescences,
leaves, stomata) whereas the putative tetraploid had more, smaller structures compared to
diploids. Increased drought resistance has been imparted by lowered stomatal density in
both maize16 and Cucumis17, though not all studies have shown a link between stomatal
characteristics and drought resistance18. Replicated trials of abiotic and disease
resistance are ongoing, and superior plants will be evaluated for cultivar release and used
as parents for further breeding improvement. Genetic tolerance to stress and pests in
popular Hydrangea cultivars would lower both the environmental and operational cost of
producing these beautiful and popular plants.
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Table 1. Number and percent of diploid (2n), triploid (3n), and tetraploid (4n) plants in three cultivars and five full-sibling
families of Hydrangea macrophylla as determined by flow cytometry.
2n
3n
4n‡
Cultivar/Cross
n*
No. (%)
Center**
GS† (pg)
No. (%)
Center
GS (pg)
No. (%) Center
Princess Juliana
3
3 (100)
50.1 ± 1.6
4.5 ± 0.05
Trophee
3
3 (100)
50.9 ± 1.3
4.6 ± 0.03
Zaunkoenig
3
3 (100)
51.7 ± 1.7
4.6 ± 0.05
Princess Juliana x Zaunkoenig 21 21 (100)
51.3 ± 1.2
4.5 ± 0.04
0
0
Zaunkoenig x Princess Juliana 50 47 (94)
51.6 ± 1.2
4.5 ± 0.05
2 (4)
73.6 ± 1.7 6.7 ± 0.05
1 (2)
88.5
Princess Juliana x Trophee
18
1 (6)
48.5
4.5 ± 0.07
17 (94) 72.5 ± 1.8 6.7 ± 0.05
0
Trophee x Princess Juliana
8
8 (100)
51.4 ± 0.95
4.6 ± 0.05
0
0
Trophee x Zaunkoenig
15 15 (100)
49.8 ± 1.4
4.6 ± 0.03
0
0
*n=number of plants sampled per cultivar or cross.
**Center = peak of relative fluorescence intensity curve which is proportional to DNA content. For each sample, at least 3000
nuclei were analyzed revealing a single peak with a coefficient of variation (CV) less than 4.9%.
† = Genome size. Peak center and genome size values for individual plants were based on an average of two subsamples per
plant.
‡ = 4n, putative tetraploid.
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Figure 1. Mean number of inflorescences, mean inflorescence width, and mean sepal width for
container-grown 2n (n = 54), 3n (n = 18), and 4n (n = 1) Hydrangea macrophylla siblings. Mean
inflorescence number is measured on the primary axis; inflorescence and sepal width are
measured on the secondary axis. 4n plants did not develop showy sepals. Data were pooled over
two years (2015 and 2016). Error bars represent standard deviation. Tukey’s mean separation is
shown in lower-case letters; for each variable, means with the same letter are not significantly
different at the α=0.05 level.

a

ab
c
b

2

mata area (μM )

Stomate number (no.)

a

c

2n

3n

4n

Figure 2. Mean number of stomata (bars, primary axis) and mean stomate width (line, secondary
axis) for container-grown 2n (n = 54), 3n (n = 18), and 4n (n = 1) Hydrangea macrophylla siblings.
Error bars represent standard deviation. Tukey’s mean separation is shown in lower-case letters;
for each variable, means with the same letter are not significantly different at the α=0.05 level.
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Figure 3. Mean stem width for container-grown 2n (n = 54), 3n (n = 18), and 4n (n = 1) Hydrangea
macrophylla siblings in 2015 and 2016. Stem width was measured halfway between the second
and third node of the tallest stem of each plant. Error bars represent standard deviation. Tukey’s
mean separation is shown in lower-case letters; for each year, means with the same letter are not
significantly different at the α=0.05 level.

Figure 4. Representative stems (A), leaves (B), and stomata (C) from 2n, 3n, and 4n Hydrangea
macrophylla full-siblings.

Plant Breeding and Evaluation Section

14

SNA Research Conference Vol. 61 2016

Container Grown Plant
Production
James Robbins
Section Editor

Container Grown Plant Production Section

15

SNA Research Conference Vol. 61 2016

Reducing Fertilizer Needs for Nursery Plant Production: From Poo to Profit
M. Terri Williams, Helen T. Kraus and Elizabeth D. Riley
Department of Horticultural Science
North Carolina State University, Raleigh, NC 27695-7609
Helen_Kraus@ncsu.edu
Index Words Substrate, swine lagoon waste, compost, shoot dry weights, substrate
solution
Significance to the Industry Quality pine bark is becoming more difficult for growers to
source due to timber processing mills moving overseas (2). Alternative products are being
researched as possible amendments to extend pine bark supplies (3) and growers
welcome a local amendment that could potentially reduce the quantity of chemical fertilizer
needed. The farms with the later life stage pigs are shown to have desirable
concentrations of NPK nutrients (3). Results from this study suggest that nitrogen
additions can be cut in half and no additional P, K, Ca, Mg, or micronutrients are needed
with nursery plants are grown in substrates with swine lagoon wastes.
Nature of Work North Carolina is one of the top hog producing states in the U.S., with
nearly a million more pigs than people, generating as much untreated waste as New York
City metro area (1). This abundance of manure is generally spread as slurry on fallow
agricultural fields within a narrow radius from the hog farms as a necessary practice to
reduce the solids in the lagoons.
Materials and Methods A study was designed in a randomized complete block design
with six replications to evaluate the treatment impacts of four nitrogen (N) rates on plant
growth in a substrate composed of pine bark (PB) amended with swine lagoon solids
(SLS) (9:1 v/v) and an industry control substrate (9:1 PB:sand v/v) amended with 1.8 kg.m3
(3 lbs.yd-3) dolomitic limestone and 0.9 kg.m-3 (1.5 lbs.yd-3 ) micronutrients (Parker Bark
Company, Rose Hill, NC). Swine lagoon solids were dredged from a lagoon in Garland,
NC (Murphy Brown, LLC, Warsaw, NC) using a tiller attachment to cut the solids off the
lagoon bottom and pumped to a holding tank where a polymer (PT1051, PolyTec Inc.,
Mooresville, NC) was added and thoroughly mixed with the solids. The solids and polymer
mix was pumped into a geotextile bag (TITANTube OS425/OS425A, Flint Industries,
Metter, GA) situated on a plastic lined, recessed reservoir with a slight slope to one side.
The water filtered out of the bag and was pumped from the reservoir back into the lagoon.
The waste/polymer mix in the bag was allowed to drain for two years before use. Once
removed from the bag, the SLS were spread on plastic and allowed to air dry in a plastic
covered hoop house for a week with heat and forced air, and then ground to 2 mm (0.1 in)
using a grist mill (Molino Corona, Landers, Mora & Cia, LTDA, Medellin, Colombia).
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On May 21, 2015 liners of Buddleia davidii ‘Potter’s Purple’, Forsythia x intermedia
‘Courdijau’, Gardenia radicans, and Rhaphiolepis indica ‘Conia’ were potted into 3.8 L (1
gal) (Classic 500, Nursery Supplies, Inc., Chambersburg, PA) containers filled with either
the 9:1 PB:SLS or the industry control substrate. The plants were grown on a gravel pad
at the NCSU Horticulture Field Lab in Raleigh, NC. Slow release N (43-0-0) (Harrell’s
LLC, Lakeland, FL) was applied in the rates 0, 1, 2, or 3 g N/3.8 L container to the 9:1
PB:SLS substrate. A complete fertilizer (17-5-10) (Harrell’s LLC, Lakeland, FL) was
applied to the control substrate and supplied 3.5 g N/3.8 L container.
Additionally, substrate solution was collected (June 4, 18 and 30, July 20, 2015) using the
pour-through nutrient extraction method (5). Substrate solution pH was measured using a
combination EC/pH meter (HI 8424, Hannah Instruments, Ann Arbor, MI). Substrate
solution samples collected on June 4 and 30, 2015 were submitted to the NCDA&CS
(North Carolina Department of Agriculture and Consumer Services, Agronomic Division
Raleigh, NC) for ammonium (NH-N), nitrate (NO-N), phosphorus (P), and potassium (K).
On August 13, 2015, shoots were harvested and dried at 62C/144F for 4 days and used
for growth comparisons.
All variables were subjected to analysis of variance (ANOVA), linear contrasts, and
regression analyses where appropriate in SAS version 9.4 (4) and P was considered
significant at < 0.05.
Results and Discussion Shoot dry weights had a significant species by treatment
interaction. Treatment significantly impacted shoot dry weights for all species except
Rhaphiolepis. The control treatment produced significantly larger shoot dry weights for
Buddleia compared to the SLC treatments (0, 1, 2, and 3 g of N) (Table 1). However,
there were no significant linear or quadratic trends for increasing N rates on shoot dry
weights of Buddleia grown in the SLC treatments. Forsythia shoot dry weights were
significantly larger for the SLC treatment with 2 g of N added compared to the control
treatment, while the remaining SLC treatments were not significantly different from the
control treatment. However, the SLC treatments for Forsythia and Gardenia shoot dry
weights had a quadratic trend, increasing from 0 to 2 g of N and then decreasing after 2 g
of N. Gardenia shoot dry weights were also all similar to the control treatment, with the
exception of the SLC treatment with 0 g of N added, which was significantly smaller than
the control.
The pH for all SLC treatments remained within the recommended range of 4.5 to 6.5 for
the duration of the study (6). However, the control treatment tended to be slightly lower or
higher than the recommended range; for example, the lowest pH of control plants was
Buddleia with a pH of 4.7 on June 19, 2015, while, the highest pH was Gardenia with a pH
of 6.6 on June 30, 2015.
There were not a significant species by treatment by sample time interactions for all
nutrients [ammonium (NH-N), nitrate (NO-N), phosphorus (P), and potassium (K)] in the
substrate solution. However, the two-way treatment by sample time interactions were
significant for all nutrients (NH-N: P=<0.0001, NO-N: P=<0.0001, P: P=<0.0001, K:
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P=<0.0001). Also, the main effect of treatment was significant for all nutrients for June 4,
2015. However, for June 30, 2015 the main effect of treatment was only significant for
NO-N and P. As shown in Table 2, when comparing the control treatment to all SLC
treatments, the control treatment resulted in significantly less NH-N, NO-N, P, and K
present in the substrate solution. However, by June 30, 2015 all of the SLC treatments
were similar to the control for most nutrients with the exception of P, where SLC
treatments maintained higher amounts in the substrate solution compared to the control.
For NH-N, the SLC treatments had larger amounts present in the substrate solution for
SLC treatments with 1 and 2 g of N added (Table 2). For NO-N, the SLC treatments were
significantly higher than the control with 2 and 3 g of N added. Although, when the SLC
treatments (0, 1, 2, and 3 g of N) were analyzed for linear and quadratic trends there were
no significant differences (data not shown).
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Table 1. Shoot dry weight, treatment by species.
Linear
Linear
Linear
Linear
Treatment Buddleia Contrast z Forsythia Contrast z Gardenia Contrast z Rhaphiolepis Contrast z
0gN
11.4
<0.0001
10.0
NS
3.3
0.0063
2.4
NS
1gN
18.5
0.001
20.1
NS
6.2
NS
2.5
NS
2gN
11.5
<0.0001
25.8
0.0004
8.1
NS
2.4
NS
3gN
23.7
0.0065
19.5
NS
7.5
NS
2.5
NS
y
Control
43.1
15.1
6.2
2.7
x
Linear
NS
0.0045
0.0002
NS
Quadraticw
NS
<0.0001
0.0105
NS
z

Linear contrast compared all N treatments to control treatment. NS=not significant, P-value given otherwise.
Control Treatment supplied 3.5 g N.
x
Analysis of Linear regression. NS=not significant, P-value given otherwise.
w
Analysis of Quadratic regression. NS=not significant, P-value given otherwise.
y

Table 2. Nutrient concentration.
Sample time 4 June 2015
z
NHN
NONy
Phosx
Linear
Linear
Linear
v
u
u
Control
0.1 Contrast
0.2 Contrast
1.6
Contrastu
0gN
151.9 <0.0001 257.0 <0.0001 404.9 <0.0001
1gN
135.5 <0.0001 261.0 <0.0001 397.2 <0.0001
2gN
146.3 <0.0001 251.3 <0.0001 421.7 <0.0001
3gN
141.1 <0.0001 271.0 <0.0001 418.7 <0.0001
Sample time 30 June 2015
z
NHN
NONy
Phosx
Linear
Linear
Linear
Controlv 3.0 Contrastu 23.3 Contrastu 3.1
Contrastu
0gN
5.5
NS
21.5
NS
234.1 <0.0001
1gN
9.1
0.0255
35.2
NS
232.5 <0.0001
2gN
10.2
0.0097
92.9 <0.0001 216.8 <0.0001
3gN
6.8
NS
63.6
0.0016
221.8 <0.0001

Kw
15.5
113.2
100.3
109.9
104.4
Kw
17.3
16.6
19.8
20.9
16.6

Linear
Contrastu
<0.0001
<0.0001
<0.0001
<0.0001
Linear
Contrastu
NS
NS
NS
NS

z

NHN = ammonium.
NON = nitrate.
x
Phos = phosphorus.
w
K = potassium
v
Control Treatment supplied 3.5 g N.
u
Linear contrast compared all N treatments to control treatment. NS=not significant, P-value given otherwise.
y
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Shade Periodicity Affects Growth of Container Grown Dogwoods
Donna C. Fare and Fulya Basyal-Gurel
US National Arboretum and Tennessee State University
Nursery Research Center, 472 Cadillac Lane, McMinnville, TN 37110
donna.fare@ars.usda.gov
Index words Cornus florida L. ‘Comco No.1’ Cherokee Brave™, C. f. ‘Cherokee Princess’,
container production, nursery production, native tree
Significance to the Industry Container grown dogwoods are an important product in the
nursery and landscape industry. Dogwoods are a challenging crop to produce in container
culture, especially when bare root liners are used as the initial transplant into containers,
and have resulted in unacceptable levels of mortality and poor growth. This research
shows the benefit of growing Cherokee Brave™ and ‘Cherokee Princess’ under shade
especially during the hottest months, July and August, to produce quality container-grown
dogwoods. Both cultivars exhibited more than 20 percent height growth when grown
under shade for the entire growing season or grown under shade from July through
October compared to plants grown entirely in full sun. In this test, trunk diameter growth
was similar among sun, shade or combinations of sun and shade plants with both
cultivars.
Nature of Work Flowering dogwood is one of the most beautiful and important small
flowering trees used in the nursery and landscape industry and ranks third in the U.S. in
nursery sales of ornamental trees (6). It is considered an aristocrat of native flowering
trees of the U.S. and has a broad geographical range extending through most of the
eastern states and westerly through Iowa and south to Texas (2). Flowering dogwood has
been in nursery cultivation a long time, however, as the demand for containerized trees
has increased in the last 20 years, so has the demand for container-grown dogwoods.
However, dogwoods are a challenging crop to produce in container culture, especially
when bare root liners are used as the initial transplant into containers, and have resulted in
unacceptable levels of mortality and poor growth. Anecdotal comments from nursery
producers include overwatering, underwatering, over fertilization, poor root structure,
environmental stress, or transplanting delay from the bare root harvest as reasons for poor
dogwood growth during the first growing season.
Flowering dogwoods are considered an understory tree, but most producers grow
container-grown dogwoods in full sun. Substrate temperatures in black plastic containers
can exceed 43.3C (110 F) in full sun (3). Shade treatments were used to reduce root zone
temperatures after transplanting dogwoods into containers and resulted in larger plants
compared to plants grown in full sun (4). Research has shown that native understory
species are successfully grown under shade cloth (5) and dogwood growth was greater
when plants were grown under white or black shade compared to full sun (1).
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The objective of this research was to evaluate growth of two cultivars of bare root
dogwood liners after transplanting into nursery containers with periods of shade exposure
during the growing season.
Nature of Work On March 10, 2015, uniform bare root flowering dogwood liners of
Cornus florida L. ‘Cherokee Princess’ and C.f. ‘Comco No.1’ Cherokee Brave™, were
obtained from a commercial nursery in Winchester, TN. Liners, 45.7-60.9 cm (18-24 in)
tall, were potted into a #7 nursery container (C2800, Nursery Supplies, Chambersburg,
PA) with pine bark substrate amended with 6.6 kg (11.0 lbs.) 19-5-9 (19N-2.2P-7.5K)
Osmocote Pro 12 to 14 month controlled release fertilizer (Everris, Dublin, OH), 0.7 kg (1.2
lbs.) Micromax (Everris, Dublin, OH) and 0.6 kg (1 lbs.) of AquaGro (Aquatrols, Paulsboro,
NJ) per m3 (yd3) and placed on outdoor growing facility at the TSU Nursery Research
Center in McMinnville, TN. On April 20, plant height and trunk diameter [15.2 cm above
top of substrate (6 in)] were measured on plants that had begun to leaf out and measured
again at termination. Plants were assigned to four treatments: 1) full sun exposure during
growing season, 2) full sun exposure until July 13, then placed under 53% black shade, 3)
full sun exposure until August 13, then placed under 53% black shade, or 4) full shade
exposure (53%) during growing season. On July 13 and August 11, plant height and trunk
caliper were recorded and plants in treatment 2 and 3, respectively, were moved from full
sun and placed under shade. Shoots from four randomly selected plants were severed
from the roots at the substrate surface and the pine bark substrate was gently blown from
the root mass using a compress air system. Both roots and shoots were dried in a forcedair oven at 56C for ten days.
Cyclic irrigation was applied daily using micro-spray emitter [160° Spot-Spitter fan emitter
(Roberts Irrigation Company, Inc., San Marcos, CA)]. Weed control and powdery mildew
control measures followed normal nursery practices.
The experimental design was a completely randomized design with four replications of ten
plants per cultivar per experimental unit (n=40). All data were subjected to analysis of
variance with the GLM procedure of SAS (SAS for Windows Version 9.1, SAS Institute,
Cary, NC) and differences among treatments were separated by a Fisher’s least
significant difference, P<0.05.
Results and Discussion Up until July, Cherokee Brave™ and ‘Cherokee Princess’
grown in full sun (trt 1, 2, 3) were similar in height but had less height growth compared to
plants grown in shade (trt 4) (Figure 1). A similar trend was observed in August for
Cherokee Brave™, even though trt 2 had been under shade for about 30 days. In
contrast, ‘Cherokee Princess’ grown in shade (trt 4) were taller than other plants in August,
however, plants placed in shade in July (trt 2) had more height growth than plants in full
sun (trt 1 and 3). By mid-October, both Cherokee Brave™ and ‘Cherokee Princess’ grown
in shade from March through October were similar in size to plants that were placed in
shade in July (trt 2). Cherokee Brave™ and ‘Cherokee Princess’ grown in shade either
from July or from March until October were about 26% and 23% larger, respectively than
plants grown in full sun.
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Trunk diameter growth of Cherokee Brave™ was similar in July, August and October
among treatments and similar in July and August with ‘Cherokee Princess’. However, by
October, ‘Cherokee Princess’ plants grown in full sun were larger than plants grown in
shade from August to October, but were similar to plants grown in shade from March or
July until October. This is in contrast to findings by Burrows et al. (1) that reported
dogwoods grown in sun had less trunk diameter growth than plants grown in white or black
shade treatments.
Shoot dry weight was greatest with Cherokee Brave™ dogwoods grown under shade from
March to October compared to plants grown in full sun during the same period, 111.7 g vs
84 g, respectively. ‘Cherokee Princess’ grown in full sun had the least biomass with 89.4
g and plants grown under shade from March to October had similar shoot dry weight to
plants grown under shade from July to October, 118.4 vs 114.7 g, respectively.
This research shows that periods of shade resulted in increased plant growth of Cherokee
Brave™ and ‘Cherokee Princess’ during one growing season; however, the authors
realize that providing shade would require an investment in the infrastructure of nursery
facilities.
Literature Cited
1. Burrows, M.W., D.C. Fare. C.H. Gilliam and D.J. Eakes. 2015. Proc. South. Nurs. Res.
Conf. 60:10-18.
2. Dirr, M.A. 2009. Manual of woody landscape plants. Stipes publishing, L.L.C.
Champaign, IL. p. 288-295.
3. Johnson, C.R. and D.L. Ingram. 1984. Pittosporum tobira response to container
medium temperature. HortScience 19:524-525.
4. Montague, D. T., D.J. Eakes, C.H. Gilliam, K.M. Tilt, and H.G. Ponder. 1992. Shade
during container production of flowering dogwood increases growth. Proc. South. Nurs.
Res. Conf. 37:19-21.
5. Phillips, E.L., T.E. Bilderback, R.E. Bir and D. Torn. 1991. Comparison of light intensity
and temperatures under white and black shade cloth. Proc. South. Nurs. Res. Conf.
36:105-107.
6. U.S. Department of Agriculture. 2014. 2014 Census of Horticultural Specialties. 7 June
2016.
https://agcensus.usda.gov/Publications/2012/Online_Resources/Census_of_Horticultur
e_Specialties/hortic_1_021_022.pdf>.
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Figure 1. Influence of shade periodicity on height growth of Cornus florida L. ‘Comco No.1’
Cherokee Brave™ and C.f. ‘Cherokee Princess’ grown in #7 nursery containers during
2015. Significant and non-significant differences, separated by Fisher’s least significant
difference at P<0.05, compare height growth across treatments at July, August and
October.
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Figure 2. Influence of shade periodicity on trunk diameter growth of Cornus florida L.
‘Comco No.1’ Cherokee Brave™ and C.f. ‘Cherokee Princess’ grown in #7 nursery
containers during 2015. Significant and nonsignificant differences, separated by Fisher’s
least significant difference at P<0.05, compare trunk diameter growth across treatments at
July, August and October.
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Production of Herbaceous Perennials with Varied N:P:K Ratios and Nitrogen Rates
Elizabeth D. Riley and Helen T. Kraus
Department of Horticultural Science
North Carolina State University, Raleigh, NC 27695-7609
edbridge@ncsu.edu
Index Words Substrate solution, shoot dry weights, overhead irrigation
Significance to the Industry The P2O5 and K2O supplies in control release fertilizers for
the production of herbaceous perennials could be reduced by 0.67% per pound by utilizing
a 16:2:4 instead of a 17:6:12 N:P:K ratio and produce equivalent shoot growth.
Additionally, a 16:2:4 N:P:K ratio maintained lower NO3-N and K concentrations in the
substrate solution which would result in less environmental pollution. However, nutrient
uptake by the plant must be considered before a fertilizer formulation change should be
adopted.
Nature of Work Currently, fertilization of herbaceous perennials is not well defined.
Appropriate recommendations for herbaceous perennial fertilization with controlled release
fertilizers would reduce costs, increase plant uptake and reduce leaching of nutrients and
treatment requirements of captured and re-used runoff water from production of a popular
green industry crop. Current guidelines for fertilization of herbaceous perennials have
been based on either woody plants (for production in nurseries) or annual plants (for
production in greenhouses). Thus, recommendations are based on 50-100 ppm nitrogen
(N), 10-20 ppm P and 25-50 ppm K (which are known to be able to support growth of
woody, perennial plants) (5) and 90-225 ppm N with a 2:1:2 N:P:K ratio (which are
appropriate for herbaceous annual plants) (1). While many herbaceous perennials have
the same accelerated growth rate as annual plants, they also store nutrients in roots for regrowth following a dormant season like a woody plant. No research addresses controlled
release fertilizer rates for herbaceous perennials. The objective of this research was to
determine the effect of varying the N:P:K ratio and N rate of controlled release fertilizers
on the growth of six herbaceous perennials under overhead irrigation.
Materials and Methods The experiment was arranged as a factorial treatment with three
N:P:K ratios (17:6:12, 16:2:4, and 24:2:4), four N rates (1, 2, 3, and 4g), and six species
[Rudbeckia fulgida var. sullivantii 'Goldsturm' (Rudbeckia), Hibiscus moscheutos
(Hibiscus), Pennisetum alopecuroides ‘Hameln’ (Pennisetum), Coreopsis ‘Full Moon’
(Coreopsis), Phlox paniculata ‘Jeana’ (Phlox), and Veronica spicata ‘Royal Candles’
(Veronica)]. There were 4 replications arranged in a randomized complete block design.
On June 28, 2012, all species were planted into 4.6 L (1.2 gal) containers (Classic 500,
Nursery Supplies Inc., Chambersburg, PA) filled with an 8:1 pine bark:sand (v/v) substrate
amended with 5 kg.m-3 (10 lb.yd-3) of dolomitic limestone (Rockydale Quarries Corporation,
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Roanoke, VA). Irrigation was supplied cyclically at 8:00 am, 12:00 pm, and 4:00 pm each
day using sprinklers (R13-18, Rainbird, Tucson, AZ) that applied 6.1 L.min-1 (1.6 gal.min-1).
On July 10, 2012 fertilizer was top-dressed to all species for each N:P:K ratio x N rate.
Irrigation volume was monitored every two weeks to maintain a 0.2 leaching fraction (LF =
volume leached ÷ volume applied). Nutrient concentration in the substrate solution was
measured by collecting leachate samples using the Virginia Tech Pour Through Extraction
Method (4). Substrate solution samples were collected on August 31, 2012 (for Phlox,
Rudbeckia, and Veronica only) and were submitted to the North Carolina Department of
Agriculture and Consumer Services, Agronomic Division (Raleigh, NC) for ammonium
(NH4-N), nitrate (NO3-N), phosphorus (P), and potassium (K) analyses. On September 57, 2012, Coreopsis, Hibiscus, and Pennisetum and on September 18-20, 2012, Phlox,
Rudbeckia, and Veronica shoots (stems and leaves) were harvested. Shoots were dried
at 62C (144F) for 5 days for dry weight determination.
This study was conducted at the North Carolina State University Horticultural Field
Laboratories (Raleigh, NC). All variables were subjected to analysis of variance (ANOVA)
and regression analyses, where appropriate, using PROC GLM and PROC REG in SAS
version 9.4 (3) and where P was considered significant at < 0.05.
Results and Discussion The N:P:K ratio by N rate by species interaction was nonsignificant for shoot dry weights; however, all two-way interactions were significant (N rate
by species: P=<.0001, N:P:K ratio by species: P=<.0001, N:P:K ratio by N rate: P=0.0002).
When analyzed by species, the N rate, regardless of N:P:K ratio, had increasing linear
trends in shoot dry weights from 1 to 4g for all species (data not shown). Also, when
analyzed by species, N:P:K ratio only had a significant impact on shoot dry weights for
Coreopsis, Hibiscus, and Rudbeckia regardless of N rate (Figure 1). Generally, for all of
these species, 17:6:12 produced the largest shoot dry weights and was similar to 16:2:4.
However, 24:2:4 produced significantly smaller shoot dry weights compared to 17:6:12 for
Coreopsis, Hibiscus, and Rudbeckia but was generally similar to 16:2:4. These data
suggest that both the P2O5 and K2O supplies in controlled release fertilizers for the
production of herbaceous perennials could be reduced by 0.67% per pound by utilizing a
16:2:4 instead of a 17:6:12 N:P:K ratio. Similarly, when using daily fertigation, Kraus and
Warren (2) found that Rudbeckia and Hibiscus were best grown with an 8:1:2 N:P:K ratio
and 200 mg.L N-1, 25 mg.L P-1, 50 mg.L K-1. However, a 17:1:2 N:P:K ratio and lower P
and K rates (17 mg.L P-1 and 33 mg.L K-1) produced similar growth in Rudbeckia.
Substrate solution nutrient concentrations had a significant N:P:K ratio by N rate
interaction for NO3-N and K. However, only the main effects of N rate and N:P:K ratio
were significant for NH4-N, while the main effects of species, N rate, and N:P:K ratio were
significant for P. For NO3-N and K, when analyzed by N:P:K ratio and averaged over
species, concentrations increased linearly with increasing N rates from 1 to 4g for both
16:2:4 and 17:6:12 (Figure 2A, 2B). However, the concentrations in the substrate solution
for 16:2:4 and 24:2:4 remained lower than 17:6:12 regardless of N rate and would result in
less nutrient in runoff. Additionally, there was a larger concentration of NH-N in the
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substrate solution with 17:6:12 compared to 16:2:4 and 24:2:4 regardless of N rate and
there were larger concentrations of P in the substrate solution for 16:2:4 compared to
24:2:4, while, the concentrations were similar to 17:6:12 (data not shown).
Literature Cited
1. Bailey, D.A. and P.V. Nelson. Undated. Designing a greenhouse crop production
program. http://www.ces.ncsu.edu/depts/hort/floriculture/crop/crop_NPK.
2. Kraus, H.T. and S.L. Warren. 2011. Nitrogen:Phosphorus:Potassium ratios affect
production of two herbaceous perennials. HortScience 46:776-783.
3. SAS Institute, Inc. 2001. SAS/STAT User’s Guide: Release 9.4 Edition, SAS Inst., Inc.,
Cary, NC.
4. Wright, R.D. 1986. The pour-through nutrient technique extraction procedure.
HortScience 21:223-225.
5. Wright, R.D. and A.X. Niemiera. 1987. Nutrition of container-grown woody nursery
crops, p. 76-101. In: J. Janick (ed.). Hort Reviews. Vol. 9. AVI Publishing Co., Inc.,
Westport, Conn.
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Figure 1. Effect of nitrogen:phosphorus:potassium ratio (16:2:4, 17:6:12, or 24:2:4),
averaged over all nitrogen rates, on shoot dry weights for Rudbeckia fulgida var. sullivantii
'Goldsturm' (Rudbeckia), Hibiscus moscheutos (Hibiscus), Pennisetum alopecuroides
‘Hameln’ (Pennisetum), Coreopsis ‘Full Moon’ (Coreopsis), Phlox paniculata ‘Jeana’
(Phlox), and Veronica spicata ‘Royal Candles’ (Veronica). For each species, means
between nitrogen:phosphorus:potassium ratios are significantly different from each other
based on Tukey’s honestly significant differences means separation procedures (P<0.05).
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Figure 2. Effect of nitrogen rate (N rate) on nitrate (NO3-N) concentrations (A) and
potassium (K) concentrations (B) for each nitrogen:phosphorus:potassium ratio (16:2:4,
17:6:12, or 24:2:4) averaged over species (Rudbeckia fulgida var. sullivantii 'Goldsturm',
Hibiscus moscheutos, Pennisetum alopecuroides ‘Hameln’, Coreopsis ‘Full Moon’, Phlox
paniculata ‘Jeana’, and Veronica spicata ‘Royal Candles’). Regression analyses were
utilized for linear (L), quadratic (Q), and non-significant (NS) responses (P<0.05).
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Effect of Volumetric Water Content on the Growth of Anisacanthus quadrifidu,
Caryopteris x clandonensis, and Cuphea hyssopifolia
Youping Sun1, Genhua Niu1 and Hermilo Barrera2
1

Texas A&M AgriLife Research Center at El Paso, 1380 A&M Circle, El Paso, TX 79927
2
El Paso Community College, 10700 Gateway Blvd E, El Paso, TX 79925
Youping.sun@ag.tamu.edu

Index Words Dry weight, growth index, visual score, volumetric water content
Significance to the Industry Drought tolerant ornamental plants are needed to meet the
demands of the green industry for sustainability and low maintenance landscapes as
drought events are often unpredictable. Anisacanthus quadrifidus (Vahi) Nees var.
Wrightii (Torr.) Henrickson (flame acanthus), Caryopteris × clandonensis ‘Dark Knight’
(‘Dark Knight’ bluebeard), and Cuphea hyssopifolia Kunth (mexican false heather) are
popular ornamental plants. Yet little research-based information is available about their
tolerance to drought conditions. A greenhouse experiment was conducted to determine
their relative drought tolerance by maintaining a constant substrate volumetric water
content (volume of water/volume of substrate, VWC) of 25, 30, 35, 40, or 45% for 10
weeks. Results showed that as VWC decreased, leaf area, number of flowers, and dry
weight (DW) of all plant species decreased linearly with variation among species. As
VWC decreased from 45% to 25%, flame acanthus, ‘Dark Knight’ bluebeard, and mexican
false heather plants exhibited reductions in leaf area by 49, 81, and 80%; in number of
flowers by 33, 27, and 71%; and in whole plant DW by 58, 68, and 76%, respectively.
Among the three plants evaluated, flame acanthus displayed better drought tolerance with
less growth reduction in comparison with ‘Dark Knight’ bluebeard and mexican false
heather. Such information may help growers and homeowners make informed decisions
regarding plant selection and irrigation management.
Nature of Work Anisacanthus quadrifidus var. Wrightii (flame acanthus), Caryopteris ×
clandonensis ‘Dark Knight’ (‘Dark Knight’ bluebeard), and Cuphea hyssopifolia (mexican
false heather) are widely used landscape plants. Flame acanthus is a small shrub native
to Texas and Mexico (1). From midsummer through frost, flame acanthus is covered with
long, slender, red or orange flowers. It adapts to well-drained soil and sunny exposures
(1). ‘Dark Knight’ bluebeard is a soft rounded shrub native to eastern and southern Asia
(2). It has an upright habit with dark green foliage and lovely bright blue flowers. It prefers
a loose, loamy soil and full sun (2). Mexican false heather is a small evergreen shrub
native to Mexico, Guatemala, and Honduras (3). It has fine foliage and beautiful eyecatching purple flowers. It can be grown in a range of soils in a sunny or partially shaded
spot with good drainage (3). All three species are attractive to beneficial insects such as
bees and butterflies. They are heat tolerant and require low maintenance. However, little
research-based information is available on their drought tolerance.
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Field trials or well controlled greenhouse experiments are needed to determine plant
drought tolerance instead of anecdotal observations. Field trials are a standard and
reliable method of evaluating plant response to drought conditions. However, these trials
often require years to get accurate results and need a great quantity of plant materials.
Furthermore, the occurrence of drought conditions in the field is unpredictable and rainfall
can complicate drought treatments. A sensor-based irrigation system as described by
Nemali and van Iersel (4) allows irrigating plants to a desired level at which drought stress
is imposed on plants. Such sensor-based irrigation system accurately control the desired
drought stress levels and thus provide an effective approach to determine plant drought
tolerance by examining the growth and physiological responses of plants to drought stress
within a relatively short period of time.
The objective of this study was to evaluate the relative drought tolerance of flame
acanthus, ‘Dark Knight’ bluebeard and mexican false heather in a greenhouse. The
growth response to five substrate volumetric water contents (volume of water/volume of
substrate, VWC, L·L-1) controlled by a sensor-based automatic irrigation system was
investigated.
Rooted cuttings of flame acanthus, ‘Dark Knight’ bluebeard and mexican false heather
were received from Southwest Perennials (Dallas, TX) on 9 Apr. 2015. Uniform plants
were selected and transplanted into 5.8-L black poly-tainer containers (22.5 × 19.5 cm)
containing commercial substrate Metro-Mix 902 [50%-60% composted bark, Canadian
sphagnum peat moss, vermiculite and coarse perlite, starter nutrient charge with Gypsum
and slow release nitrogen and dolomitic limestone (SunGro®, Agawam, MA)]. The
medium was incorporated with 25 g Scotts® Osmocote® Plus Controlled Release
Fertilizer 15-9-12 Osmocote with 5 to 6 months longevity (The Scotts Company,
Marysville, OH). Plants were watered with reverse osmosis (RO) water throughout the
experiment.
Containers were then irrigated at one of the five substrate VWC set points: 0.25 L·L-1
(25%), 0.30 L·L-1 (30%), 0.35 L·L-1 (35%), 0.40 L·L-1 (40%), and 0.45 L·L-1 (45%), using a
sensor-based automated irrigation system similar to that described by Nemali and van
Iersel (4). One 10HS capacitance sensor (Decagon, Pullman, WA) was inserted vertically
into the substrate in a randomly selected container in each treatment. The sensors were
connected to a CR10 datalogger (Campbell Scientific, Logan, UT) through an AM416
multiplexer (Campbell Scientific), and the voltage output was measured every 5 min. The
datalogger was programmed to convert voltage to substrate VWC using a substratespecific calibration equation (VWC = -75.146 + 198.344 × voltage – 69.747 × voltage2, R2
= 0.996***). The datalogger compared the VWC in each treatment with the VWC set point
for that particular treatment. As soon as the VWC in a container dropped below the set
point for irrigation, the datalogger sent a signal to the 16-channel SDM-CD16AC relay
controller (Campbell Scientific), which opened the solenoid valve (X-13551-72; Dayton
Electric Co., Niles, IL) corresponding to that treatment for 40 seconds. Each container
was watered with one dribble ring (Dramm, Manitowoc, WI) at a diameter of 15 cm with
five emitter holes per ring. The dribble ring was connected to a pressure-compensated
drip emitter (8 LPH; Netafim USA, Fresno, CA) with an average flow rate of 2.1 gallon per
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hour. The temperatures in the greenhouse were maintained at 29.0 ± 1.8 °C (mean ±
standard deviation) during the day and 24.3 ± 2.6 °C at night. The daily light integral
(photosynthetically active radiation) was 11.1 ± 1.5 mol·m-2·d-1.
Plant height (cm) from pot rim to the tallest point of the plant was recorded every two
weeks. On 21 July 2015 (69 days after treatment), the shoots of all plants were severed at
the substrate surface. Leaf area was determined using LI-3100C area meter (LI-COR®
Biosciences, Lincoln, NE). Number of inflorescences (including flower buds, open flowers,
or faded flowers) was counted. Thereafter, the above-ground parts (including stems,
leaves, and flowers) were oven-dried at 70 ℃ for four days and dry weight (DW, g) was
determined.
The study was designed as a randomized complete block design with two blocks, five
VWC thresholds as treatments, and four plants per treatment. Analysis of variance
(ANOVA) was performed using PROC GLM. Means separation among treatments was
conducted using Tukey’s HSD multiple comparison. All statistical analyses were
performed using JMP 11 (SAS Institute Inc., Cary, NC).

Results and Discussion The daily average substrate VWCs were 1 to 3% higher than
their respective set points over the course of the experiment (Fig. 1). Although daily
variations in VWCs were observed, especially at the lower set points, distinguished
differences in the average VWCs among the treatments were maintained throughout the
experiment. From 10 to 70 days after treatment, the averaged VWCs were 28%, 32%,
37%, 41%, and 46% in treatments with irrigation set points of 25%, 30%, 35%, 40%, and
45%, respectively.
Plant height and leaf area of three species decreased linearly with decreasing VWC set
points (Fig. 2 and 3). When VWC set points decreased from 45 to 25%, the slope of the
regression curve of mexican false heather was less steep than that of ‘Dark Knight’
bluebeard and flame acanthus. As VWC decreased from 45 to 25%, flame acanthus,
‘Dark Knight’ bluebeard, and mexican false heather plants showed reductions in plant
height of 29%, 34%, and 20%, respectively, and a reduction in leaf area of 49%, 81%, and
80%, respectively.
The number of inflorescences and total dry weight of three species were reduced as VWC
decreased. Linear regression relations of the number of inflorescences and total dry
weight with VWC were observed for three species (Fig. 4 and 5). As VWC set points
decreased from 45 to 25%, the slope of the regression curve of mexican false heather and
‘Dark Knight’ bluebeard were less steep than that of flame acanthus. A reduction of 33%,
27%, and 71% in number of inflorescences and 58%, 68%, and 76% in total dry weight
was recorded for mexican false heather, ‘Dark Knight’ bluebeard, and flame acanthus,
respectively, as VWC decreased from 45% to 25%.
In conclusion, drought stress provided in this study significantly reduced the growth of
flame acanthus, ‘Dark Knight’ bluebeard and mexican false heather. The responses
varied with species. The flame acanthus displayed better drought tolerance with less
growth reduction in comparison with ‘Dark Knight’ bluebeard and mexican false heather.
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Figure 1. Daily average substrate volumetric water content maintained by a soil moisture
sensor-controlled automatic irrigation system.
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Figure 2. Plant height of Anisacanthus quadrifidus var. Wrightii (flame acanthus),
Caryopteris × clandonensis ‘Dark Knight’ (‘Dark Knight’ bluebeard), and Cuphea
hyssopifolia’ (mexican false heather) irrigated with a constant substrate volumetric water
content maintained by a soil moisture sensor-controlled automatic irrigation system.

Figure 3. Leaf area of Anisacanthus quadrifidus var. Wrightii (flame acanthus), Caryopteris
× clandonensis ‘Dark Knight’ (‘Dark Knight’ bluebeard), and Cuphea hyssopifolia’ (mexican
false heather) irrigated with a constant substrate volumetric water content maintained by a
soil moisture sensor-controlled automatic irrigation system.
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Figure 4. Number of inflorescence of Anisacanthus quadrifidus var. Wrightii (flame
acanthus), Caryopteris × clandonensis ‘Dark Knight’ (‘Dark Knight’ bluebeard), and
Cuphea hyssopifolia’ (mexican false heather) irrigated with a constant substrate volumetric
water content maintained by a soil moisture sensor-controlled automatic irrigation system.

Figure 5. Dry weight of Anisacanthus quadrifidus var. Wrightii (flame acanthus),
Caryopteris × clandonensis ‘Dark Knight’ (‘Dark Knight’ bluebeard), and Cuphea
hyssopifolia’ (mexican false heather) irrigated with a constant substrate volumetric water
content maintained by a soil moisture sensor-controlled automatic irrigation system.
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The Healing Power of Plants
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Index Words Gardening, horticultural therapy, mental health, nature, people-plant
interactions
Significance to Industry There is a small but growing body of scientific evidence
suggesting that interactions with plants impact human mental and physical health. As
empirical evidence supporting the linkages between people-plant interactions and human
health increases, there is a rising realization that plants may prove to be a powerful
countermeasure to the stress and mental health deterioration associated with life in a
rapidly urbanizing world (1). Once the public understands the range and potency of
therapeutic benefits achievable through people-plant interactions, demand for all kinds of
plants will inevitably grow to satisfy an enhanced consumer desire for healthy urban living.
Therefore, horticulture as a therapeutic modality, could reach a similar level of traction
among consumers that has been achieved by the organic food industry. This would
represent a potentially expanding market for industry products related to the greening of
both interior and exterior urban environments.
Nature of Work This paper will briefly delve into some of the evidence for the therapeutic
benefits of plants obtained through people-plant interaction.
Results and Discussion People-plant interactions date to our earliest beginnings, and
therefore the argument can be made that we have a connection with plants that is unique
and special. We have relied on plants for so long and in so many ways for our very
survival. It could be suggested that we have been genetically programmed through
positive selection to need plants in our daily lives for mental health reasons just as we do
for the dietary and nutritional health benefits that they provide (2). If true, then plants are
important for the health of the body and the mind. If so, this mental health aspect of
people-plant interactions remains largely unexplored by biomedical sciences.
Gardening has been practiced by humans well before the beginning of the Neolithic Age,
about 12,000 years ago, providing food and nutrition that has helped sustain us. Neolithic
gardening improved our chances for survival and served to link us to nature and the
natural plant world. In contrast, the concept of horticulture as mental health therapy dates
only to the early 19th century when Dr. Benjamin Rush first recognized the therapeutic
benefits of gardening for individuals suffering from mental health disorders (3). By the end
of World War I, horticultural therapy (HT) had become more widely practiced, particularly
because returning war veterans in VA rehabilitative hospitals were given HT to hasten
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their convalescence and recovery. The therapy was provided by Garden Club members
that offered courses on horticulture including garden establishment, plant identification,
and greenhouse construction (4).
Horticultural therapy is a specialized adaptation of the gardening that people have been
doing for millennia, for it encompasses a purposeful clinical and therapeutic dimension.
Horticultural therapy is now widely practiced in developed countries throughout the world
(5). While there is a broad anecdotal perception and acceptance that gardening and HT
provide real health benefits beyond that of fulfilling nutritional requirements (6),
considerable new research is acutely needed to better quantitatively define the actual
mental health benefits these two horticultural activities provide. Beyond elevating the
potential medical value of HT, further research may suggest that individual gardening and
caring for plants has the potential to become a recognized form of mindfulness therapy for
stress reduction and psychological well-being (7) that does not require pharmacological
intervention to achieve improved health and well-being outcomes.
A review of the published scientific literature on therapeutic benefits of gardening and HT
has revealed a surprising paucity of high quality experimental research. While the volume
of research literature on gardening and HT is large, most studies for many different
reasons have been found to be scientifically weak or significantly deficient (8, 9, 10).
Yet, imagine for a moment what it would mean to the green industry, if it were to become
common knowledge that gardening on a regular basis could contribute to the prevention or
delay the onset of dementia by as much as 36%, reduce perceived psychological stress
indication by 38%, or lead to a 25% reduction in mortality over a 15 year period for people
going through their 50s, 60s and 70s. It turns out these are authentic results taken from
three different studies (11, 12, 13).
However, without a better clinical understanding of the efficacy and treatment effects, it will
not be possible for people-plant interactions like gardening or HT to make a major
transition to a medically recognized, mainstream health and wellness modality.
Horticultural therapy is not presently a medically recognized therapeutic intervention
covered by health insurance in the United States. Thus, there exists an urgent need for a
coherent foundation of solid clinical research demonstrating cause and effect of peopleplant interactions. A body of reliable quantitative measures of benefit per treatment
regime, with dosage considerations, is needed before HT can become a medically
accepted treatment modality and a standard adjunct to current clinical treatment practices.
Similarly, for gardening to become a professionally recommended therapeutic behavioral
modality implemented to maintain or improve mental health and overall well-being, we
must support anecdotes with robust experimental evidence.
As the name implies, horticultural therapy resides at the intersection of horticulture, plant
sciences, medical sciences, psychiatry, psychology, sociology, social sciences,
occupational therapy, clinical practice and health and human sciences. A survey of the
published literature commonly finds studies conducted by horticulturists, horticultural
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therapists, health care analysts, psychologists, psychiatrists, nurses or other clinicians.
Given the interdisciplinary nature of HT, the experimental designs of many studies seeking
to define HT benefits have focused on one aspect or another, but most studies have often
lacked a proper holistic and well-controlled experimental design. At the University of
Florida, a Land-grant university with an institute of agriculture and a medical school, a
study on the therapeutic benefits of HT and gardening has brought together an
interdisciplinary team consisting of a registered horticultural therapist (HTR), a professor of
Horticultural Sciences, a physician and professor emeritus of the College of Medicine, and
faculty from Psychiatry, Psychology, Neurosciences and Health Policy Research to
contribute to a multidisciplinary experimental design and outcome analysis. The ongoing
study is an opportunity to clearly demonstrate the restorative and therapeutic benefits of
plants, gardening and HT. Therefore, this study begins to establish what millions of
gardeners already know and feel, but are unable to experimentally prove. The objective of
the research is to test the hypothesis that participating in group-based gardening activities
has measurable therapeutic benefits on the mental health status of gardening-naïve,
healthy women. It is a novel idea to suggest that the health status of healthy women could
be improved by engaging in gardening or HT activities. Yet, the magnitude of anecdotal
support for such a concept coming from millions of gardeners is so overwhelming, it
seems impossible not to be true. Our work on this represents a first-of-its-kind study given
the demographic of the study participant population. In 2015, our research consortium of
investigators conducted a highly-controlled pilot experiment with a population of 23
healthy, premenopausal women ages 26-48. The results from that experiment
quantitatively support the hypothesis and appear to be very promising. Briefly, the scores
from five different psychometric assessments administered at the beginning and following
the completion of the gardening treatment suggest statistically significant improvements in
the mental health profiles of the healthy women for depression symptomatology, perceived
stress, anxiety and mood state disturbances. In contrast, virtually no improvements for
any of these psychometric assessments were observed for the control group that received
no treatment intervention.
In summary, the green industry can benefit from top-quality scientific research that
quantitatively demonstrates the therapeutic benefits of plants, gardening, HT and other
similar forms of people-plant interactions. Such research findings will inform marketing
campaigns in innovative ways, and attract interest from all forms of popular media to
publicize and promote documented health benefits which would be especially pertinent to
a rapidly growing urban population that is increasingly health-conscious.
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Can the Trans-Pacific Partnership Benefit U.S. Nursery and Floriculture Producers?
Enefiok Ekanem and Mary Mafuyai
Tennessee State University, 3500 John Merritt Blvd., Nashville, TN 37209
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Index Words Nursery and floriculture products, exports
Significance to Industry Tennessee generated sales of $295 million from nursery,
greenhouse, floriculture and sod on 1,149 farms, according to the 2012 Census of
Agriculture. This sector ranked 4th in terms of total value of sales, making up about 8.2
percent of the value of total sales (USDA, 2012). In the U.S., these crops were grown on
52,751 farms with a total of about $15 billion in sales. In 2013, the U.S. exports totaled
$2.3 trillion, a 27 percent increase (adjusting) for inflation from the 2009 figure (U.S.
Department of Commerce, 2014). The Trans-Pacific Partnership TPP) agreement
promises to further expand trade even further. The U. S. nursery and floriculture products
industry will benefit from export trade expansion.
Signed on February 4, 2016, in Auckland, New Zealand, the TPP is a trade agreement
involving 12 countries. The agreement was reached after seven years of negotiations
(OUSTR). The TTP countries include: Australia, Brunei, Chile, Indonesia, Japan, Mexico,
New Zealand, Peru, Singapore, South Korea, the United States and Vietnam. Estimates
by Bala Ramasamy (2016) showed that TPP members will witness significant increases to
their trade. Because of this partnership, US annual real income is expected to increase by
0.5 percent of GDP while annual exports will increase by 9.1 percent. Exports from Japan,
Vietnam and Malaysia are expected to increase by 23.2 percent, 30.1, and 20.1 percent,
respectively. The U.S. led with up to 50 percent of the TPP countries in exports. If this
trend continues, U. S. exports will increase and support high-paying domestic jobs. In
2013, U.S. exports to TPP countries totaled $698 billion, representing 44 percent of total
U.S. exports. Agricultural products totaled $63 billion, 42 percent of total U.S. agricultural
exports. Small and medium-sized businesses in the U. S. alone exported $247 billion to
the Asia-Pacific in 2011. The Peterson Institute for International Economics estimated that
TPP will add $225 billion to the global GDP by 2025. Approximately, $8.5 billion of the $77
billion of the expanded growth in U.S. GDP will go to agriculture (Sheldon, 2015). The
objective of this research is to use available data from U.S. International Trade Statistics to
assess the possibility that U.S. exports of nursery and floriculture products to TPP
countries will expand if the agreement receives final approval.
Nature of Work The export data analysis provided in this paper focuses on the industry
code described in the 2012 North American Industry Classification System (NAICS) using
data from sector 11 -- Agriculture, Forestry, Fishing and Hunting with more disaggregated
data from the U.S. International Trade Statistics from the sub-sectors 111421, Nursery and
Tree production and 111422 Floriculture production. This industry engages in growing
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nursery and floriculture products (e.g., nursery stock, shrubbery, cut flowers, flower seeds,
foliage plants) under cover or in open fields and/or (2) growing short rotation woody trees
with a growing and harvesting cycle of 10 years or less for pulp or tree stock (e.g., cut
Christmas trees, cottonwoods).
Results and Discussion As shown in Table 1, total U.S. exports of nursery products and
trees increased from $334.5 million in 2008 to approximately $344.7 million in 2014 after a
slight decline to $342.6 million in 2013. An examination of the exports to ten TPP countries
showed that, in 2015, exports to Mexico topped $65.1 million followed by exports to Peru
of $7.6 million and Japan of about $3.3 million. Percentage growth in exports was
calculated as: U.S. trade in nursery products and trees to Vietnam increased 63.2% from a
low of $5,000 to a high of $408,000 between 2008 and 2013 (Table 1). Average exports
for 10 of the TPP countries for data collected from 2008 to 2015, showed a positive growth
in export values (Figure 1). Overall, U.S. trade with ten countries in the Trans-Pacific
Partnership rose by more than 77percent between 2008 and 2015. During the same
period, there were only very slight declines in export trade with Australia (-0.1percent),
Chile (-0.4percent), Japan (-0.5percent), New Zealand (-0.1percent) and Singapore (0.3percent). U.S. nursery export trade with South Korea and Peru increased 1.4percent
and 10.8percent, respectively. The percentages given above were calculated using
equation (1):
2015 𝑒𝑥𝑝𝑜𝑟𝑡𝑠−2008 𝑒𝑥𝑝𝑜𝑟𝑡𝑠
% 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 = �
� ∗ 100% ……………………………….(1)
2008 𝑒𝑥𝑝𝑜𝑟𝑡𝑠
Next, this paper examines U.S. floriculture products export trade with the ten TPP
countries where data were available. The U.S. recorded positive gains in export trade for
all except two (Indonesia and Singapore) of the ten TPP countries shown in Table 2.
Significant trade gains were recorded for Australia, Chile, South Korea, Mexico, Peru, and
Vietnam with increases of over 200 percent recorded for Peru and more than 400 percent
for Vietnam. Average U. S. exports of floriculture products showed a positive trend
between 2008 and 2015 (Figure 2). Average floriculture products exports from 2008 to
2015 for the 10 TPP countries were calculated using equation (2):
AFE = [∑Ei]/n ………………………………………………………………………………. (2)
Where: AFE = average floriculture exports, n = 10 countries and, Ei = exports for ith
country. This brief data on specific U.S. exports to ten countries in the Trans-Pacific
Partnership suggests that, if the observed pattern in nursery, tree, and floriculture products
continues, U.S. exports will benefit from expanded trade that will follow the ratification of
the agreement. While it is difficult to predict which individual producers may benefit or how
much the gain may be from such expanded trade, it is possible to assume that will be
increased exports of these products. Trade expansion and gains will come from reduced
tariffs and trade barriers, artificial and otherwise among the countries involved in this
partnership.
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Table 1. Average gain or loss in U.S. exports of nursery products and trees* to ten TransPacific Partnership (TPP) countries.
Exports: F.A.S. Value Basis (in thousands of dollars)**

Gain / Loss (%)
2015
World
2.0 341,167
Australia
-0.1
949
Chile
-0.4
133
Indonesia
2.6
182
Japan
-0.5
3,311
Korea,
1.4
1,901
South
Mexico
0.8
65,133
New
-0.1
367
Zealand
Peru
10.8
7,600
Singapore
-0.3
709
Vietnam
63.2
321
Average
8.1
7.7

2014
344,700
808
378
77
2,530

2013
342,634
1,313
630
711
2,809

2012
294,813
1,025
362
955
2,545

2011
344,415
580
333
1,322
3,881

2010
315,930
679
126
2,103
4,813

2009
297,799
574
86
74
4,835

2008
334,508
1,019
233
51
6,450

2,103

2,455

1,452

1,279

1,261

1,585

787

60,100

58,471

50,785

44,536

28,094

27,441

37,002

565

185

299

409

442

375

388

6,337
1,028
167
8.1

1,972
533
408
7.0

1,608
549
544
6.0

528
1,818
102
5.5

522
546
41
3.8

722
1,002
27
3.7

646
1,010
5
4.8

*Value of Exports by (NAICS - 111421) Nursery Products & Trees in thousands of dollars ($’000)
**F.A.S. Export Value (Excluding Exports to Canada). The F.A.S. (free alongside ship) value is the value of
exports at the U.S. seaport, airport, or border port of export, based on the transaction price, including inland
freight, insurance, and other charges incurred in placing the merchandise alongside the carrier at the U.S.
port of exportation. The value, as defined, excludes the cost of loading the merchandise aboard the
exporting carrier and also excludes freight, insurance, and any charges or transportation costs beyond the
port of exportation. Source: Guide to Foreign Trade Statistics. http://www.census.gov/foreigntrade/guide/sec2.html#fas_value

Table 2. U.S. Exports of floriculture products to ten TPP countries, 2008 - 2015.
Country
World
Australia
Chile
Indonesia
Japan
South Korea
Mexico
New Zealand
Peru
Singapore
Vietnam
Average*

2008
2009
2010
2011
2012
2013
141,860 142,877 151,096 139,421 106,405 103,487
1935
2389
2075
2144
2474
2645
272
330
526
443
406
468
3
3
4153
7173
6073
6404
5981
6792
1803
2182
2,504
2,154
2,316
1,910
606
674
727
970
815
852
623
527
845
810
803
956
123
309
283
326
400
412
104
14
106
39
85
77
40
70
82
188
0.97
1.52
1.45
1.49
1.66
1.58

*Average in Millions of dollars (mil.$)
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2014
96,238
2,242
463
5729
1,893
1152
901
441
101
240
1.46

2015
Percent
94,583
-33.3
2,105
8.8
474
74.3
-100.0
5506
32.6
2,443
35.5
1016
67.7
993
59.4
458
272.4
71
-31.7
468
450.6
1.50

43

7.7

9

3.7

3.8

4.8

5.5

7

6

7

8
6

8.1
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Figure 1. Average U. S. Exports of Nursery and Tree Products to ten TTP Countries (in
millions of dollars).

1.50
1.00
0.50
0.00

2008

2009

2010

2011

2012

2013

2014

2015

Figure 2. Average U. S. exports of floriculture products to ten TPP countries in millions of
dollars.
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Dormant Applications of Horticultural Oil and Pyriproxyfen for Control of First
Generation Japanese Maple Scale
Karla M. Addesso, Donna C. Fare, Jason B. Oliver and Paul A. O'Neal
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Otis L. Floyd Nursery Research Center
McMinnville, TN 37110
kaddesso@tnstate.edu
Index Words Armored scale, Lopholeucaspis japonica, 'Sun Valley' and 'Karpick' red
maple, Acer rubrum
Significance to Industry Japanese maple scale (JMS), Lopholeucaspis japonica
(Cockerell) (Hemiptera: Diaspididae), has become a significant pest in both container and
field nursery production systems across the eastern United States (1, 2, 3). Current
management recommendations for JMS are a combination of dormant oil applications to
suppress first generation JMS populations followed by trunk sprays in late May or early
June to kill newly emerged crawlers (1, 2, 3). One product that has been effective in
previous field trials against JMS crawlers was the insect growth regulator (IGR)
pyriproxyfen (1). Insect growth regulators interfere with the molting of insects from one life
stage to the next. Most often these products are used to prevent immature insects from
molting into the adult stage but they can also interfere with egg development in some
insect species. We initiated this trial at the urging of the Tennessee nursery industry in
order to determine whether a dormant season application of the IGR pyriproxyfen with
horticultural oil would reduce egg development and/or egg hatch. If effective, a single
pyriproxyfen plus horticultural oil application would reduce the amount of time and labor
required by growers to manage this scale pest compared to two separate applications
during early and late spring used in current management recommendations.
Nature of Work Japanese maple scale feeds on a wide host range of woody plants,
including many high value deciduous trees and shrubs. It has been reported on plants in
at least 28 families and 50 genera (4, 5). Japanese maple scale is an armored scale with
purple soft-body covered by a white, waxy covering that appears similar to an oyster shell.
Beneath their waxy armor, mature females shelter under a brown pupillarial cover - the
shed exoskeleton of the second instar (2, 3). Armored scales do not feed on vascular
tissue (xylem and phloem) as do soft scales, but instead feed directly on plant cell
contents causing structural collapse of the tissues on which it feeds (2, 3). Damage is
often not as severe as soft scales; however, extremely high infestation levels can lead to
branch dieback and plant death (2, 3). When a scale dies, the scale cover can remain
attached to the bark of the tree for many months. The presence of scale covers can result
in rejection of nursery product for aesthetic reasons, regardless of whether the insects are
dead. The protection conferred by the waxy armor, along with their feeding ecology and
overlapping generations, makes this pest difficult to manage. Current control
recommendations include a dormant oil treatment in the fall or early spring and summer
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application of insect growth regulators during crawler activity periods (1). Applications of
systemic dinotefuran (Safari) and imidacloprid (Discus N/G) also provided some control in
various tree species when applied in the spring one month prior to scale crawler activity (1, 3).
In this study, we tested our current dormant management recommendation (2%
horticultural oil) against applications of oil combined with the IGR, pyriproxifen. In addition
to the efficacy and timing of the oil/growth regulator combination, we evaluated the scale
pressure on two cultivars of red maple (Acer rubrum L. - 'Sun Valley' and 'Karpick') with
exposure to JMS in order to determine whether one cultivar was more resistant than the
other.
'Sun Valley' red maple was propagated in summer 2011 and transplanted in spring of
2012 into #3 containers and then repotted into #15 containers in April 2013 with amended
bark substrate. ‘Karpick’ red maple was purchased in #3 containers in April 2014 and
immediately repotted into #15 containers. All plants were placed in a pot-in-pot system
(‘Sun Valley’, 2013 and ‘Karpick’, 2014) until use in this study in March 2016. Trees were
fertilized annually (2014-2016) with a top-dress application of 250 grams of Osmocote Pro
19-5-9 and irrigated daily with micro-spray stake irrigation.
On March 14, 2016, two observers rated trees (n = 250) for JMS pressure with the
following scale: 0 = no visible scale; 1 = localized patch, 10 cm or less; 2 = large patch,
over 10 cm; 3 = multiple patches/trunk and branches (up to 25% tree); 4 = up to 50% of
tree; 5 = over 50% of tree. Scores for the two observers were averaged. After rating, a
random selection of 20 trees with scale was sampled. Live and dead scale counts were
recorded. The sex of each live scale was noted as well as the number of female scales
containing eggs.
Four treatments were made to blocks of trees in the pot-in-pot yard. Treatments were
assigned to tree blocks randomly. On March 17, treatment 1, a dormant oil application
[2% horticultural oil (Ultra-Pure Oil®, St. Louis, MO, 20 ml/L)] was applied to runoff as the
industry standard recommended practice (1, 3). Treatments 2, 3, and 4 consisted of a
combination of 2% horticultural oil and pyriproxyfen (Fulcrum®, OHP, Inc., Mainland, PA,
0.95 ml/L) applied on either March 17, April 1, or April 13, respectively.
Egg production by newly mated females generally begins at the end of April, thus the three
dates chosen (mid-March, early April and mid-April) provided a window for evaluating the
optimal timing of pyriproxyfen.
On April 26, 2016, following all growth regulator applications, a tissue sample was taken
from a sub-sample of trees in each treatment (n = 10). Egg counts (i.e., fecundity) were
made by flipping over 5 live female scales per tree and counting the number of eggs
beneath the scale cover.
Scale crawlers were monitored on trees in each treatment (n = 8) for 4 weeks beginning
May 3rd and ending on May 30th using crawler strips made from 1 inch yellow vinyl tape
coated in a thin layer of petroleum jelly. Crawlers were counted weekly and reported as
crawlers/linear cm/day.
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Results and Discussion On March 14, the scale population on the trees was evaluated.
Scale pressure was higher on 'Karpick' red maples (mean score = 1.7 ± 0.1) than 'Sun
Valley' red maples (mean score = 0.9 ± 0.1) (χ2(1) = 14.9, P = 0.0001). There were more
female than male adult scales (female = 57% and male = 43% of total live scale,
respectively; Z = 3.54, P = 0.0004). On average, 77.4 ± 2.4% scales were alive in midMay. Unexpectedly, eggs were observed under the scale covers of approximately 10.4 ±
2.7% of live female scale covers, which suggests that in addition to overwintered 2nd
instars, JMS developing in late fall in Tennessee may also overwinter as adults with eggs.
Adult and egg overwintering might contribute to the long crawler period observed in
Tennessee, if overwintered eggs hatch first followed by newly laid eggs.
Egg counts were made on April 26. Differences between treatments were observed
(Figure1), but the treatments failed to prevent egg development by females. Scales
treated with pyriproxyfen on March 15 and April 15 had fewer eggs than the March 15
horticultural oil standard treatment. However, scales treated on April 1 with pyriproxyfen
had the same number of eggs as the March 15 horticultural oil standard treatment and
more than the other two pyriproxyfen plus horticultural oil combination treatments
(Figure1).
No differences in crawler numbers were detected among treatments during the first week
of monitoring (May 3-10, Figure 2). Over the following three weeks, however, the 2%
horticultural oil treatment had consistently higher crawler counts than the three
combination oil + pyriproxyfen treatments (week 2: F = 6.74, df = 3, 27, P = 0.0016; week
3: F = 7.71, df = 3, 27, P = 0.0007; week 4: F = 2.8, df = 3, 27, P > 0.0491; Figure 2).
These results suggest pyriproxyfen applications have only a small impact on egg numbers
by late April, but the IGR does negatively impact crawler development within the eggs and
subsequent egg hatch. At peak crawler activity (week 3), crawler numbers were reduced
by 93.7 - 97.4% in the combined dormant oil and pyriproxyfen treatments compared to the
dormant oil industry standard. The timing of the pyriproxyfen does not appear to matter,
so long as it occurs before the end of April when the bulk of egg laying happens. Based
on our results, a combined dormant oil + pyriproxyfen application made between midMarch and mid-April appears to result in the same level of control as a pyriproxyfen
application made directly to the crawler stage (1).
While we did not address the question in this study, it might be possible to apply
pyriproxyfen to scales even earlier - in late winter on a warm day or even in late fall to
prevent female 2nd instars from molting into adults. The timing of the final adult molt in
spring is currently unknown, but based on anecdotal evidence from the current and
previous studies, it is likely that overwintering female JMS molt to their final adult stage
sometime in late February. The adult scales have a much waxier, white coating and are
easier to see than the 2nd instars leading to a phenomenon where trees appear 'clean' in
the fall and then 'covered in scales' in early spring. We suspect it is the final molt of the
adult females that make the scales more apparent for an infestation that was already
present the previous fall.

Entomology Section

48

SNA Research Conference Vol. 61 2016

Acknowledgements We would like to thank Diloney Cuttrell and Megan Patton for
assistance with data collection and OHP for the donation of product. This work was
partially supported by Tennessee State University’s Nursery Research Center through
USDA-NIFA Evans Allen funds and a grant from the Middle Tennessee Nursery
Association.
Literature Cited
1. Addesso, K.M., A. Blalock and P.A. O’Neal. 2016. Japanese Maple Scale activity
and management in field nursery production. J. of Environ. Hort. 34(1):41–46.
2. Fulcher, A., F. Hale and M. Halcomb. Japanese Maple Scale: An important new insect
pest in the nursery and landscape. UT Ext. Pub. W277. (Accessed 5/22/14)
https://utextension.tennessee.edu/publications/Documents/W277.pdf
3. Gill, S. and P. Shrewsbury. Japanese Maple Scale: A pest of nursery and
landscape trees and shrubs. UMD Extension Publication FS-967-2013
(Accessed 5/22/14)
http://extension.umd.edu/sites/default/files/_docs/programs/ipmnet/JapaneseMapleSca
le-UMD-1.pdf
4. Miller, D. R. and J. A. Davidson. 2005. Armored scale insect pests of trees and
shrubs. Cornell University Press, Cornell, NY. pp.276-277.
5. Shrewsbury, P.M, N. M Harding, M. S. Rojas and S. Gill. Japanese Maple
Scale: Woody ornamental host plants. UMD Extension Publication EBR-18
2013. (Accessed 5/22/14)
http://extension.umd.edu/sites/default/files/_docs/articles/EBR18%20Japanese%20Ma
ple%20Scale.pdf

Entomology Section

49

SNA Research Conference Vol. 61 2016

Figure 1. Egg deposition following industry standard dormant oil application (2%) and
dormant oil + pyriproxyfen combination applications on the same day as dormant oil
(March 17th) and on two later dates (Mean ± SEM).

Figure 2. Crawler activity following industry standard dormant oil application (2%) and
pyriproxyfen + dormant oil combination applications (Mean ± SEM).
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Significance to Industry The production of pest and disease free plants and their
maintenance in the landscape takes a concerted effort to obtain the necessary knowledge
and to put that knowledge into practice. The purpose of this document was to provide
growers and landscape managers with some of the basic information that they will need to
manage scales. The SNA Research Conference and its on-line Proceedings are a
valuable source of information on many aspects of plant production and maintenance.
Please share this valuable resource with others in the Green Industry.
Nature of Work Scale insects (scales) are one of the more problematic pest problems in
the nursery and landscape. Scales have piercing-sucking mouthparts called a stylet
(Figure 1) that can rupture plant cells and remove their contents. Damaged foliage results
in a reduction in photosynthesis which can lead to a plant with lower carbohydrate storage
in the roots causing a reduction of a ready source of energy when new growth is required.
Without this energy source, plants cannot grow properly. Feeding damage from hundreds
or even thousands of scales can stress plants by the destruction of plant cells and loss of
plant fluids. This damage can manifest as chlorotic leaf tissue, sunken areas in plant
tissue where cells collapse, branch die-back, and even plant death.
Scales, depending on species, environmental conditions and host quality, can lay varying
numbers of eggs (1). Each adult female elongate hemlock scale can produce 1-24 eggs
annually dependent on temperature and host (2) while tuliptree scale may produce over
3,000 young (3). If conditions are good for egg hatch and survival, populations can build
rapidly. Some types of scales have only one generation per year while others have more
than one generation per year. Knowledge of the biology of each scale species can aid
tremendously in developing a strategy to manage the pest.
Low levels of scales are difficult to detect. This difficulty in detection could be due to their
small size or cryptic nature. For this reason, low levels of scales can sometimes be found
on plants for sale especially if close inspection is not done regularly. Once planted in the
landscape, low infestations build on plants over time and are often not noticed until
populations are approaching or exceeding damage levels.
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There are many types of scales that commonly attack plants. Soft scales, wax scales, felt
scales and the closely related mealybugs feed on fluid in the phloem vascular tissue of the
plant. After digestion, copious amounts of fluid is excreted as sticky honeydew which
primarily contains carbohydrates and amino acids. Tiny droplets of honeydew can
coalesce forming larger drops which can drip on and cover lower leaves and other plant
parts. Black sooty mold fungi grows on the honeydew and can obscure leaves and thus
reduce photosynthesis. Whole plants and anything beneath them can turn black with
sooty mold. The honeydew and sooty mold is also difficult to remove from automobiles,
outdoor furniture etc. and is often the major complaint with these type scales in the
landscape. Some of the common soft scales in the South include cottony camellia scale,
tuliptree scale, magnolia scale, European fruit lecanium scale, oak lecanium scale, pine
tortoise scale, kermes scale, and cottony maple scale. Common wax scales include
Indian wax scale and Florida wax scale. Common felt scales include azalea bark scale
and the new pest of crape myrtle, the crape myrtle bark scale (Figure 1).
Armored scales and pit scales do not produce honeydew and thus sooty mold is not
associated with their infestations on plants (4). Armored scales are often more difficult to
control than soft scales and the other previously mentioned types of scales. The armor or
test is a protective cover composed of excreted wax (5), a non-waxy component and shed
skins or exuviae incorporated during molting (6). For diagnostic purposes, the armor can
be easily scraped off an infested branch or leaf with the tip of a knife to reveal the insect
beneath (7). A few of the common armored scales in the South are oystershell scale,
obscure scale, gloomy scale, euonymus scale, winged euonymus scale, juniper scale,
pine needle scale, white peach scale, San Jose scale, and Japanese maple scale.
Most insecticide spray applications are applied to coincide with the emergence of the
crawler or first instar stage from the eggs. The crawlers lack armor initially and are the
most susceptible to direct contact by insecticide sprays. These tiny crawlers are also
more susceptible to insecticide toxicity due to their less developed mixed oxidase systems
that allow insects to metabolize chemicals including some insecticides. Crawlers move
about for a short time before settling on the plant to start feeding. While meandering, they
increase the probability of contacting the insecticide residue deposited on the plant and
subsequently being killed. Crawlers start to form their armor prior to molting to the second
instar stage. The armor thickens with successive molts and can shield the body of the
insect from insecticide sprays. Thus, systemic or translaminar insecticides absorbed by
the plant are often more effective at directly reaching the insect as it feeds. Armored
scales use their stylet to penetrate, rupture and feed on the contents of various kinds of
cells and thus do not ingest large quantities of fluid (6). Since soil or trunk applied
systemic neonicotinoid insecticides move upward primarily in the xylem vascular tissue,
these insecticides need to diffuse from the xylem to surrounding cells and intracellular
spaces where armored scales are feeding. Dinotefuran (Safari 2G, Safari 20 SG, Zylam
Liquid, Transtect 70 WSP) is one of the most water soluble of the neonicotinid
insecticides. This high water solubility is thought to allow dinotefuran to move more easily
from the xylem to the surrounding storage cells in which the armored scale feed.
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The timing of insecticide sprays to coincide with crawler emergence is made easier by
deploying small sticky traps. Sticky traps for crawlers can be made by wrapping scale
infested twigs with a couple wraps of double-sided cellophane tape. Single-sided tape
such as electrical tape can be given a sticky outer surface by wiping a very thin layer of
petroleum jelly on the tape after it has been wrapped on the twig. If the color of the
predicted crawler is red (crape myrtle bark scale, pine needle scale), purple (Japanese
maple scale) or other dark color, use white or some other contrasting light color tape. If
the crawlers are light yellow, black tape might provide more contrast.
Mark your trap locations by tying a couple feet of colorful flagging tape to the twig. Check
the sticky traps for crawler emergence a couple times each week if possible. Some types
of scales will have most of the crawlers emerge within a day of each other. Others, such
as Japanese maple scale, tend to emerge over several weeks. Put a new sticky trap on
the twig five days after the initial crawler emergence. Check the trap in a couple days and
make a second insecticide application if a new batch of crawlers are caught on the new
sticky trap. Repeat with a new trap until new crawlers are no longer caught. Consult with
your university Extension entomologist to determine if another generation is predicted to
emerge in the coming weeks or months and place a new trap 2-4 weeks prior to the
expected emergence. Continue to monitor regularly.
Spray applications targeting the crawler stage should utilize insecticides that are less toxic
to beneficial insects whenever possible. One group of insecticides that are particularly
well suited for a spray application are insect growth regulators (IGR). An IGR acts on the
immature stage of the insect so that it becomes nonfunctional or dies before reaching
adulthood. Two IGR insecticides that are particularly effective against immature scales
are pyriproxifen (Distance IGR, Fulcrum) and buprofezin (Talus 70DF).
The systemic neonicotinoid insecticides have been a useful tool in managing established
scale infestations. Most of these insecticides can be applied as a soil drench for root
uptake or as a spray application to the above ground plant parts. The use of soil drench
application has made timing less of a critical issue typically applied prior to when crawler
emergence is anticipated. If a large tree is treated, the soil drench might need to be
applied a month or two prior to crawler emergence to make sure that the insecticide has
time to move up into the tree in sufficient amounts to control the scales.
Beneficial insects such as predaceous lady beetles and parasitoid wasps often achieve
some level of scale control when they are not compromised by the non-judicious use of a
broad-spectrum insecticide. Beneficial insects are often more sensitive to insecticide
applications than the pest. When most of the beneficial insects are inadvertently killed, the
surviving pest insects often reproduce without the regulatory effect of the beneficial
insects. The resulting pest resurgence can result in pest populations that are even higher
than when the insecticide was first applied. Thus, the non-judicious use of insecticide can
sometimes make the pest problem worse than if no control actions were taken.
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There has also been some concern about minute amounts of the systemic insecticide in
treated plants being contained in the nectar and pollen. Potentially, this could cause acute
or more likely subacute effects in pollinators that visit the flowers of treated plants. If this
is a concern, consider using the neonicotinoid or other insecticide as a spray application
after the bloom period of the plant. One negative of using a spray instead of a drench is
the high potential for insecticide drift which can impact pollinators and other non-target
insects with a lethal concentration of insecticide. High drift potential often precludes the
use of insecticide sprays of medium to large trees in the landscape. If spraying is not a
good option, consider using a faster moving neonicotinoid such as dinotefuran as a soil
drench or a concentrated trunk spray after bloom. Either of these methods will quickly
move the insecticide into the plant to be translocated upward in a short period of time.
One underutilized control option is the use of horticultural oil applications during the
dormant period of the plant. Scale insects overwinter on the plant primarily as immature
nymphs or adults (5). Targeting the overwintering stage of scales with horticultural oil will
usually result in reduced spring populations. Also, many beneficial insects will not be
adversely impacted by the horticultural oil since they may not be active and/or on the plant
at that time of year. The horticultural oil solution is only toxic to the insects that it contacts
when first sprayed (what you hit is what you get). The dried residue is not significantly
toxic to scale or beneficial insects.
The dormant period gets shorter as you move south which compresses the window of
opportunity to apply a horticultural oil spray. Also, since most insects become active when
temperatures reach 50°F (10°C) or above, predators such as lady beetles may start to
feed on scales and exert a level of control in the late winter or spring. Horticultural oil
should not be used if significant populations of beneficial insects are found on the plant
and are actively feeding on scales during the dormant or delayed dormant period of the
plant.
Approach the management of scales from an integrated pest management (IPM)
perspective. It is usually going to take more than one type of control to manage an
infestation. Follow oil sprays made during the dormant period with crawler targeted sprays
in the spring or summer (whenever crawlers become active). If more than one generation
occurs, target the crawlers at each generation until a high level of control has been
achieved. A soil applied systemic insecticide can be used as an alternative to crawler
directed sprays. For hard to control scale infestations, a spring application of a soil
applied systemic insecticide can be followed by a crawler directed IGR insecticide
application for the emergence of each generation of crawlers. Consider using horticultural
oil sprays each dormant period as a maintenance spray to keep scale populations low and
easier to manage.
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Figure 1. Lateral view of crape myrtle bark scale, Acanthococcus (=Eriococcus)
lagerstroemiae Kuwana (Hemiptera: Eriococcidae), with stylet visible.
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Significance to the Industry Imported fire ants (IFA) are a significant pest in agricultural
crops and are a health hazard for humans and other animals. Insecticide treatments have
been developed for containerized nursery crops shipped outside of the quarantine area,
yet container substrates can vary and may reduce effectiveness of treatments. In this
study, whole pine tree (WPT) substrate incorporated with granular bifenthrin was
evaluated for efficacy against hybrid and red IFA. We demonstrated WPT substrates
treated with labeled rates (10 and 15 ppm) of bifenthrin provided excellent control of hybrid
and red IFA after a six month period. The study will be continued for a total of 18 months
to determine long term effectiveness.
Nature of Work Nursery crop producers in the IFA quarantine area are required to treat
nursery stock being shipped out of the quarantine area. Approved IFA treatments for
containerized nursery stock include dip, drench, and granular incorporation application
methods depending on the selected product. Granular incorporation applications have a
certification period up to 24 months depending on the dosage used, yet application rates
are based on substrate bulk density (5). Granular incorporation is commonly used due to
ease of application and extended certification period, but granular bifenthrin products are
currently the only materials available for treating IFA via substrate incorporation.
The efficacy of substrate-incorporated granular products for IFA treatments were
determined using pine bark (PB) substrates, but many nursery crop producers amend
container substrates with other components including sand, compost, and wood-based
materials. Wood-based materials sourced from pine tree (Pinus taeda) harvesting
operations have become more readily available and increasingly used in substrates for
container production. These materials vary greatly in particle size which can affect water
and nutrient retention leading to reduced crop growth and quality, but these issues can be
minimized by modifying substrate physical properties and adjusting fertilizer and irrigation
practices (1, 2, 3). The effectiveness of substrate-applied insecticides has not been
reported in wood-based substrates and nursery crop producers need to be assured the
products will be effective regardless of the substrate used. The objective of this study was
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to evaluate the efficacy of substrate-incorporated bifenthrin for hybrid and red IFA in WPT
substrates.
This study included non-amended PB and WPT substrates. Pine bark substrate was
acquired locally (Auburn, AL) while WPT substrate was processed using an industrial
hammer mill (Meteor Mill #40; Williams Patent Crusher and Pulverizer Co. Inc., St. Louis,
MO) fitted with a 0.95-cm (0.38 in) screen. The two substrates were used alone (PB0 and
WPT0) or uniformly incorporated with one of two rates [10 ppm (PB10; WPT10) or 15 ppm
(PB15; WPT15) of granular bifenthrin (0.2% bifenthrin ; Talstar Nursery Granular, FMC
Corp., Philadelphia, PA) using a skid-steer drum mixer (Star Industries, Fort Worth, TX).
Substrate bulk density was determined prior to the study for PB [205 kg·m-3(345 lb·yd-3)]
and WPT [171 kg·m-3 (288 lb·yd-3)] to calculate bifenthrin application rates. On August 26,
2015, trade gallon (2.8 L) containers were filled with substrate, placed on an outdoor
container production pad, and overhead irrigated every 2 days. Irrigation application rate
was based on a 20-30% leaching fraction for each substrate, measured weekly for
adjustments. There were a total of six treatments, each with six replications (six individual
containers) per sampling date and arranged in a randomized block design. Substrate
samples (20 ml per container) for IFA bioassays were collected at 0, 1, 3, and 6 months
after incorporation (MAI) and a different set of containers were used at each sampling
date.
Imported fire ant bioassays were conducted using protocols developed by the APHIS
Center for Plant Health Science and Technology Biloxi Station (4). Hybrid IFA (Solenopsis
richteri Forel) workers (20 per replication) were assayed at each sampling date, while red
IFA (Solenopsis invicta Buren) alates (10 per replication) were assayed at 6 MAI. Hybrid
IFA were collected from fire ant colonies in middle Tennessee, while red IFA were
collected from colonies in Gainesville, FL. Imported fire ant survival was recorded at 7 and
14 days after sampling (DAS). Hybrid IFA were confirmed using Gas Chromatography Mass Spectrometer (GC-MS) based on the profiles of worker venom alkaloids and
cuticular hydrocarbons that define status as red IFA, black IFA or their hybrid (data not
shown). Hybrid IFA survival data were analyzed with linear models using the GLIMMIX
procedure of SAS (Version 9.3; SAS Institute, Inc., Cary, NC). Differences between
treatment means were determined using the Shaffer-Simulated method (P < 0.05).
Results and Discussion Hybrid IFA survival was greater in WPT0 and PB0 compared
with all the treated substrates for each sampling date (Table 1). At 7 DAS across all
sampling dates, hybrid IFA survival ranged 98 to 99% in WPT0 and 76 to 83% in PB0.
The lower survival in PB0 was not ideal, but may be attributed to differences in moisture
content between the substrates during the assay period. The 10 and 15 ppm rates of
bifenthrin were highly lethal for hybrid IFA at 7 DAS for both substrates at each sampling
date. Red IFA survival was 95% for PB0 and WPT0 at 7 DAS (6 MAI) while treated
substrates were highly lethal for red IFA at 14 DAS (<2%) (Table 2).
A clear delineation of IFA survival was made between treated and non-treated substrates,
providing evidence that IFA (hybrid and red) could be effectively controlled in WPT
substrates for six months using currently approved incorporation application rates of
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bifenthrin. The current study is still in progress and samples will be collected at 9, 12, 15,
and 18 MAI to determine overall effectiveness and longevity of the treatments. Future
efficacy trials of substrate-applied insecticides for control of other quarantine pests (such
as Japanese Beetle) in WPT substrates would provide valuable information for nursery
crop producers and regulatory officials.
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phis.usda.gov/plant_health/plant_pest_info/fireants/downloads/IFA_nursery.pdf>
Table 1. Mean survival (%) of hybrid imported fire ant (Solenopsis invicta Buren) at 7 and
14 days after exposure to pine bark and whole pine tree substrates incorporated with
bifenthrin (Talstar Nursery G; 0.2% bifenthrin) at 0, 10, or 15 ppm.
0 MAIz

1 MAI

3 MAI

6 MAI

Rate
7d
14d
7d
14d
7d
14d
7d
14d
y
0
83 b
59 b
82 b
61 b
79 b
71 b
76 b
68 b
Pine bark
10
0c
0c
2.5 c
1c
0c
0c
0c
0c
15
0c
0c
0c
0c
0c
0c
0c
0c
0
98 a
87 a
98 a
88 a
99 a
97 a
99 a
99 a
Whole pine
10
0c
0c
2c
0c
0c
0c
0c
0c
tree
15
0c
0c
0c
0c
0c
0c
0c
0c
z
Months after incorporation (MAI).
y
Means followed by different letters within columns indicate significant difference at
P < 0.05 using the Shaffer-Simulated method.
Substrate
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Table 2. Mean survival (%) of red imported fire ant (Solenopsis richteri Forel) at 7 and 14
days after exposure to pine bark and whole pine tree substrates incorporated with
bifenthrin (Talstar Nursery G; 0.2% bifenthrin) at 0, 10, or 15 ppm.
6 MAIz
Substrate

Rate
7d
95
0
6.67
Pine bark
10
3.33
15
95
0
Whole pine
1.67
10
tree
0
15
z
Months after incorporation (MAI).
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93.3
0
1.67
90
0
0
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Evaluation of Bifenthrin in Controlling Tawny Crazy Ants (Nylanderia fulva)
in Container Substrates
Jeremy M. Pickens and L.C. “Fudd” Graham
Auburn University: Ornamental Horticulture Research Center
P.O. Box 8276, Mobile, AL 36689
pickejm@auburn.edu
Index Words Invasive, quarantine
Significance to the Industry Nylandaria fulva (Tawny Crazy Ant) is becoming a
significant pest in the Southeast. N. fulva is native to South America and has been
reported in every Gulf Coast state and Georgia. Similar to the Imported Fire Ant
(Solenopsis invicta), N. fulva has the potential to be spread through movement of
containerized plant material. In Alabama, N. fulva is limited to an isolated areas, Mobile
and Baldwin Counties, however growers have expressed concerns about the potential
problems that could occur if this ant invades their nurseries. The goal of this study was to
evaluate if incorporation of the contact insecticide bifenthrin into the media would prevent
N. fulva from infesting container plant material. This practice is already widely used to
comply with the Federal Imported Fire Ant Quarantine (FIFAQ).
Nature of Work Currently growers wishing to ship outside of the quarantine zone are
required to treat for fire ants through one of the following four options (2):
1) Immersion or dip treatment (Field Grown)
2) Drench treatment (container grown)
3) Topical treatment (container grown)
4) Incorporation of granular insecticides into potting media (container grown)
The majority of container nurseries utilize the incorporation of bifenthrin to comply with
federal imported fire ant quarantine regulations. Application rates are dependent on
certification period and media bulk density. A continuous rate (> 2 years) of 25 ppm
bifenthrin may be used if all Imported Fire Ant Free Nursery Program Regulations are met
(2). Bifenthrin has been shown to repel S. invicta at 25 ppm (3). Through personal
experience N. fulva was observed to be readily killed but not repelled when bifenthrin was
applied to mineral soil as a barrier treatment in the landscape.
To evaluate incorporated bifenthrin effectiveness in the control of N. fulva in containerized
plants, treated media was potted and placed in an infested area. The following treatments
were potted on August 22, 2016: 0, 12.5 and 25 ppm bifenthrin (Talstar® Nursery
Granular Insecticide, FMC Corporation, Philadelphia, PA). In addition to these treatments
a local nursery requested that their common rate of bifenthrin be evaluated with media
from their nursery that had been treated with 2.1 kg/m3 (3.6 lbs./yd3), estimated to be 15
ppm bifenthrin. The 0, 12.5, 15, and 25 ppm were placed under overhead irrigation for
240 days (August 22, 2015) to simulate leaching that would occur under normal nursery
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production. To evaluate freshly applied bifenthrin, two additional treatments with rates of
12.5 and 25 ppm were placed under irrigation for 14 days prior to initiating the study.
Treatments were potted in trade gallon nursery pots. The study was arranged in a
randomized complete block design with 6 treatments and 26 blocks with each block placed
in a 6 cell pot tray. The bottom of each cell was cut out to allow pot contact with the
ground. On April 19, 2016, treatments were moved to the area infested with N. fulva.
Blocks were randomly placed in wooded areas at the infested site. In order to provide
harborage for ants, styrofoam plates were placed on the top of each container and held in
place using a metal nail. The number of pots infested with N. fulva were counted at 30, 50
and 75 days after placing the containers in the infested area. Pots were deemed infested
if ants were observed freely moving in and out of the pot drainage holes.
Results and Discussion N. fulva, when established, can have population densities so
large that most accessible surface areas have ants present at some level. Due to
overwhelming population densities, it was difficult to determine if ants were infesting pots
or were present by chance. Ants and brood were observed between the pot and the pot
tray across all treatments but were more prevalent in the treatment with 0 ppm bifenthrin
and the media from the local nursery (Table 1). N. fulva were not observed nesting in soil
under the foam plates throughout the study. Results from this study suggest that current
bifenthrin rates used to comply with the Federal Imported Fire Ant Quarantine are not
effective in repelling N. fulva. Future laboratory trials may provide better precision in
determining if higher rates are more effective. More work is needed to evaluate other
insecticides that could be incorporated into nursery media to repel or kill N. fulva.
Currently incorporating a granular insecticide with a long residual is the least expensive
treatment for controlling ant pests in container nurseries. Tefluthrin, chlorpyrifos, and
fipronil are authorized as container treatments, but of those, only chlorypyrifos has
commercial labels permitting its use in container production (1).
Literature Cited
1. Animal Plant Health Inspection Service. 2016. Labels available for use in IFA
Quarantine.
https://www.aphis.usda.gov/plant_health/plant_pest_info/fireants/downloads/IFA_
QuarantineLables.pdf (last accessed 7/30/16).
2. Animal Plant Health Inspection Service. 2015. Imported Fire Ant: Quarantine
Treatments for Nursery Stock, Grass Sod, and Related Materials. APHIS 81-25-001.
(Updated 2015).
3. Oi, D.H. and D.F. Williams. 1996. Toxicity and Repellency of Potting Soil Treated with
Bifenthrin and Tefluthrin to Red Imported Fire Ants (Hymenoptera: Formicidae). J.
Econ. Entomol. 89(6) 1526-1530.
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Table 1. Percent of pots infested with Nylanderia fulva per treatment by sampling date.
Z

Bifenthrin (ppm)

Y

Leached/Fresh

X

30 DAP

50 DAP

75 DAP

12.5

Fresh

38%

24%

46%

25

Fresh

38%

32%

50%

15W

Leached

69%

52%

73%

12.5

Leached

19%

24%

50%

25

Leached

42%

24%

31%

0

Leached

77%

56%

65%

Z

Bifenthrin concentration calculated based on bulk density of media.

Y

Leached treatments were placed under irrigation for 240 days and fresh 14 days prior
to placement.
X

DAP represents days after placement of pots in infested area.

W

15 ppm was based on estimated bulk density of local nursery's potting media using
their application rate of 2.1 kg/m3.
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Biosolids-based Fertilizer Performance in Annuals Trials
W.B. Evans and S.R. Broderick
Mississippi Agricultural and Forestry Experiment Station, Truck Crops Branch Experiment
Station. P.O. Box 231, 2024 Experiment Station Rd., Crystal Springs, MS 39059
bill.evans@mssstate.edu
Index Words Dianthus, kale, petunia, sewage sludge, soil amendments, Swiss chard
Relevance to the Industry This project shows that nursery and landscape professionals
can successfully use properly vetted biosolids as part of their suite of fertilizer and soil
amendment choices in landscape installations. With a few modest exceptions, growth and
flowering of all species provided with adequate amounts of biosolids application was
comparable to that seen with conventional or slow release fertilizer. Other than perhaps
the bulkiness of biosolids relative to other fertilizers and the possible negative impacts of
over application, as seen with dianthus, we saw no significant negative aspects of the EQ
biosolids used in this study. Biosolids provide organic matter that can improve soil
structure, along with macro- and micro-nutrients for plant growth. In addition, any EQ
biosolids meet stringent USEPA rules for heavy metals and pathogen content, minimizing
safety concerns.
Some possible large volume uses for EQ and Class A biosolids include right-of-way
plantings, park and recreation development, and new construction installations. For
smaller volumes, local biosolids may be appropriate as complete or partial replacements
for other natural or synthetic fertilizers in container or pack production, something we are
still investigating. EQ biosolids can also be bagged and sold or blended into production
substrates and sold (1). Biosolids users should ask to see independent lab tests and only
work with products meeting the horticultural, client and business needs of a particular
situation. Some markets will welcome the appropriate use of this societal by-product as a
cost-efficient and helpful part of integrated environmental management. Still others may
have unalterable concerns about biosolids application, despite the permitting, testing, and
regulations surrounding it.
Introduction Biosolids is a term describing the dried solid residuals of sewage
processing. Sewage residuals tend to be rich in plant nutrients and high in organic matter
which makes them good candidates for fertilizer and soil amendment uses. Indeed, they
are used throughout the world to fertilize farmland and ornamental production and
landscape installations. However, they can also contain heavy metals and human
pathogens. Because of variation in quality across the nation, some care must be
exercised when selecting and using biosolids.
The production, handling and use of biosolids are highly regulated in the United States. At
the national level, the U.S. Environmental Protection Agency (USEPA) regulates sewage
disposal, handling and processing. There are also additional regulations at the state and
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local level. In Mississippi, the state Department of Environmental Quality regulates water
treatment facilities and issues permits and Beneficial Use Determinations (BUDs) for land
application of biosolids.
Despite the myriad of regulations and laws, there are several common traits outlined in
USEPA regulations that make a local study of biosolids for agricultural application relevant
across production zones. To classify biosolids, producers or processors are required to
submit samples for testing by certified laboratories to document regulated pollutant/metals
concentrations, pathogen content, and vector attraction. The USEPA separates biosolids
into two main regulated classes: A and B. Class A, Exceptional Quality (EQ) biosolids can
be made by meeting a stricter subset of standards for pollutants, and mitigation of odors
and fly populations within the standards for Class A biosolids. The USEPA writes that “EQ
biosolids are considered a product that is virtually unregulated for use,…” (1). Class B
biosolids, which may have lower standards for pollutant and pathogen content, have
significant timing and handling restrictions on their application and can never be used for
residential applications (1). The environmental quality of Class A biosolids is consistent
among municipalities across the nation because they all must meet specific safety
standards outlined by the USEPA. For this study, we tested the landscape performance of
four annual crops using two synthetic fertilizers and four rates of a locally available EQ
biosolid product.
Materials and Methods Biosolids were acquired from the City of Clinton (Mississippi)
Department of Public Works in September 2015. The biosolids were EPA Class A, EQ (1)
derived from the city’s sanitary sewer system, much of which is separated from the storm
sewers. The product from Clinton falls under a BUD issued by the state of Mississippi, as
well. Clinton is a mostly residential suburb of Jackson, with little industrial or urban
contribution to the sewer system in-flow. In Clinton’s sewage processing system, sludge is
removed from lagoons after primary and secondary treatment steps of screening, treating,
flocculating, settling and dewatering. The city then uses the Thermo-System (Parkson
Co., Fort Lauderdale, FL) to complete the processing into EQ biosolids. In this system,
the processed solid fraction is removed from the dewatering system and spread on
concrete floors in large, ventilated greenhouses to a depth of 1 ft. The solids are stirred
daily by autonomous, programmed tilling machines (Electric Moles®, Parkson), exposing
them to the drying sunlight and sanitizing UV rays. After six weeks, the product is
removed from the greenhouse and held in static piles on site for later dispersal to area
farmland or the landfill. We took delivery of approximately 10 cu. yd. of the fully processed
EQ biosolids for our experiments. We used plant nutrient content data provided by the
City of Clinton to calculate application rates. Test results provided by the City of Clinton
from an independent lab indicated that the material was well below regulatory standards
for concentration of arsenic, mercury, lead, and several other regulated metals.
The influence of EQ biosolids was tested on four fall planted annuals: dianthus (Dianthus
chinensis x barbatus cv. Floral Lace Cherry), petunia (Petunia x hybrida cv. Dreams Coral
Morn), kale (Brassica oleraceae var. acephala, cv. Pidgeon White), and Swiss chard (Beta
vulgaris Cicla Group, cv. Bright Lights), of which dianthus, chard and kale are edible
landscape plants.

Field Production Section

65

SNA Research Conference Vol. 61 2016

We pre-bedded field rows 6 in. tall and 24 in. wide, set 6 ft. apart. Fertilizer and
amendment treatments were applied by hand in a wide band to the top of the pre-bedded
area of each plot, after which, the beds were reworked with the commercial bed shaper
mulch layer to incorporate the products. Treatments 1-4 included: 2, 8, 14 and 20 t/a
biosolids (as delivered weight), with an estimated nitrogen (N) availability of 50% of total N
during the study period; a conventional fertilizer blend applied to provide 100 lb/a N (trt 5)
and to mimic the nitrogen:phosphorus:potassium ratio (N:P:K), a 15-9-12 slow release
fertilizer (Osmocote®, Scotts-Miracle Gro, Marysville, OH) (trt 6) applied to provide 100 lb/a
N. The synthetic fertilizer ratios were selected to approximate the N:P:K ratio of the
biosolids, which was very close to 5:3:4. During this pass, high-flow drip irrigation tape
with 12-inch emitter spacing (Aqua-Traxx, The Toro Co., Bloomington, MN), was placed
under black polyethylene mulch in the center of the bed, approximately 2 in. below the soil
surface. Ten plants of each crop were transplanted to the center of the beds, resulting in
four sub-plots in each amendment main plot. A 10-foot gap was left in the row between
main plots to minimize N movement among plots.
Plants were grown out to landscape finish through early December, when the study was
terminated. The plants were sampled for height, growth index [((longest width +
perpendicular width)/2) + height)/2], and flower count at 43 and 56 days after transplanting
(DAT). Half of the plants in each sub-plot were harvested by clipping at the soil line at
each of these two dates and their whole shoot fresh and dry weights were determined.
Dry weights were recorded after drying at 65°C in a forced air oven.
The experimental design was a randomized complete block design with a split-plot
arrangement of treatments. There were four replications, six amendment/fertilizer main
plots, and four crop sub-plots within each main plot. Data were initially analyzed with
PROC ANOVA, PROC GLMIX, PROC MIXED, or PROC REG, as appropriate, using SAS
(SAS Inst., Cary, NC).
Results and Discussion The season was unusually warm and dry. Application of the
biosolids was easy and proved less dusty and produced less odor than many organicallybased fertilizers we have tested. From transplanting to termination, all plots grew well and
there were few disease or insect pressures that influenced the trial. Less than 1% plant
loss occurred during the growing period, although there seemed to be a negative influence
of the highest rate of biosolids (20 t/a) on establishment of the dianthus which exhibited
poor early vigor and some death in that treatment in all replications.
Growth index (GI) for dianthus was greatest in the 2 t/a biosolids and the slow release
fertilizer treatment. Higher application rates of biosolids reduced growth indexes. Similar
results were seen in Swiss chard, where the 8 and 20 t/a biosolids treatments produced
smaller GI than the other treatments (Fig. 1). The trends in kale and petunia were less
clear, with no significant differences seen in kale GI among treatments, and marginal
differences seen between the conventional fertilizer treatments and two of four biosolids
treatments in kale.

Field Production Section

66

SNA Research Conference Vol. 61 2016

Flower counts in petunia and dianthus were similar for all treatments on each date tested,
with dianthus flowering beginning a week to ten days after that for petunia (data not
shown).
At 43 DAT, there were no differences in total shoot dry weight within species due to
fertilizer source or rate, except in Swiss chard (Fig. 2). The two lowest rates of biosolids, 2
and 8 t/a applied to Swiss chard, produced less dry matter than the synthetic sources of
fertilizer, while the two highest rates produced similar amounts of dry matter to both the
lowest rates of biosolids and the two synthetic sources.
Overall, landscape performance was very similar for all crops across all fertilizer
treatments. There was a bit of damage to dianthus at the highest rate of biosolids but we
suspect that a different placement technique that kept the biosolids from being quite as
concentrated in the planting zone would reduce transplant damage. There was also an
indication that Swiss chard did not have adequate N availability late in the test period at
the lowest rate of biosolids tested and may require supplemental N if lower biosolids rates
are used. However, in all cases, biosolids were able to grow crops with consistent growth,
vivid coloration and, for petunia and dianthus, flowering equal to that provided by the
synthetic fertilizers used for comparison.
This publication is a contribution of the Mississippi Agricultural and Forestry Experiment
Station. This material is based upon work that is supported by the National Institute of
Food and Agriculture, U.S. Department of Agriculture, Hatch project under accession
numbers 0209485 and 1006346.
Literature Cited
1. USEPA, 1994. A plain English guide to the EPA Part 503 biosolids rule. EPA/832/R93/003 September 1994. < https://www.epa.gov/sites/production/files/201505/documents/a_plain_english_guide_to_the_epa_part_503_biosolids_rule.pdf>
Accessed July 15, 2016.
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Figure 1. Growth index of four crops 29 DAT in response to fertilizer treatments.
(Conventional = 670 lb/a of 15-9-12 blend of ammonium sulfate, triple super phosphate
and potassium chloride; 670 lb/a 15-9-12 Osmocote® slow release fertilizer; or 2, 8, 14 or
20 t/a biosolids). Within species, bars with no common letters are significantly different
from one another at the p < 5% level, bars without letters are nonsignificant.
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Figure 2. Influence of fertilizer source and rate on whole shoot dry weight in four species,
43 days after transplanting. (Conventional = 670 lb/a of 15-9-12 blend of ammonium
sulfate, triple super phosphate and potassium chloride; 670 lb/a 15-9-12 Osmocote ® slow
release fertilizer; or 2, 8, 14 or 20 t/a biosolids.). Within species, bars with no common
letters are significantly different from one another at the p < 5% level, bars without letters
are nonsignificant.
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Screening Photosynthetic Performance of Bedding Plants Using
Chlorophyll Fluorescence
Geoffrey Weaver and Marc W. van Iersel
Department of Horticulture, University of Georgia, 1111 Miller Plant Sciences Building
Athens, GA 30602
gmweaver@uga.edu
Index Words Supplemental lighting, photosystem II, electron transport rate
Significance to Industry Supplemental lighting can be used to improve plant quality and
speed production cycles for floricultural crops. Although supplemental lighting generally
increases production costs due to its high energy requirements, newly-developed lighting
strategies have the potential to greatly reduce this expense. However, understanding
crop-specific light use dynamics is necessary in order to maximize the efficiency of
supplemental lighting systems. In this study, we used diurnal chlorophyll fluorescence
monitoring to evaluate the light use efficiency of three bedding plant species. Geraniums,
petunias, and impatiens were continuously monitored over 24-hour periods using a
chlorophyll fluorometer and quantum sensor to determine the efficiency of photosynthetic
light use (ΦPSII), the intensity of photosynthetically-active light (photosynthetic photon flux;
PPF), and the electron transport rate (ETR), a proxy for photosynthesis. For all species,
ETR increased as PPF increased up to a maximum ETR, with little or no increase at
higher light intensities. This was due to a decrease in ΦPSII at higher PPFs. Impatiens had
lower ETRs and ΦPSII than geraniums and petunias at PPFs greater than 200 µmol∙m-2∙s-1.
Similarly, geraniums and petunias reached ETRs of 100 ±10 µmol∙m-2∙s-1 at much lower
PPFs than impatiens. Diurnal chlorophyll fluorescence monitoring is an effective means of
determining crop-specific light requirements.
Nature of Work The use of supplemental lighting for floricultural crops can speed
production cycles and improve plant quality. Gianino and van Iersel (1) recently
developed a supplemental lighting control system that provides additional light only up to a
pre-defined PPF threshold, automatically dimming when ambient light intensity increases,
and brightening when it falls below the desired level. Preliminary results from greenhousegrown begonias have shown that this approach to supplemental lighting control can
improve plant growth and quality with minimal energy expense (our unpublished results).
Plant responses to light intensity vary among species, and are affected by growing
conditions (2, 3). Therefore, to optimize supplemental lighting control systems it is
necessary to understand the photosynthetic performance of individual species within a
specific production environment (4). Chlorophyll fluorescence measurements are a rapid
and non-destructive means of determining photosynthetic light use efficiency (5). The aim
of this study was to evaluate diurnal chlorophyll fluorescence monitoring as a method for
screening the light use efficiency of different floricultural crop species under realistic
growing conditions.
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Photosynthetic performance of three commercially-important bedding plant species was
evaluated in a glass-covered greenhouse in Athens, GA, during January and February,
2016.
Geranium (Pelargonium × hortorum ‘Maverick Violet’), petunia (Petunia × hybrida ‘Daddy
Blue’) and impatiens (Impatiens walleriana ‘Super Elfin XP Violet’) seeds were germinated
in plug trays and transplanted into 6 inch (15 cm) round pots filled with a peat:perlite
substrate (Fafard 1P; Sun Gro Horticulture, Agawam, MA) two weeks after germination.
Plants were watered daily and fertilized weekly with a 200 ppm N liquid fertilizer (15-5-15
Cal-Mag; Everris, Marysville, OH). Continuous chlorophyll fluorescence measurements
were taken 6 to 8 weeks after transplanting using a chlorophyll fluorometer and attached
leaf clip with quantum sensor (JUNIOR-PAM, Heinz Walz; Effeltrich, Germany). Leaves
were measured once every ten minutes during the day and once an hour at night over 24hour periods; this was repeated five times for each species. Chlorophyll fluorescence
measurements were used to determine the quantum yield of photosystem II (ΦPSII), a
measure of the efficiency with which absorbed light is used by plants to drive
photosynthesis (6). Electron transport rate (ETR) was calculated from ΦPSII and PPF using
the following equation: ETR= ΦPSII × PPF × 0.84 × 0.5.
Results and Discussion Generally, ΦPSII decreased and ETR increased up to a
maximum ETR as PPF increased, as demonstrated over the course of a single day of
measurements with geranium and impatiens (Fig. 1). This asymptotic response of ETR to
increasing light intensity occurs because plants use light less efficiently (ΦPSII decreases)
as they receive more light. Since excess light energy can cause damage to the
photosynthetic apparatus, some of the light absorbed by a leaf is dissipated as heat and
not utilized for the light reactions of photosynthesis. As light intensity increases, a larger
proportion of the absorbed energy is lost as heat, and photosynthesis becomes less
efficient (lower ΦPSII) (7, 8). Thus, providing supplemental light at supra-optimal intensities
will have little or no positive effect on photosynthesis and growth, but could instead
damage the photosynthetic apparatus and decrease photosynthetic efficiency.
Compared to geraniums, impatiens consistently had a lower ETR and ΦPSII at light
intensities above 200 µmol∙m-2∙s-1, and similar ETR and ΦPSII at light intensities below 200
µmol∙m-2∙s-1 (Figure 1). This indicates that, although impatiens are generally considered to
be shade plants, they do not use low-intensity light more efficiently than sun-loving
geraniums. Rather, these results suggest that impatiens have an inherent inability to
utilize higher light intensities. This is likely related to limitations in the photosynthetic
carbon reactions because the signal which initiates heat-dissipative processes is
generated when the light reactions proceed at a faster rate than carbon fixation (9).
During the course of this study, maximum daily PPFs were 130 to 1,360 µmol∙m-2∙s-1
(mean 802 ± 439 µmol∙m-2∙s-1). This is generally lower than would be observed under full
sunlight conditions during the growing season but well within the range of light intensities
that could be provided using supplemental lights. Table 1 illustrates the mean PPF and
ΦPSII at which each species reached an ETR of 50, 100, and 150 (±10) µmol∙m-2∙s-1. All
three species reached ETRs within the range of 50 ± 10 µmol∙m-2∙s-1 at a similar PPF (200
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to 220 µmol∙m-2∙s-1) and ΦPSII (0.5 to 0.59). Impatiens had ETRs of ~100 µmol∙m-2∙s-1 at a
PPF of 1039±153 µmol∙m-2∙s-1 and ΦPSII of 0.23 ± 0.03, while geraniums and petunias
reached such ETRs at much lower light intensities with higher values of ΦPSII (Table 1).
Since ETR correlates to the overall rate of photosynthetic carbon fixation and is likely
correlated to growth rate (5), supplemental light intensities should be controlled within
ranges that allow plants to use light most efficiently (high ΦPSII). Thus, optimal
supplemental light levels for impatiens are lower than those for petunia and geranium.
The results of this study demonstrate that diurnal chlorophyll fluorescence monitoring can
be used to understand light use efficiency of different crop species under actual growing
conditions, and could be a valuable tool for developing supplemental lighting control
regimes.
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production. Proc. SNA Res. Conf. 61 (in press, this issue).
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Figure 1. Photosynthetic light use efficiency (ΦPSII) and electron transport rates of
geranium and impatiens at a range of light intensities as measured over a single day.
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Table 1. Photosynthetic photon flux (a measure of light intensity) needed to achieve three
specific electron transport rates, and ΦPSII values at which these electron transport rates
were achieved for petunias, geraniums, and impatiens. Values are mean ± standard
deviation.
Species

Petunia

Electron
transport rate

Photosynthetic
photon flux

(µmol∙m-2∙s-1)

(µmol∙m-2∙s-1)

49.7 ± 5.1
97.1 ± 5.5
151.9 ± 6.5
Geranium 47.7 ± 5.8
96.0 ± 6.9
146.8 ± 4.7
Impatiens 48.7 ± 5.8
99.8 ± 5.8
159.2 ± 3.7

201.1 ± 29.6
462.3 ± 91.6
877.8 ± 56.6
201.1 ± 39.0
482.4 ± 112.4
964.0 ± 217.1
217.6 ± 47.8
1038.9 ± 153.2
1161 ± 4.9
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ΦPSII

0.59 ± 0.04
0.51 ± 0.08
0.41 ± 0.03
0.58 ± 0.08
0.50 ± 0.11
0.38 ± 0.10
0.54 ± 0.06
0.23 ± 0.03
0.33 ± 0.01
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Adaptive LED Lighting Can Benefit Greenhouse Production
David Gianino and Marc van Iersel
1111 Miller Plant Science Building, The University of Georgia, Athens, GA 30602
dgianino@uga.edu
Index Words Light emitting diode, duty cycle, adaptive lighting, energy efficiency,
photosynthetic photon flux
Significance to Industry Light emitting diodes (LEDs) are increasing in popularity,
thanks to continuous research on improving their efficiency and performance. LEDs have
been reported to reduce electricity use for supplemental lighting by 35-70% compared to
high pressure sodium lamps [1, 2, 3]. Although LEDs are not yet widely used by
greenhouses, they can provide important benefits over more commonly used highpressure sodium (HPS) lights. When HPS lights are used, they typically are used at full
power. In contrast, LEDs can be dimmed which can lead to potential energy savings.
However, the dimming capability of LEDs rarely is taken advantage of in supplemental
lighting applications. We have developed an adaptive LED lighting system that prevents
the light level at the crops from dropping below grower-determined thresholds. The LEDs
dim or brighten automatically in response to changing levels of sun light in a matter of
seconds and provide only enough light to reach the threshold. Greenhouses can benefit
from this system by assuring that the crop always receives appropriate levels of light, while
using the least amount of energy possible. This adaptive LED lighting system has the
potential to reduce electricity costs, offsetting the high capital costs of LED lighting arrays.
Nature of Work Light-emitting diodes (LEDs) are gradually being adopted by large
greenhouses and are popular in many research institutions. LED grow lights for
supplemental lighting use wavelength-specific diodes that emit light in the
photosynthetically-active range of the light spectrum [1, 5, 6]. LED grow lights have been
reported to improve growth and reduce energy consumption [1, 4, 5]. Seedlings of
Douglas fir (Pseudotsuga menziesii) and Engelmann spruce (Picea engelmannii) have
greater shoot height, root length, stem diameter, and more chlorophyll when grown under
LEDs compared to HPS lamps [1]. LED supplemental lighting may reduce energy use by
35% to 70%, when compared to HPS lighting [1, 5]. For example, tomato fruit yield was
similar when grown with supplemental, intracanopy LED lighting compared to overhead
HPS supplemental lighting, but the LEDs used only 24% of the energy that HPS lamps
used for supplemental lighting [5]. The main reason that growers are reluctant to
purchase LED lights is the high initial cost [6]. LEDs are still more expensive than HPS
and metal halide lamps, so most growers opt for the less expensive lighting system. To
make LED lights more economical, we want to take advantage of some unique capabilities
of LEDs. For example, the light output from LED lights can be precisely, easily, and
cheaply controlled by adjusting their duty cycle, which controls the amount of power used
by the lights. By decreasing the duty cycle, the LEDs are dimmed, reducing light output
and energy consumption.
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Our goal was to design a light sensor-based LED control system that can adjust the duty
cycle of LED lights in response to changing amounts of sunlight. We wanted to assure
that the adaptive LED light can prevent light levels, or photosynthetic photon flux density
(PPFD), from dropping below grower-specified thresholds by providing just enough
supplemental light to reach that threshold. By not providing more energy than needed,
such a light can realize substantial energy savings.
One LED light bar (54 W; PopularGrow, Shenzhen, China) with a 5:1 ratio of red to blue
LEDs was connected to a duty cycle controller, which was connected to a datalogger
(CR1000, Campbell Scientific, Logan, UT) (Fig. 1). One quantum sensor (Li-190, LI-COR,
Lincoln, NE) was placed underneath the center of the LED light bar to measure the PPFD
from the LEDs and sun light combined. A second quantum sensor was placed above the
LED bar to measure the PPFD from sunlight. The datalogger took readings from the
quantum sensor under the LED bar and if the PPFD reading was below the threshold
level, then the duty cycle was increased to prevent the light level from dropping below the
threshold and vice versa. PPFD thresholds were set daily to 50, 100, 150, 200, or 250
µmol·m-2·s-1 to test the ability of the adaptive LED light to prevent PPFD levels from
dropping below those thresholds under a range of different sun light conditions. Each
threshold was maintained for 14 hours on four separate days.
Results and Discussion For each threshold, and on each day, the adaptive LED system
was able to prevent light levels from dropping below the assigned threshold. For example,
the adaptive LED system was able to prevent the light levels under the LED bar from
dropping below a PPFD level of 200 µmol·m-2·s-1 in a 14-hr period (Fig. 2). As the duty
cycle was adjusted, the amount of electricity provided to the LED light bar was adjusted, in
order to prevent the PPFD from dropping below the threshold. When the measured
sunlight increased, the duty cycle automatically decreased (Fig. 3). Only when sunlight
exceeded the threshold did the adaptive system turn off the LED light bar.
The system operated on cloudy and sunny days with daily light integrals (DLI) ranging
from 2.8 to 9.5 mol·m-2·d-1. PPFD levels under the LED bar were maintained at or above
the thresholds, regardless of the threshold or weather conditions. This shows that the
system can change the duty cycle to adapt and adjust within seconds to accurately
achieve desired PPFD levels. With a threshold of 200 µmol·m-2·s-1, the adaptive LED light
used 40% (at a DLI of 2.8 mol·m-2·d-1) to 60% less energy (DLI of 9.3 mol·m-2·d-1),
compared to using the LED light at full power. Overall, energy savings from the adaptive
light ranged between 20 and 92%, with greater savings on days with higher DLI and lower
PPFD thresholds. The energy savings that can be achieved with this adaptive LED
system can offset the initial investment of LED supplemental light systems. Since this is
an automated system, it does not require constant monitoring, thus requiring little grower
time.
A preliminary study showed growing Begonia semperflorens with this system reduced
energy consumption by 60% with only a 10% reduction in biomass, compared to LEDs
that were on at full power. This adaptive LED light will be commercialized by
PhytoSynthetix, an LED lighting company in Athens, GA.
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Figure 1. A diagram of the adaptive LED light. The controller consists of a datalogger and
duty cycle control board. It uses the light sensor to determine how much light is present
underneath the LED bar. If there is less light than needed, the controller automatically
increases the duty cycle of the light bar, and vice versa.
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Figure 2. The amount of sunlight, the amount of sunlight plus the light from the LED
underneath the LED light bar, and duty cycle of the LED light during a cloudy, winter day.
The adaptive LED system was set to maintain a target photosynthetic photon flux density
(PPFD) of 200 µmol·m-2·s-1, over the course of a 14-hr period. Note that the duty cycle of
the LED light decreases as sunlight increases. The adaptive light maintained the PPFD
very close to the set point of 200 µmol·m-2·s-1 throughout the 14-hr period.
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Figure 3. The relationship between the amount of sunlight (photosynthetic photon flux
density, PPFD) and the required duty cycle of the LED light bar to maintain a PPFD of at
least 200 µmol·m-2·s-1.
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Significance to Industry Inoculation of field crops with endophytic fungal
entomopathogens can improve crop growth, resistance to pests and pathogens, and
tolerance of environmental stress (1, 2). It is unknown whether these growth effects apply
to the production of marigolds (Tagetes erecta), one of the top 15 flowering annuals sold in
the U.S. Seed coating technology could provide an economical system for delivering
endophytes to T. erecta (3). While we found mixed results from the impacts of seed
coating and entomopathogenic endophytes on a number of T. erecta horticultural
characteristics, these results should also be evaluated within the context of possible pest
control effects, which are currently under study.
Nature of Work Fungal endophytes are symbiotic fungi that inhabit plant tissues without
causing harm to their plant hosts. Beauveria bassiana and Isaria fumosorosea are
commercially available fungal insect pathogens and seed inoculation with these fungi may
reduce feeding damage and reproduction of greenhouse pests infesting a number of
flower crops. We investigated the effect of these endophytes on Discovery Yellow
marigold (Ernst Benary of America, Inc.) growth and form in the presence of a commercial
antimicrobial seed coating (DISCO VEG Yellow L-072). We used a full factorial design to
test two seed treatments (non-coated and coated) with 3 endophyte treatments
(B. bassiana, I. fumosorosea, and sterile control). Fungi were cultured on sabouraud
dextrose agar and incubated for 5 weeks at 25˚C. Fungi were suspended in 0.1% TritonX100 and the suspensions were diluted in 2% methyl cellulose to a concentration of 1x108
conidia/mL according to (4). Tagetes erecta seeds were submerged in treatment
suspensions containing B. bassiana, I. fumosorosea, or a 2% methyl cellulose sterile
control for 1 h and then air-dried. Each T. erecta seed was planted in a 3.5-inch pot with a
peat-perlite substrate (Sunshine Mix #1) on March 10, 2016. Pots were maintained in a
fan-pad cooled glasshouse for 3 weeks, and irrigated every 2-3 days with reverse-osmosis
treated water without fertilizer. Seeded pots were grouped in seed lots containing 10 pots
for each of the six treatments, with 12 seed lots in total per treatment. Seed lots were
distributed in a complete randomized block design. The germination frequency of each
seed lot was recorded every 12 hours during the first week after sowing. After 3 weeks, a
random sample of 30 seedlings from each treatment group was collected. The height to
width ratio (height:width) of each plant was recorded, then the plants were rinsed in water
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to remove soil from the roots and the fresh mass was measured. A probit regression
model was used to predict the median germination time (MGT), or time at which 50%
germination was reached, for each seed lot. A two-way ANOVA was performed
separately for each dependent variable (MGT, final germination proportion one week after
sowing, plant fresh weight, and plant height:width) with the seed type and endophyte type
as the categories with 2 and 3 levels in each category, and the interaction between seed
type and endophyte. The germination proportion and height:width were arcsinetransformed before ANOVA was applied. If the F-statistic from the ANOVA was
significant, Tukey HSD tests were used to identify significance between treatment
responses.
Results and Discussion Seed coating had a significant impact on MGT (𝐹2,72 , 𝑝 <
0.0001) (Table 1), with a higher MGT in non-coated seeds. Endophytes also affected
MGT (𝐹2,72 , 𝑝 = 0.0323), which was higher in I. fumosorosea-treated seeds than B.
bassiana-treated seeds. Neither I. fumosorosea (𝐹2,72 , 𝑝 = 0.8426) nor B. bassiana
(𝐹2,72 , 𝑝 = 0.1202) differed from the sterile control. There was no interaction between seed
and endophyte treatments (𝐹2,72 , 𝑝 = 0.4076). Seed coating increased germination
proportion (𝐹2,72 , 𝑝 < 0.0001) (Table 1). Endophytes had an impact on the proportion
(𝐹2,72 , 𝑝 = 0.0245); I. fumosorosea treatments were significantly lower than the controls
(𝐹2,72 , 𝑝 = 0.0245), and B. bassiana did not differ from the control (𝐹2,72 , 𝑝 = 0.9739) or I.
fumosorosea (𝐹2,72 , 𝑝 = 0.0615). Seed coating and endophyte effects on germination
proportion did not interact (𝐹2,72 , 𝑝 = 0.4292). Seed coating increased seedling fresh mass
(𝐹2,180 , 𝑝 < 0.0001), and endophytes were significant (𝐹2,180 , 𝑝 < 0.0001) (Fig. 1).
Beauveria bassiana and I. fumosorosea treatments decreased fresh weight compared to
control groups (𝐹2,180 , 𝑝 < 0.0001; 𝐹2,180 , 𝑝 = 0.0366), with B. bassiana treatments
significantly lower than I. fumosorosea treatments (𝐹2,180 , 𝑝 = 0.0052). Coated and noncoated treatments elicited different endophyte effects on plant fresh weight (𝐹2,72 , 𝑝 =
0.0003). In non-coated seeds, Isaria fumosorosea treatments had significantly lower fresh
weight than the control (𝐹2,180 , 𝑝 < 0.0160); and there were no differences between B.
bassiana and I. fumosorosea (𝐹2,180 , 𝑝 < 0.0001) or the control (𝐹2,180 , 𝑝 < 0.0001). Within
the coated seed treatments, B. bassiana treatments weighed significantly less than I.
fumosorosea (𝐹2,180 , 𝑝 < 0.0001) and control treatments (𝐹2,180 , 𝑝 < 0.0001) while there
was no difference between I. fumosorosea and control treatments (𝐹2,180 , 𝑝 = 0.9999). The
height:width was affected by seed treatment (𝐹2,180 , 𝑝 = 0.0180), and was greater in noncoated seeds (Fig. 2). It was also affected by endophytes (𝐹2,180 , 𝑝 < 0.0104). B. bassiana
showed a lower ratio than I. fumosorosea (𝐹2,180 , 𝑝 = 0.0090), but B. bassiana and I.
fumosorosea did not affect plant height:width when compared to the control treatment
(𝐹2,180 , 𝑝 = 0.6507; 𝐹2,180 , 𝑝 = 0.0835). Coated seed treatments influenced endophyte
effects on height:width (𝐹2,180 , 𝑝 < 0.0001). Within the non-coated treatments, I.
fumosorosea and B. bassiana had increased height:width compared to the control
(𝐹2,180 , 𝑝 < 0.0001; 𝐹2,180 , 𝑝 = 0.0183) but there was no difference between B. bassiana and
I. fumosorosea (𝐹2,180 , 𝑝 = 0.6726). Within the coated treatments, I. fumosorosea showed
no difference to the control or B. bassiana treatments (𝐹2,180 , 𝑝 = 0.4945; 𝐹2,180 , 𝑝 =
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0.0640), while the ratio was significantly lower in B. bassiana treatments compared to the
controls (𝐹2,180 , 𝑝 < 0.0001).

In summary, endophyte seed treatments had important effects on T. erecta development.
Isaria fumosorosea negatively affected germination and seedling fresh weight, and
produced seedlings with a less compact form. Beauveria bassiana reduced seedling fresh
weight. Also, the speed and frequency of T. erecta germination, as well as plant mass and
shape responded differently to each of the endophytes. Seeds inoculated with B.
bassiana performed better than I. fumosorosea-inoculated seeds, which required more
time to germinate and had lower germination rates. Beauveria bassiana treatment also
led to smaller plants with a shorter, wider shape than those treated with I. fumosorosea.
Seed coating did not affect germination responses to endophyte inoculation, but was
involved in the endophyte effects on plant growth. Isaria fumosorosea effects on plant
mass and form were negated when the seed coating was present. Alternatively, B.
bassiana showed more effects on plant growth in the presence of the seed coating and
may be more compatible than I. fumosorosea with other industry seed coating chemicals.
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Table 1. Mean (± standard error) percentage germination and median germination time
(MGT) (hours) of non-coated and methylisothiazolinone-coated seeds inoculated with B.
bassiana, sterile control, and I. fumosorosea.
Non-coated

Coated

Control

B. bassiana

I. fumosorosea

Control

B. bassiana

I. fumosorosea

Germination (%)

81.7 ± 8.85

80.8 ± 4.50

63.0 ± 9.69

93.3 ± 8.61

95.0 ± 7.42

91.7 ± 7.38

MGT (h)

77.5 ± 3.12

70.0 ± 3.23

79.0 ± 3.10

52.3 ± 1.40

50.2 ± 1.21

53.5 ± 1.08
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Figure 1. Mean fresh weight (g) of 3-week old T. erecta plants grown from non-coated and
methylisothiazolinone-coated seeds inoculated with B. bassiana, sterile control, and I.
fumosorosea. Shared letters indicate no significant difference between the treatments
(Tukey HSD, p > 0.05). Error bars represent standard error.

Figure 2. Mean height to width ratio of 3-week old T. erecta plants grown from non-coated
and methylisothiazolinone-coated seeds inoculated with B. bassiana, sterile control, and
I. fumosorosea. Shared letters indicate no significant difference between the treatments
(Tukey HSD, p > 0.05). Error bars represent standard error.
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Significance to Industry High-quality water is becoming a limited resource for nursery
production and public use. It may be inevitable to use alternative water sources such as
municipal reclaimed water to irrigate landscapes and brackish groundwater to irrigate
nursery crops and landscapes (1). Reclaimed water contains relatively high levels of
soluble salts, which adversely affect plant growth and development (2). Using reclaimed
water to irrigate nursery crops and landscapes is not a widely acceptable practice for
nursery growers and homeowners due to limited information on the salt tolerance of
nursery and landscape plants. To expand the usage of reclaimed water, salt tolerant
plants should be identified in areas where reclaimed waters may be used for irrigation.
The Texas Superstar® program is established to identify landscape plants that show
superb performance in Texas based on replicated field trials across the state (3,4). Those
plants demonstrating outstanding landscape performance and superior pest tolerance are
awarded the Texas Superstar® designation. However, salt tolerance is not considered
during the evaluation process. Angelonia angustifolia ‘Serena Lavender’ (‘Serena
Lavender’ angelonia) and ‘Serenita Raspberry’ (‘Serenita Raspberry’ angelonia), Pentas
lanceolata ‘Butterfly Deep Pink’ (Butterfly Deep Pink pentas), Petunia × hybrida ‘Tidal
Wave Silver’ (‘Tidal Wave Silver’ petunia), Petunia × violacea (laura bush petunia), and
Portulaca oleracea ‘Toucan Hot Mix’ (‘Toucan Hot Mix’ purslane) are in the list of Texas
Superstar® annuals. However, their responses to irrigation water with elevated salinity
remain unknown. A greenhouse study was conducted by irrigating six Texas Superstar®
annuals with a nutrient solution at an electrical conductivity (EC) of 1.2 dS·m-1 (control) or
salt solution at EC of 5.0 or 10.0 dS·m-1 (EC 5 or EC 10) for seven weeks. Results
showed that ‘Toucan Hot Mix’ purslane was the highest salt tolerant species without any
foliar damage and growth reductions. Other annuals experienced minor foliar damage
with varied growth reductions. ‘Tidal Wave Silver’ petunia, laura bush petunia, and
‘Serenita Raspberry’ angelonia plants had less growth reductions and were relatively more
salt tolerant than ‘Serena Lavender’ angelonia and ‘Butterfly Deep Pink’ pentas.
Nature of Work ‘Toucan Hot Mix’ purslane, butterfly deep pink pentas, ‘Tidal Wave Silver’
petunia, and ‘Serenita Raspberry’ angelonia seeds were received from Ball Horticulture
(West Chicago, IL), whereas laura bush petunia and ‘Serena Lavender’ angelonia seeds
were purchased from Wildseed Farms (Fredericksburg, TX). On 31 January 2013, seeds
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were sown into 72-cell trays (4 cm × 4 cm × 5.5 cm) containing a Red-earth® Plug and
Seedlings germination mix (SunGro® Horticulture, Agawam, MA). All trays were placed
under mist system with bottom heat (~25 oC). On 15 March, seedlings were transplanted
to 2.3-L poly-tainer container (No.1P, 16.5 × 16.5 cm) filled with LP5 (SunGro Hort.,
Bellevue, WA). All plants were watered with a nutrient solution until treatments were
initiated. The nutrient solution at EC of 1.2 dS·m-1 was prepared by adding 1 g·L-1 of 15 N2.2 P-12.5 K (Peters 15-5-15; Scotts) to reverse osmosis (RO) water.
Treatments were applied on a weekly basis by irrigating plants with 1 L nutrient solution
(control) or saline solutions at EC of 5.0 or 10.0 dS·m-1 with 10% to 30% leaching fraction
from 19 March to 2 May. In addition, plants were watered with 500 mL nutrient solution
whenever the substrate surface was dry between treatment solutions. The saline solution
was prepared by adding sodium chloride (NaCl) and calcium chloride (CaCl2) at 2:1 (molar
ratio) to the nutrient solution described above. All solutions were prepared in 100-L tanks
with confirmed EC of 1.2 ± 0.1 (control, nutrient solution), 4.8 ± 0.2 (EC 5), and 9.0 ± 0.5
dS·m-1 (EC 10) (mean and standard deviation) for the nutrient and saline solutions,
respectively. The pH of the solutions was adjusted to 6.0 ± 0.4.
The substrate EC was determined using the pour-through method (Cavins et al., 2000)
using an EC meter (Model B-173, Horiba, Ltd., Japan). The temperature in the
greenhouse was maintained at 26.8 ± 4.3 °C (mean ± standard deviation) during the day
and 22.0 ± 2.2 °C at night. The daily light integral (photosynthetically active radiation) was
16.1 ± 6.2 mol·m-2·d-1.
Plant growth parameters were taken at the initiation of treatments (i.e. 19 March) and end
of experiment (i.e. 7 May). Height (cm) from the pot rim to the tallest growth point of the
plant was measured for ‘Serena Lavender’ angelonia, ‘Butterfly Deep Pink’ pentas, and
‘Serenita Raspberry’ angelonia. Due to their prostrate growth habits, the length of the
longest shoot (cm) was recorded for ‘Tidal Wave Silver’ petunia, Laura Bush petunia, and
‘Toucan Hot Mix’ purslane plants. Two perpendicular widths (cm) were recorded for all
plants. Growth index was calculated as (height + width + perpendicular width)/3. Number
of flowers (or inflorescences) was counted.
Foliar salt damage (leaf edge burn, necrosis, and discoloration) was rated at the end of
experiment on a visual score of 0 to 5, where 0 = dead; 1 = severe (over 90%); 2 =
moderate (50% to 90%); 3 = slight (less than 50%); 4 = good quality with minor foliar
damage; and 5 = excellent with no visible foliar damage. Leaf greenness (or relative
chlorophyll content) of all plants was measured using a hand-held Soil-Plant Analysis
Development (SPAD) chlorophyll meter (Minolta Camera Co., Osaka, Japan). For each
plant, four leaves were randomly chosen for the measurements. Gas exchange was
measured as described in Sun et al. (5). Upon termination of the experiment, shoots were
severed at the substrate surface, and dry weight (DW) was determined after plants were
oven-dried at 65 °C to constant weight.
The experiment followed a split-plot design with salinity (three levels) as the main plot and
six species as subplot with eight replications. One-way analysis of variance (ANOVA) was
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performed separately for each species for all data because the species had different
growth habits. When salinity effect was significant, means separation among treatments
was conducted using Tukey’s honest significant difference (HSD) multiple comparison. All
statistical analyses were performed using JMP 11 (SAS Institute Inc., Cary, NC).
Results and Discussion Substrate EC determined using the pour-through method
provides clues about plant performance before deficiency or toxicity symptoms appear.
During the period of the experiment, the leachate EC stayed around 3.0 dS·m–1 for plants
irrigated with a nutrient solution (control) (Fig. 1). When plants were watered with a saline
solution at EC of 5.0 dS·m–1 or 10.0 dS·m–1, the leachate EC increased from 5.1 to 9.1
dS·m–1 and from 7.8 to 11.9 dS·m–1, respectively. These results indicate that salt often
accumulates in peat-based substrate. To reduce salt accumulation, saline solution was
applied on a weekly basis instead of every irrigation. If saline solution is applied with
every irrigation, salt accumulates more rapidly as reported in Niu et al. (6).
‘Butterfly Deep Pink’ pentas, ‘Tidal Wave Silver’ petunia, Laura Bush petunia, and ‘Toucan
Hot Mix’ purslane plants had similar visual scores across treatments (Table 1). All plants
had good quality with minor foliar damage or no visible foliar damage. Although salinity at
EC 10 reduced the visual scores of ‘Serena Lavender’ angelonia and ‘Serenita Raspberry’
angelonia, plants still had good quality with minor foliar damage.
Growth index of Laura Bush petunia and ‘Toucan Hot Mix’ purslane plants were not
different among treatments (Table 1). Salinity at EC 10 reduced the growth index of
‘Serenita Raspberry’ angelonia and ‘Tidal Wave Silver’ petunia by 13% and 11%,
respectively. The growth index of ‘Serena Lavender’ angelonia and ‘Butterfly Deep Pink’
pentas decreased by 11% and 21% at EC 5 and 20% and 42% at EC 10, respectively.
Dry weights of ‘Toucan Hot Mix’ purslane plants were not different among treatments
(Table 1). Salinity at EC 10 reduced the dry weight of ‘Serenita Raspberry’ angelonia,
‘Tidal Wave Silver’ petunia, and Laura Bush petunia plants by 17%, 17%, and 20%,
respectively. The dry weights of ‘Serena Lavender’ angelonia and ‘Butterfly Deep Pink’
pentas decreased by 17% and 27% at EC 5 and 36% and 53% at EC 10, respectively.
The number of flowers or inflorescences of ‘Serenita Raspberry’ angelonia, ‘Tidal Wave
Silver’ petunia, Laura Bush petunia, and ‘Toucan Hot Mix’ purslane plants was not
different among treatments (Table 2). Both EC 5 and EC 10 significantly reduced the
number of flowers of ‘Serena Lavender’ angelonia by 19%, whereas EC 10 decreased the
number of flowers of ‘Butterfly Deep Pink’ pentas by 30%.
All plants had similar SPAD readings among treatments with the exception of ‘Butterfly
Deep Pink’ pentas and Laura Bush petunia. The SPAD readings of ‘Butterfly Deep Pink’
pentas were reduced by 11% at EC 5, whereas those of Laura Bush petunia decreased by
17% at EC 5 and 19% at EC 10, respectively. Salinity at both EC 5 and EC 10 did not
affect the leaf E, gs, and Pn, indicating that salt treatment did not influence their
photosynthesis (data not shown).

Floriculture Section

87

SNA Research Conference Vol. 61 2016

In conclusion, Texas Superstar® annuals have different growth and physiological
responses to salinity. ‘Toucan Hot Mix’ purslane, a succulent plant, exhibited relatively the
highest salt tolerance without any foliar damage and growth reductions. ‘Tidal Wave
Silver’ petunia, Laura Bush petunia, and ‘Serenita Raspberry’ angelonia plants also had
high salt tolerance with minor foliar damage, 17% to 20% reductions in shoot DW at EC
10, and without any changes in the number of flower. ‘Serena Lavender’ angelonia and
‘Butterfly Deep Pink’ pentas experienced minor foliar damage with varied reductions in
shoot DW (17% and 36% at EC 5 and 27% and 53% at EC 10, respectively) and in the
number of inflorescences (19% and 30% at EC 10 respectively). These indicated that they
are relatively less tolerant to salinity compared to others. It is important to note that the
results from this study may serve as a reference for selecting salt-tolerant Texas
Superstar® annuals for landscapes where low quality water may be used. In general, all
these annual species may be irrigated with alternative water sources with an EC of 5
dS·m–1 or less with little or no growth reduction and foliar damage, as long as site is well
drained.
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Table 1. Visual score, growth index, and shoot dry weight of Texas Superstar® annuals
irrigated with nutrient solution [Control, electrical conductivity (EC) =1.2 dS·m-1] or saline
solutions (EC = 5.0 or 10.0 dS·m-1, EC 5 or EC 10) in the greenhouse (n=8). Abbreviation in
name: SL, ‘Serena Lavender’; SR, ‘Serenita Raspberry’; TWS, ‘Tidal Wave Silver’; LB, Laura
Bush.
Common name
SL Angelonia
SR Angelonia
Pentas
TWS Petunia
LB Petunia
Purslane
z

y
x

Visual scorez
Control EC 5 EC 10
5.5 ax 5.0 a
4.8 b
5.5 a
5.0 a
4.8 b
4.9 a
4.8 a
4.4 a
5.0 a
5.0 a
5.0 a
5.0 a
4.6 a
4.9 a
5.0 a
5.0 a
5.0 a

Growth index (cm)y
Control
EC 5
EC 10
35.7 a
31.9 b
28.7 b
26.5 ab 27.5 a
23.0 b
21.2 a
16.7 b
12.4 c
110.3 a 112.1 a 97.8 b
69.4 a
66.9 a
66.3 a
37.7 a
35.4 a
39.2 a

Dry weight (g)
Control
EC 5
EC 10
43.7 a
36.1 b
27.9 c
25.6 ab
28.9 a
21.2 b
32.5 a
23.8 b
15.2 c
105.6 a
108.3 a
87.6 b
88.5 a
77.5 ab 70.4 b
72.7 a
73.5 a
72.7 a

Visual score: 0 = dead; 1 = over 90% foliar salt damage (burning, necrosis, and
discoloration); 2 = moderate (50% to 90%) foliar salt damage; 3 = slight (less than 50%)
foliar salt damage; 4 = good quality with minor foliar salt damage; and 5 = excellent with no
visible foliar salt damage.
Growth index = (height+width+perpendicular width)/3.
For each species, same letters among treatments are not significantly different by Tukey’s
honest significant difference (HSD) multiple comparison at P < 0.05.

Table 2. Number of flowers/inflorescences and relative chlorophyll content (SPAD) of Texas
Superstar® annuals irrigated with nutrient solution [Control, Electrical conductivity (EC) =1.2
dS·m-1] or saline solutions (EC = 5.0 or 10.0 dS·m-1, EC 5 or EC 10] in the greenhouse
(n=8). Abbreviation in name: SL, ‘Serena Lavender’; SR, ‘Serenita Raspberry’; TWS, ‘Tidal
Wave Silver’; LB, Laura Bush.
Common name
SL Angelonia
SR Angelonia
Pentas
TWS Petunia
LB Petunia
Purslane
z

No. flowers/inflorescences
Control
EC 5
EC 10
z
57 a
46 b
46 b
50 a
47 a
45 a
11 a
9.4 ab
7.8 b
255 a
232 a
212 a
124 a
104 a
92 a
30 a
32 a
27 a

Control
52.7 a
47.3 a
63.6 a
50.3 a
38.5 a
33.5 a

SPAD
EC 5
54.1 a
46.8 a
57.8 ab
49.9 a
31.9 b
36.2 a

EC 10
54.0 a
47.6 a
57.0 b
48.3 a
31.4 b
34.9 a

For each species, same letters among treatments are not significantly different by
Tukey’s honest significant difference (HSD) multiple comparison at P < 0.05.
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Electrical conductivity (dS·m-1 )
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Figure 1. Leachate electrical conductivity (EC) measured after treatment solutions applied.
Control, EC 5, and EC 10 represent nutrient solution at EC of 1.2 dS·m–1, salt solutions at
EC of 5.0 and 10.0 dS·m–1, respectively. During the experimental period, nutrient and salt
solutions applied weekly from 19 March to 2 May.
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Saline Irrigation Affects Growth of Two Annual Bedding Plant Species for the
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Judson S. LeCompte1, Amy N. Wright1, Charlene M. LeBleu2 and J. Raymond Kessler1
1

Department of Horticulture, Auburn University, Auburn, AL 36849
Department of Landscape Architecture, Auburn University, AL 36849

2

awright@auburn.edu
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Significance to Industry Greywater is a renewable irrigation alternative to potable water,
however, its use as an irrigation source is limited by the potential for salt injury to plants.
Research was conducted to determine salt tolerance of two annual bedding plants,
Begonia×semperflorens-cultorum (wax begonia) and Portulaca oleracea (purslane). Plants
received daily irrigation of tap water containing one of the following NaCl concentrations: 0
(tap water), 2000, 4000, 6000, 8000, or 10000 ppm (mg·L-1) (high NaCl) or 0 (tap water),
250, 500, or 1000 ppm (mg·L-1) (low NaCl) for 6 weeks. With high NaCl, RDW and SDW of
both species decreased linearly with increasing NaCl concentration. Wax begonia had
10% and 50% mortality at 6000 and 10000 ppm (mg·L-1) NaCl, respectively. With low NaCl
there was no effect of NaCl concentration on growth and no mortality for either species.
Substrate leachate EC increased linearly with increasing NaCl concentration with both
species. Both species evaluated were tolerant of NaCl concentrations expected from
greywater.
Nature of Work Generally, bedding plants require more irrigation during production and
in the landscape than woody plants due to poor drought tolerance. Growers and
landscapers could benefit from alternative irrigation sources to relieve the demand for
potable water. Greywater is one such potential source. Greywater is wastewater from
bathtubs, showers, hand basins, laundry machines, and kitchen sinks without input from
toilets. One concern with greywater reuse for irrigation is the potential for high salinity,
usually in the form of sodium chloride (NaCl). Sodium concentrations of greywater can
range from 7.4-480 ppm (mg·L-1), while chlorine concentrations can range from 9-88 ppm
(mg·L-1) (3, 4). While wax begonia has been recommended as a salt tolerant annual in
coastal regions of Florida (1), other research found it was sensitive to saline irrigation (9).
Purslanes have been recommended for inclusion in landscapes in coastal regions (2, 7, 8)
and may be utilized as an annual bedding plant (5, 6). Evaluation of these two annual
bedding plants for tolerance of greywater salinity could increase plant selection options for
a greywater irrigated and coastal landscape in the southeastern United States. Therefore,
the objective of this research was to evaluate the tolerance of two annual bedding plant
species to saline irrigation water.
Liners (2 in) of ‘Cocktail series’ wax begonia and ‘Toucan series’ purslane were planted in
trade gallon containers in a 5:3:1 pinebark:peat:perlite, by volume, substrate. Substrate
was pre-plant amended with 9 lb·yd-3 (4.52 kg·m-3) controlled-release fertilizer (17N-
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5P2O5-11K2O with micronutrients), and dolomitic limestone (4 lb·yd-3). Plants were
irrigated by hand daily with 10 oz (300 mL) of tap water containing one of the following
high concentrations (treatments) of sodium chloride (NaCl): 0 (tap water), 2000, 4000,
8000, or 1000 ppm (mg·L-1) resulting in approximately 10 – 15% leachate (10). Plants
received tap water irrigation (no NaCl) on weekends. Plants were grown under natural
photoperiods on raised benches in a polycarbonate greenhouse at Paterson Horticulture
Greenhouse Complex at Auburn University in Auburn, AL. Temperatures ranged from 72 65°f during the day and 80 - 67°f at night. There were 10 single container replications per
treatment per species. Experimental design was a completely randomized design with
each species as a separate experiment. Plants were harvested 6 weeks after treatment
initiation (experiment termination) and root dry weight (RDW) and shoot dry weight (SDW)
determined. Treatments were initiated 11 July 2011; experiment was terminated 22 Aug.
2011. The experiment was repeated with the same procedures described above with only
purslane omitting wax begonia based on its lack of tolerance to these NaCl
concentrations. Treatments were initiated 29 Sept. 2011; experiment was terminated 10
Oct. 2011. Data were subjected to analysis of variance and regression analysis when
appropriate using PROC MIXED in SAS (SAS Institute, Cary, NC). When repeated, data
were pooled over runs.
Experiments similar to those described above were conducted 3 April 2012 – 15 May 2012
for wax begonia and 17 Sept. 2012 – 29 Oct. 2012 for purslane with NaCl concentrations
decreased (low) to 0 (tap water), 250, 500, or 1000 ppm (mg·L-1). Substrate leachate
electrical conductivity (EC) of purslane was measured at termination from leachate
collected using the pour-through extraction procedure (11). All other materials and
methods were the same as described above. This experiment was repeated 13 Feb. 2013
- 27 March 2013 with substrate leachate EC measured at termination for both species.
Results and Discussion Wax begonia RDW and SDW decreased linearly with
increasing high NaCl concentration (Table 1). Wax begonia exhibited foliar damage at
6000 ppm (visual observation) and mortality at 6000 (10% mortality) and 10000 ppm
(mg·L-1) NaCl (50% mortality). Purslane RDW and SDW decreased linearly with
increasing high NaCl concentration (Table 1). There were no visible signs of salt stress or
mortality for purslane. In both species, there was no effect of low NaCl concentration on
RDW or SDW (data not presented) and no symptoms of salt stress (visual observation) or
mortality at low NaCl. Substrate leachate EC increased linearly (P=0.0328) from 4.3 to 6.0
with increasing low NaCl concentration for wax begonia.
Results for purslane were consistent with previous recommendations for inclusion in saline
environments (2, 7, 8). Purslane had 100% survival in all experiments (high and low NaCl),
even at NaCl concentrations of up to 20 times higher than generally found in greywater.
Despite growth reductions with increasing NaCl concentrations in high NaCl experiments,
there were no signs of salt stress and plants continued to flower and appeared
“marketable” by the end of each experiment. Results from this experiment show that
purslane could be included in a greywater landscape and, potentially, other saline
environments. Wax begonia was not tolerant of high NaCl, however, there was no effect
on growth, and there were no visible signs of salt stress or reduced flowering at low NaCl.
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Plants also appeared “marketable” in the low NaCl experiment suggesting wax begonia
could be included in a greywater irrigated landscape as long as irrigation salinity and
frequency is closely monitored.
Plant response to saline irrigation was not affected by time of year indicating that
greywater irrigation could be used throughout the year. Increased irrigation demand during
summer months and increased evaporation rates may increase salt accumulation in soil.
In this research, tap water irrigation (no NaCl) was applied weekly to mimic a rain event or
tap water irrigation cycle appeared to prevent the accumulation of NaCl in the substrate.
Periodically irrigating with non-saline water could be used as a management tool in
greywater-irrigated landscapes.
NaCl concentrations used in this research (even in the low NaCl concentration
experiment) were higher than those observed in greywater. Results from these
experiments could be applicable for other saline irrigation sources, landscapes in coastal
regions, and perhaps landscapes in arid environments since plant response to salt stress
is often similar to that of drought stress. Results from this and future research could be
used to justify greywater-irrigated landscapes and decrease the demand for potable water.
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Table 1. Effect of NaCl concentration in irrigation water on root dry weight (RDW) and
shoot dry weight (SDW) of wax begonia and purslane.
Wax begonia
Purslane
NaCl (pppm)
RDW (g)
SDW (g)
RDW (g)
SDW (g)
0
3.7
17.7
2.2
22.2
2000
2.3
15.6
2.2
25.4
4000
1.6
8.8
1.7
22.6
6000
0.6
5.0
1.7
21.1
8000
0.6
3.8
1.6
18.1
10000
0.2
1.6
1.4
14.8
Sig.z
L***
L***
L***
L***
z
Data were subjected to regression analysis using PROC MIXED in
SAS (SAS Institute, Cary, NC). L*** = significance of linear trend at
P<0.001.
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Significance to Industry Because soil type and plant species affect rain garden
effectiveness, there is a need to evaluate native plant performance in indigenous
landscape soil types. Growth and physiology of three native rain garden plant species Ilex
verticillata (winterberry), Ilex glabra (inkberry holly), and Chasmanthium latifolium (river
oats) were evaluated in the landscape in two soil types (Coastal Plain and Piedmont).
Plant size was generally larger in Coastal Plain soil, while stomatal conductance tended to
be higher in Piedmont soil. Chlorophyll content did not differ substantially by soil type. All
three species performed well in Southern Coastal Plain and Southern Piedmont soils and
thus show potential to treat stormwater in local landscapes via rain gardens.
Nature of Work Stormwater runoff is produced by rain and snowmelt that flows over the
surface of the land and does not infiltrate the soil; as stormwater runoff travels over
impervious surfaces, it collects sediment, nutrients, and debris (4). Rain gardens are
bowl-shaped landscape features designed and constructed to collect stormwater, remove
sediments, and sorb nutrients (1). Rain garden plant species selection and soil type affect
function and efficacy (3). Therefore, the objectives of this research were to evaluate
growth and physiology of three native plant species recommended for use in rain gardens
in two soil types over two growing seasons (2, 5, 6).
Six landscape research plots were established at each of two locations (soil types) in
Auburn, AL. One soil type was classified as fine-loamy, kaolinitic, thermic Typic
Kanhapludults of the Marvyn series in the Southern Coastal Plain (CP) region. The other
soil type was classified as fine, kaolinitic, thermic Typic Kanhapludults of the Pacolet
series in the Southern Piedmont (PD) region. Each plot was planted 28 April 2014 with
one each of three plant species: Ilex verticillata (winterberry), Ilex glabra (inkberry holly),
and Chasmanthium latifolium (river oats).
Size index [(height + widest width + width perpendicular to the widest width)/3] was
measured at the beginning and end of both growing seasons. Stomatal conductance of
mature leaves was measured monthly during the second growing season using a Steady
State Diffusion Porometer (Decagon Devices, Model SC-1). Leaf chlorophyll content of
mature leaves was also measured monthly during the second growing season by a SPAD502 Chlorophyll Meter. Stomatal conductance and leaf chlorophyll content of I. verticillata
and C. latifolium were not measured from Nov. to Mar. due to plant dormancy. Data were
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analyzed for significance of main effects and interactions of soil type and days after
planting (DAP) using PROC GLIMMIX in SAS (SAS Institute, Cary, NC).
Results and Discussion There was a significant interaction between soil type and DAP
FOR size index of C. latifolium and I. verticillata. Size index of C. latifolium varied
quadratically over time in both soil types (Table 1) and was generally higher in CP soil
than PD soil (Table 1). Size index of I. verticillata varied cubically over in PD soil but did
not change over time in CP soil (Table 1). Main effects of soil type and DAP were
significant for size index of I. glabra (Table 2). Size index for I. glabra was significantly
higher in CP soil and increased linearly over time (Table 2). The higher size index
associated with CP soil suggests that these plant species may prefer the more drained
portions of a rain garden. Additionally, the CP landscape plots had more shade than the
PD plots which could have also contributed to a larger size index.
The interaction of soil type and DAP was significant for stomatal conductance of C.
latifolium and I. verticillata (Table 3). Stomatal conductance of C. latifolium was higher in
PD soil, changing linearly over time (Table 3). There was no significant change over time
of stomatal conductance in the CP soil for C. latifolium (Table 3). Stomatal conductance of
I. verticillata varied quadratically in both soil types and was significantly higher in PD soil
(Table 3). Stomatal conductance of I. glabra was not affected by soil type and did not
change over time (data not presented). Stomatal conductance was generally higher in the
PD soil. CP soil has a sandier texture allowing more water to percolate outside of the
reach of the plant roots; PD soil has a more clayey texture and a propensity to retain water
more tightly, holding a greater amount of plant-available water. This larger amount of
plant-available water could potentially support a more rapid rate of photosynthesis and
transpiration, and thus an increased stomatal conductance.
Leaf chlorophyll content of C. latifolium was significantly higher in the PD soil than CP soil
(24 and 21 SPAD units, respectively) and was not affected by soil type for I. verticillata
(data not shown). Leaf chlorophyll content of C. latifolium varied quadratically over time,
while I. verticillata changed linearly over time (Table 4). Leaf chlorophyll content of I.
glabra was not affected by soil type and did not change over time (data not presented).
Although there were statistically significant changes in leaf chlorophyll content over time
for C. latifolium and I. verticillata, the range of values may not biologically different.
Overall, size index and stomatal conductance were more influenced by soil type than
chlorophyll content, which did not differ substantially. Ultimately, all three rain garden
plant species, Ilex verticillata, Ilex glabra, and Chasmanthium latifolium are suitable plants
for use in Southern Coastal Plain and Southern Piedmont soils.
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Table 1. Effect of soil type (Coastal Plain, CP or Piedmont, PD) and days after planting
(DAP) on size index (SI) of Chasmanthium latifolium and Ilex verticillata.

Soil
Type
PD
CP

1

171

DAP

SI
398

502

C. latifolium
Sign.
30.7ns
37.3b
58.7b
38.3b
Q*y
28.5
63.3a
113.5a
68.8a
Q***
I. verticillata
Sign.
PD
89.0ns
89.5ns
99.3a
97.5ns
NS
CP
80.8
100.8
75.8b
106.2
C***x
z
Least squares means comparisons between soil types for each DAP
using F-tests at α = 0.05. ns = not significant.
y
Significant quadratic (Q) trends using orthogonal polynomials at α =
0.05 (*) or 0.001 (***).
x
Significant cubic (C) trends using orthogonal polynomials at α = 0.001
(***). NS = not significant.
z
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Table 2. Effect of soil type (Coastal Plain, CP or Piedmont, PD) and days after planting
(DAP) on size index (SI) of Ilex glabra.
Soil Type
PD
CP

SI
52.5bz
58.4a

DAP
SI
1
36.4
171
46.1
398
68.1
502
71.3
Sign.
L***y
z
Least squares means comparisons between soil types
using main effect F-tests at α = 0.05.
y
Significant linear (L) trend using orthogonal polynomials at α
= 0.001 (***).
Table 3. Effect of soil type (Coastal Plain, CP or Piedmont, PD) and days after planting
(DAP) on stomatal conductance (SC) of Chasmanthium latifolium and Ilex verticillata

410

DAP

SC

433
468
510
C. latifolium
Soil Type
Sign.
z
PD
220.2a
158.8a
126.7a
122.5a
L**y
CP
111.7b
92.5b
72.2b
74.3b
NS
I. verticillata
Sign.
PD
730.8ns
662.2a
539.5a
543.0a
Q*x
CP
668.3
576.0b
413.2b
412.5b
Q**
z
Least squares means comparisons between soil types for each DAP
using slice F-tests at α = 0.05. ns = not significant.
y
Significant linear (L) trend using orthogonal polynomials at α = 0.01 (**).
NS = not significant.
x
Significant quadratic (Q) trends using orthogonal polynomials at α =
0.05 (*) or 0.01 (**).
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Table 4. Effect of days after planting (DAP) on leaf chlorophyll content (LCC) of
Chasmanthium latifolium and Ilex verticillata
C. latifolium

I. verticillata

DAP
410
433
468
510
Sign.

LCC
25.3
25.0
17.5
21.9
Q**z

410
433
468
510
Sign.

40.7
39.0
37.2
36.3
L**y

z

Significant quadratic (Q) trend using orthogonal
polynomials at α = 0.01 (**).
y
Significant linear (L) trend using orthogonal
polynomials at α = 0.01 (**).
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Significance to Industry Filter bed substrate pH of the rain gardens sampled in this
study averaged 5.2. Nearly half of the rain gardens were mulched appropriately; however,
erosion and sediment accumulation were evident in approximately half of them. Tree
seedlings and herbaceous perennial weeds were the most prevalent types of weeds
identified and were not controlled sufficiently by mulches.
Nature of Work Rain gardens (also called bioretention cells) are one of the key
stormwater practices used to meet the National Pollutant Discharge Elimination System
(NPDES) stormwater requirements. Rain gardens are designed and planted to be more
aesthetically pleasing than other stormwater treatment options and are widely utilized by
Departments of Transportation and commercial landscapers. Rain gardens are normally
excavated, backfilled with a filter bed substrate that has high-permeability and low organic
matter content, then planted with vegetation that will aid in the removal of pollutants (3).
Filter bed substrate composition varies, but generally contains coarse textured particles
and some organic matter to provide the aeration and water retention needed for plant
growth along with biological activity needed for nutrient sequestration and conversion.
Rain gardens serve aesthetic purposes as well, requiring significant plant maintenance
and pest management inputs. Yet no comprehensive assessment of rain garden pest
management needs or practices has been published and only physical or mechanical
methods of weed removal are recommended at this time. Weed control in rain gardens is
particularly complex due to the frequent inundation and saturation events, and low organic
matter and clay contents of typical rain garden substrates, resulting in concerns about
herbicide movement into surface or sub-surface water. Additionally, it is unclear if residual
herbicides would be useful tools in managing weeds in rain gardens. Laabs et al. (2)
reported that in wet, organic soils, the residual half-life for trifluralin, an herbicide
commonly used in landscape management, was less than 1 day. Thus, rain garden
maintenance professionals are hesitant to use herbicides.
A survey of the weed incidences, substrate composition, and substrate pH was conducted
for sixty-six rain gardens that were at least seven year’s post-installation and located
throughout the piedmont of North Carolina. The relative abundance of weed species
present in each rain garden during the summer (June – August, 2015) and winter
(December, 2015, data not presented herein) was recorded. Ten random substrate
samples were collected across the diagonal of each rain garden and combined for
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analysis of substrate pH and electrical conductivity using the 2:1 procedure (1) and a
combination EC/pH meter (HI 8424, Hannah Instruments, Ann Arbor, MI).
Results and Discussion Based on the results thus far, most rain gardens are installed
and then lack adequate maintenance. Many gardens were inundated with weeds to such
an extent that the ornamental plants were completely covered (Fig. 1). As observed
during site visits, rain gardens that were not inundated with weeds were likely to have
been treated with herbicides even though there are no products that are specifically
labeled for use in these landscape features. Evidence of recent herbicide applications
was observed and several of the weed free rain gardens had evidence of recent herbicide
application (Fig. 2).
Sixty-two percent of the rain gardens sampled received stormwater runoff from a parking
lot, 30% from a rooftop and 10 and 11% from hardscapes or roadways, respectively (Table
1). Filter bed substrates varied in soil texture (clay, clay loam, loamy sand, sand, sandy
clay, sandy clay loam, and sandy loam) and pH (Table 1). In North Carolina, North
Carolina Division of Environment and Natural Resources recommends sand-based filter
bed substrates to be 85-88% by volume sand, 8-12% fines (silt and clay), and 3-5%
organic matter (3). The maximum pH of the filter bed substrates sampled was 6.9, the
minimum pH was 3.8, and the average pH was 5.2 (Table 1). Of the 66 rain gardens
sampled, the pH of 59% were below 5.5, the pH of 6% were above 6.5, and 27% of them
had a pH between 5.5 and 6.5. Recommended pH for most ornamental landscape plants
is between 5.5 and 6.5 (4). A substrate pH as low as 3.8 can inhibit nutrient uptake,
especially P which is one of the most common pollutants in stormwater runoff. Most of the
rain gardens sampled (47%), were appropriately mulched while in 26% and 30% there
was evidence of erosion and sediment accumulation that could reduce the functionality of
the garden (Table 1). Accumulation of fine soil particles on top of the mulch or filter bed
substrate (as seen in Fig. 2) will slow infiltration and potentially result in the rain garden
overflowing.
Eighty-four different species of warm season weeds were identified (Table 1). Various
species of tree seedlings were the most abundant weeds and were present in over 85% of
the sites (Figure 3). This finding is due, in part, to the “weedy” nature of some of the tree
species recommended for rain gardens (namely Acer rubrum, Betula nigra, Cercis
canadensis, and Myrica cerifera). Herbaceous perennial weeds including lespedeza,
yellow nutsedge, dog fennel, and blackberry comprise the next most prevalent weed
species identified (Fig. 3). Dog fennel and blackberry were tall enough to shade out many
of the ornamental herbaceous perennials planted in these gardens. American burnweed,
oxalis, and spotted spurge were the most common summer annual weeds and were found
in roughly 1/3 of the rain gardens sampled (Fig. 3).
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Figure 1. Rain garden covered in kudzu on the campus of North Mecklenburg High
School in Huntersville, NC.
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Figure 2. Weeds that had been treated with an herbicide and were beginning to die
and sediment accumulation in a rain garden in the Six Forks Office Park in Raleigh,
NC.

Top Ten Warm Season Weeds
Tree Seedlings

85%

Lespedeza

61%

Yellow Nut Sedge

55%

Dog Fennel

42%

Blackberry

38%

American Burn…

36%

Oxalis

32%

Spotted Spurge
Virginia Button…
Poke weed

30%
26%
24%

Figure 3. Ten most common seed species identified in the sixty-six rain gardens sampled,
ranked by the percentage of gardens in which they were present.
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Table 1. Characteristics of rain gardens sampled and sources of stormwater runoff.
Rain Gardens Sampled (66 total)
Different weed species identified:
84
Average pH:
5.18
Max pH:
6.9
Min pH:
3.8
% Mulched:
47.0%
% with Erosion:
25.8%
% with Sediment:
30.3%

Runoff Source(% of total)
Parking lot
62%
Roof
30%
Hardscape
10%
Road
11%
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LSU AgCenter Louisiana Super Plants – 2017 and 2018 Winners Announced
Allen Owings, Regina Bracy and Dan Gill
LSU AgCenter Hammond Research Station, Hammond, LA 70403
aowings@agcenter.lsu.edu
Significance to Industry The LSU AgCenter’s Louisiana Super Plants program debuted
in 2010. With the announcement of three new varieties for 2017 and three new winners for
2018 the program has now identified 43 great landscape plants as for statewide marketing
and promotion. The goal of this program has been to identify and promote exceptional
plants that perform well in Louisiana. Some of these are new varieties and some are older
varieties with a prior proven track record. You can see more about Louisiana Super Plants
at www.lsuagcenter.com/superplants.
Nature of Work The LSU AgCenter and Louisiana’s nursery and landscape industry,
through the Louisiana Nursery and Landscape Association, identified the need for a statebased program that uses university research to identify and promote exceptional plants.
Similar programs, such as Texas Superstars and Mississippi Medallions, are on-going in
other states. Funding for this project was initially provided through the Louisiana
Department of Agriculture and Forestry with U. S. Department of Agriculture Specialty
Crop Block Grant Program funds. The LSU AgCenter’s Hammond Research Station,
partnering with the School of Plant, Environmental and Soil Sciences, leads the program.
Each Super Plant must have at least two years of rigorous evaluations and have a proven
track record under north and south Louisiana growing conditions. Louisiana Super Plants
must prove hardy across the state. Louisiana Super Plants must be easily produced and
available for all nursery and landscape industry wholesalers and retailers to market and
sell.
Louisiana Super Plants are selected a year or two in advance of a public announcement.
The program results in home gardeners having an increased awareness of better
performing landscape plants. A motto of the program is “university tested and industry
approved”.
Results and Discussion Three new Louisiana Super Plants are being announced for
2017. Three new Louisiana Super Plants are also being announced for 2018. Louisiana
Super Plants for 2017 are the compact varieties of SunPatiens, ‘Henry’s Garnet’ Itea
(Virginia willow), and ‘Supertunia Vista Bubblegum’ petunias. Louisiana Super Plants for
2018 are ‘Intenz Classic’ celosia, ‘Limelight’ Hydrangea paniculata and ‘Little Gem’
Southern magnolia. Past Louisiana Super Plant winners based on category are:

Landscape Section

106

SNA Research Conference Vol. 61 2016

Cool Season Flowers
 Amazon dianthus
 Swan columbine
 ‘Diamonds Blue’ delphinium
 ‘Redbor’ kale
 Sorbet violas
 Camelot foxglove
Warm Season Flowers
 BabyWing begonias
 Bandana lantanas
 Butterfly pentas
 Evolution salvia
 ‘Serenita Raspberry’ angelonia
 ‘Little Ruby alternanthera (Joseph’s coat)
 ‘Senorita Rosalita’ cleome
 Serena angelonia
 Luna hibiscus (rose mallow)
 Kauai torenia (wishbone flower)
 Mesa gaillardia
 Henna coleus
 ‘Fireworks’ fountain grass
 ‘Homestead Purple’ verbena
Flowering Shrubs











Trees





‘Aphrodite’ althea (rose of Sharon)
‘Belinda’s Dream’ rose
‘Conversation Piece’ azalea
Drift roses
‘Frostproof’ gardenia
‘Penny Mac’ hydrangea
‘ShiShi Gashira’ camellia
‘Leslie Ann’ camellia
‘Flutterby Petite Tutti Fruitti Pink’ buddleia (butterfly bush)
Rabbiteye blueberries
‘Mrs. Schiller’s Delight’ viburnum
‘Shoal Creek’ vitex
Southern sugar maple
Willow oak
Evergreen sweetbay magnolia

Conclusion A survey of retail and wholesale businesses participating in Louisiana Super
Plants showed that 80% of respondents said the program had a positive effect on their

Landscape Section

107

SNA Research Conference Vol. 61 2016

business. Fifty percent of the respondents said sales or use of Super Plants in their
business increased from 21 percent to 40 percent after the promotion began; the other 50
percent indicated increased sales of 20 percent or less. The survey indicated that not only
did the program increase sales of Louisiana Super Plants, but overall sales at a business
also increased. More than 60 percent said the Super Plants program increased traffic flow
or interest in their business. All the respondents indicated that the program increased
overall sales in their business from 10 percent to 60 percent. Eighty-five percent of the
respondents said the Louisiana Super Plants program had been beneficial to the nursery
and landscape industry. When asked to name the Super Plant that had the greatest
impact on sales, one respondent wrote “no one plant, but an increase in general plant
knowledge and interest.” The Louisiana Super Plants program is proving to be a marketing
plan that works.

Landscape Section

108

SNA Research Conference Vol. 61 2016

Responses of Five Landscape Shrubs to A Granular Plant Growth
Regulator over Three Years
Yan Chen, Allen Owings and Joey Quebedeaux
Louisiana State University Agricultural Center, Hammond Research Station
21549 Old Covington Highway, Hammond, LA 70403
yachen@agcenter.lsu.edu
Index Words Flurprimidol, irrigation, landscape maintenance, burford holly, elaeagnus,
ligustrum, sweet viburnum, wax myrtle.
Significance to Industry Flurprimidol is a gibberellin synthesis inhibitor with moderate
strength. Cutless.33G is a granular flurprimidol product that has shown effective growth
control in loropetalum and KnockOut roses in landscapes. As a granular product for root
uptake, landscape irrigation type may affect its availability to plants. In this study, Cutless
.33G at 0, 14, and 21 lbs/1000 ft2 were evaluated in combination with three irrigation
methods: micro-sprinkler, drip, or no-irrigation, for their effects on maintaining five plant
species commonly used as landscape hedges: burford holly, elaeagnus, ligustrum, sweet
viburnum, and wax myrtle. Plants were planted in 2012 and treated in spring 2013 and
2014. Results indicated that plant responses to Cutless were species specific, with wax
myrtle being the most responsive, burford holly and ligustrum moderately responsive.
Elaeagnus and sweet viburnum had very little or no response to Cutless over both growing
seasons. Irrigation effect was significant for wax myrtle, burford holly, and ligustrum in
2013 that micro-sprinkler providing supplemental water to rainfall resulted in greater plant
growth reduction than no-irrigation. However, this effect was inconsistent in 2014 when
irrigation was rain-delayed due to frequent rainfall events. Wax myrtle had significant
reduction in time spent on trimming in 2014 and 2015, with wax myrtle, ligustrum, and
burford holly treated with 21 lbs/1000 ft2 resulted in a significant reduction in trim waste.
Overall, Cutless benefits growth control of fast growing plant species and irrigation may
facilitate or impede its update depending on specific water requirement of the species.
Nature of Work Many evergreen shrubs are used as hedges or borders in urban
landscapes. Along the Gulf States, frequent sheering is required to maintain desired size
and shape of hedges during a growing season, which lasts from March to October.
Sheering is one of the biggest cost contributors to landscape service companies because
of the labor spent on trimming, cleaning up, and associated cost of fuel and equipment
wear. In addition, frequent sheering increases disease incidences by wounding the plant.
Cutless.33G (SePRO Corporation, Carmel, IN) is a granular formulation of the plant
growth regulator flurprimidol, a GA biosynthesis inhibitor, and is registered for managing
growth of woody and perennial plants in established landscapes (1). As indicated by
previous studies, effectiveness of Cutless .33G varies among plant species (2, 3, 4). In
addition, its regulation depends on timely delivery of the material to roots, which is affected
by irrigation and rainfall. Drip or micro sprinklers are commonly used in landscape
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plantings including hedges and borders, especially during the first one or two years after
planting. The objective of this 3-year study was to determine possible interactions
between three irrigation methods (overhead micro-sprinkler, drip, and no irrigation) and
three rates of Cutless.33G (0, 14, and 21 lbs/1000 ft2) applied to five woody ornamental
plants that are often used as hedges in a simulated landscape field.
The experiment was conducted in Hammond, LA (USDA Plant Hardiness Zone 8b) from
October 2012 to June 2015. Nine raised beds, each 4’ wide x 196’ long, were prepared by
removing existing vegetation by RoundupPRO Plus an adding 2” deep bedding mix (a mix
of top soil and utility trim compost, Natures Best Inc., Baton Rouge) and 4” deep pine bark
to existing soil. The experimental design was a split plot design with three main plots each
having three long beds, each of which was assigned with one of the three irrigation
methods. Each long bed was then divided into 12 field plots, each 4’ wide x 12’ long.
There were a total of 108 field plots (treatment unit). Azalea, burford holly, elaeagnus,
ligustrum, sweet viburnum, and wax myrtle in 3-gal containers, fifty-four plants each, were
transplanted on 9 Oct. 2012. Three plants of the same species were planted at 4’ centerto-center spacing into each field plot, with all six species repeated twice within each long
bed. The three Cutless rates were assigned to 18 field plots of each species as a
Completely Randomized Split-Plot Block Design with two replications. All plants were
trimmed slightly at the time of transplant to maintain similar size and shape within each
species and promote branching. Plants were fertilized with Agriform 21 g tablets (20N4.8P-3.9K), 2 tablets per plant, at planting. All plants were irrigated with micro-sprinklers
for the first 6 months after transplant.
On 4 Mar. 2013, prior to Cutless treatment, irrigation was changed to designed treatment
methods and schedules. Drip irrigation was delivered by two 0.5 gph emitters (RainBird,
Azusa, CA) per plant. Micro-sprinkler treatment was delivered by seven Antelco sprinklers
(0.04 orifice) arranged on both sides of the individual plots (Antelco Corp., Longwood, FL).
Both irrigations were scheduled to deliver 0.5 gallon of water to each plant at each
watering. Plants under no-irrigation treatment depend solely on rain water. Total
precipitation from 4 Mar. 2013 to 31 Dec. 2013 was about 9.3 inches (LSU AgCenter
Weather Reports).
Cutless was applied on 10 Apr. 2013 and 7 Apr. 2014 as a topdress to soil surface, which
was followed with three rainfall events (0.02” on 11 Apr, 1.46” on 12 Apr, and 1.15” on 14
Apr). Amounts of Cutless applied were calculated by plot area, which was 4’ x 12’ for a
total of 48 ft2. Plants were measured monthly in May and June, and then again in August
and October. Plant growth was measured as plant height (from soil surface to the tallest
point of the plant) and width (average of the widest width and perpendicular width to the
widest width). Plants were also measured for leaf greenness by a SPAD meter, and rated
for overall appearance.
Over the 2014 growing season, elaeagnus, wax myrtle, and sweet viburnum were large
enough to be trimmed into hedges, with plant width maintained at 5’, 6’, and 6’,
respectively. Burford holly and ligustrum were still trimmed as individual plants to keep
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plant shape. Hedges and plants were trimmed in May and Sept. 2014, and in Feb. and
June 2015. Time spent on trimming each hedge (of three plants) and weight of trimming
waste were measured at each trimming. Azalea bushed were not treated nor measured.
Data were analyzed by ANOVA for each species and Repeated Measurement was used to
compare overall effect of main factors (SAS v 13.1, SAS Institute, Cary, NC). Only partial
data are presented due to page limit.
Results and Discussion Responses of the five plant species are different, and wax
myrtle was the most responsive and also grew the most during each growing season.
Cutless.33G application significantly reduced wax myrtle height over time for both growing
season, and only insignificant in Apr. 2014 when plants were trimmed into hedges at the
same height (Table 1). Compared with wax myrtle, burford holly and ligustrum responded
moderately with either only responded to the high rate (burford holly, data not shown) or
responded for shorter time period after treatment (ligustrum, only responded for two
months after each treatment in each year, Table 1). Elaeagnus and sweet viburnum had
very little or no response to Cutless over both growing seasons. The effects of irrigation
on plant growth was inconsistent among plant species and between years (Table 1) with
interactions with Cutless rate for some sample dates (Fig 1 for wax myrtle Sept. 2014 data
only). Because 2013 had significantly less precipitation than 2014, plant responses to
supplemental irrigation were more significant in 2013 with all species responded positively
to supplemental irrigation except sweet viburnum, which had no response to irrigation. For
the other four species, effects tended to become less significant or no longer significant in
2014 when ~ 26” total rainfall was recorded and frequent rain delays placed by irrigation
controller for sprinkler and drip irrigation. Micro-sprinkler may have facilitated Cutless
availability to wax myrtle plants treated at the high rate (Fig 1A), however, this effect was
inconsistent in other species responded to irrigation (data not shown).
For wax myrtle, effects of Cutless rate and irrigation on time spent on trimming and weight
of trim waste to clean up followed the same trends as their effects on plant height (Fig 1 B
and C). When no supplemental irrigation was provided, Cutless.33G was able to reduce
time spent on trimming by about 60 and 75 seconds at the 14 and 21 lbs/1000 ft2 rates,
respectively, representing 27% and 34% time saving compared to the untreated plants,
which was also significant at a later trim in Feb. 2015 (data not shown). However, this
effect was inconsistent when supplemental irrigation was provided (Fig 1B).
From these preliminary results over the first growing season, effect of Cutless .33G varied
among plant species with wax myrtle being the most responsive and sweet viburnum
being no response. With 9.2 inch of rain over the growing season, irrigation method only
had transient effect on plant growth. Effect of Cutless was slightly affected by irrigation but
the interaction was also transient and not significant in most cases. More treatments will
be applied in the next two years and observations will be reported when available. Plant
trim waste in Sept. 2014 indicated significant Cutless effects regardless of irrigation
methods, where all treated plants had much less waste (Fig 1C). This provide additional
benefits as less waste to clean up also provides savings in terms of time, fuel, and further
effort to treat the waste in order to comply with bans for disposing landscape trimming
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waste in landfills in many municipal areas. The effect on trim waste was also significant in
burford holly and ligustrum in 2014, and in wax myrtle by Feb. 2015 (data not shown).
In summary, Cutless.33G was effective in reducing plant growth, time spent on trimming
and trim waste for wax myrtle and burford holly (data not shown), however, effects were
less significant for elaeagnus and ligustrum, and no effect was found with sweet viburnum.
Irrigation may facilitate availability of Cutless to plants but the effect seems to limit only
when rainfall is scarce for prolonged period after irrigation, and plant growth response to
irrigation is species specific, further complicate the outcome of supplemental irrigation.
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Table 1. Significances of treatment effect on plant height by Cutless .33G rate and
irrigation treatments as indicated by ANOVA p-values.
Yearz
Treatmenty
Elaeagnus

Rate
Irrig.
Burford holly Rate
Irrig.
Ligustrum
Rate
Irrig.
Wax Myrtle
Rate
Irrig.
Sweet viburnum Rate
Irrig.

2013x

2014x

May June Aug. Oct. Feb.Apr.Aug.Oct.
NS
NS
NS
*
**
NS
*
**
NS
NS

**
*
*
**
NS
NS
***
**
NS
NS

NS
NS
**
NS
**
*
***
*
NS
NS

NS
NS
*
NS
NS
NS
**
NS
NS
NS

NS
NS
*
NS
NS
NS
***
*
NS
NS

NS
NS
**
NS
**
NS
NS
NS
NS
NS

NS
NS
*
**
*
NS
**
**
NS
NS

NS
NS
*
NS
NS
NS
**
NS
NS
NS

z

Interactions between rate and irrigation method was significant in some cases but did not affect the main
effects of the two treatment factors.
y
Data collected in 2013 and 2014 are presented severalty because of significant difference in all plant
measurements between the two years.
x
NS = not significant, * = α level at 0.1, ** = α level at 0.05, and ***”= α level <.0001.

Landscape Section

112

SNA Research Conference Vol. 61 2016

B

A
140

100

b
c

b

a

b

80

a

a

ab

ab

Time spent on trimming (sec.)

Plant height (inch)

120

250

a
a

b

60
40
20
0

200

b

b
c

a
ab
b

150

100

50

0

No-irrigation

Drip

Microsprinkler

No-irrigation

Irrigation method

Drip

Microsprinkler

Irrigation method

C
25

a
a

Trim waste (kg)

20

a
b

15
b
b
10

b

b

c
5

0
No-irrigation

Drip

Microsprinkler

Irrigation method

Figure 1. Plant height (A), time spent on trimming (B), and weight of trimming waste of wax
myrtle in Sept 2014 (5 months after Cutless .33G application on 7 Apr. 2014). Letters
above bars indicate treatment effects within an irrigation method, with bars denoted with
the same letter being not significantly different.
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Plants with Potential 2016: An LSU AgCenter Ornamental Plant Awareness Program
Jason Stagg, Allen Owings and Gina Hebert
LSU AgCenter, Hammond Research Station 21549 Old Covington Hwy
Hammond, LA 70403
jstagg@agcenter.lsu.edu
Index Words Plant introductions, landscape performance potential, wholesale and retail
nurseries, landscape professionals
Significance to Industry This is the second year of a new LSU AgCenter program to
introduce unfamiliar, non-patented plants to wholesale growers, retail garden centers and
landscape professionals in Louisiana. Plant species or varieties selected for the
program currently have limited or no distribution and use in the state, but evidence
suggests they have excellent landscape performance potential in our challenging
climate. The industry may benefit from learning about and receiving these stock plants
for evaluation of growth characteristics or customer interest. Nurseries may be able to
broaden their product lines and landscapers could diversify their plant material palettes to
enhance profitability. Use of non-patented plant material free from propagation
restrictions can present a significant cost savings and lower risk of offering these new
selections.
The LSU AgCenter’s Hammond Research Station (HRS) benefits from an extensive
network of plant professionals, allowing it to discover and acquire underutilized plants
that may already be performing well under our demanding growing conditions. This
program is designed only to increase awareness and distribution of such plants and is
therefore not an official trial study, but instead is an additional support mechanism offered
to the industry. The station is already an engaged industry partner and trusted source of
reliable landscape performance information for ornamentals, and the industry can now
plan for an annual “Plants with Potential” introduction at our spring industry open house
and lecture series held each May.
Nature of Work Nine plant species or varieties were introduced in spring 2015 to be
included in the program’s launch. Six additional plant species or varieties were
introduced in spring 2016. Choices were generally made based on observed landscape
performance of unfamiliar plant material previously acquired by the Hammond Research
Station. Plant sources range from “pass along” or heirloom plants to varieties offered for
sale on a very limited commercial basis. Some plants in the program will perform only as
annuals while others are true herbaceous perennials in Louisiana’s climate. Future
years’ introductions may diversify to include grasses and woody ornamentals. No
patented plant materials are considered for the program.
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Vegetative propagation of plants began in late fall and continued through early winter and
spring. Plugs or liners of some selections were ordered due to lack of sufficient
propagation material. The goal was to produce 150-200 trade gallon, quart or four-inch
size propagules. Production space was limited, but propagation targets were achieved
except for the pentas due to limited stock plants. The names of the six plants are
provided below along with a brief description of growth characteristics and background
source information (if known).
1. Aerva sanguinolenta AMARANTHACEAE (Red Velvet Plant) – Unusual tropical
foliage plant ideal for bed edgings and mixed containers. Aromatic, richly-colored
burgundy leaves. Produces small Alternanthera-like flowers during short day seasons.
Grows 18” x 14”. Plant in full to partial sun. Easily propagated by cuttings. Can be
perennial in warmer areas of Zone 9. The LSU AgCenter provided this plant to the
Louisiana Society for Horticultural Research (LSHR) for its 2016 plant release.
2. Cestrum x ‘Orange Peel’ SOLANACEAE (Orange Peel Cestrum, Orange Peel
Jessamine) – This is one of the best cestrums at HRS. A hybrid of Cestrum diurnum x
Cestrum nocturnum, this large tropical shrub will take the heat and can quickly grow to 48’ x 3-5’, making it ideal for background plantings. Dark green, deer-resistant narrow
leaves provide good contrast for the numerous golden yellow/light orange tubular
blooms. Plant in full sun with good drainage. Excellent hummingbird and butterfly
attractant. Fragrance is released at night, but does NOT smell like oranges! Blooms
May-June until first frost. Propagated by cuttings. Wholesale availability from Southwest
Perennials in Dallas, TX. Can be a deciduous shrub in warmer parts of Zones 8 and 9,
but may die back to the roots during cold winters. Needs good winter soil drainage.
3. Glandularia canadensis ‘Carlos’ VERBENACEAE (Carlos Verbena, Carlos Smith
Verbena) – Unique bi-color blooming verbena named after the late LSU AgCenter
Avoyelles County Agent/Horticulturist Carlos Smith who collected it from his great
aunt’s homesite near Monroe, LA. Possibly dates to the 1890s. Striking white to
lavender flower clusters adorn silver-green foliage. Individual flowers can express both
colors. Early season bloomer that slows during the summer heat. Cut back clump in
late summer for blooms to reappear in fall. Prefers drier soils, so good drainage is
important. Excellent in hanging baskets and containers. Attracts butterflies. Grows 910” x 18-24”. Propagates easily from cuttings. Typically evergreen in Zones 8 and 9.
4. Glandularia canadensis ‘Snow Flurry’ VERBENACEAE (Snow Flurry Verbena,
possibly Colonial White Verbena) – If you only have room for one verbena other than
‘Homestead Purple,’ this is it! HRS received its original plants from Billy Welsh at the Ira
Nelson Horticulture Center in Lafayette, LA. Pure white flower clusters bloom profusely
on lush, dark green foliage. Vigorous grower is more upright than most verbenas. Less
disease or pest issues. Will bloom all year long, but spring and fall flushes are the most
spectacular. Flowering slows during the heat of summer. Should be considered for fallplanted winter color as a companion to violas and snapdragons. Grows 8-12” x 15-18”.
Plant in full sun with good drainage. Beautiful in containers and hanging baskets.
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Propagates easily from cuttings. Butterfly attractant. Retail availability from Plant
Delights Nursery in Raleigh, NC. Evergreen in Zones 8 and 9.
5. Iresine herbstii AMARANTHACEAE (Red Iresine, Bloodleaf Plant, Chicken Gizzard
Plant, Beefsteak Plant) – Striking, colorful, lush tropical foliage plant has burgundy or red
leaves with magenta veining. Can be used as an annual similar to coleus. Retains leaf
color best in part sun or part shade. Average size is 1-2’ x 1-2’. Water regularly.
Occasionally found at retail garden centers. Easy cutting propagation. May be cold
hardy in Zone 9.
6. Pentas lanceolata ‘Pink Remembrance’ RUBIACEAE (Pink Remembrance Pentas) –
This old variety is very similar to ‘Nova,’ but has a softer light pink bloom that looks great
planted with ‘Nova.’ Plants at HRS are hardy but not quite as vigorous as ‘Nova.’ Grows
to 3’ x 2’ in full sun. Large clusters of 3-4” light pink, star-shaped flowers appear atop
dark green leaves from late spring through fall. Excellent butterfly and pollinator
attractant. Not known to be available commercially, but has been established for 15-20
years at the New Orleans City Park Botanical Garden. Propagated by cuttings, but with
less success than ‘Nova.’ Perennial in warmer areas of Zone 9.
Results and Discussion After propagation was complete, plants were grouped into sets
to distribute at the May 6, 2016 industry open house and lecture series at HRS. Three to
five examples of each plant type were also planted in display beds at the station to help
industry members visualize possible landscape applications.
Packets with plant descriptions and contact information forms were given to over 90
industry members at the open house registration booth. Over 40 forms were returned in
exchange for a complete set of plants. This level of interest is double the response in
2015. Since distribution of the nine 2015 plants was somewhat limited, all of those plants
were included in the set of 2016 plants. Surveys to rate the performance of these plants
will be sent in December 2016 via email.
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Best Management Practices for Boxwood Blight in Nurseries and Landscapes
Alan Windham1, Mark Windham2 and Katy Kilbourne3
1

UT Extension, Entomology and Plant Pathology Department, Nashville, TN 37211
2
Entomology and Plant Pathology Department, Knoxville, TN 37996
3
Tennessee Department of Agriculture, Nashville, TN 37220

Index Words Buxus, Calonectria pseudonaviculata, Cylindrocladium buxicola
Significance to Industry Boxwood is one of the most important woody ornamentals for
the nursery and landscape industry in the Southeast. In October 2011, boxwood blight
caused by Calonectria pseudonaviculata syn Cylindrocladium buxicola was identified in
Western North Carolina and Connecticut. Boxwood blight has been reported in Western
Europe since the 1990’s, however, these represented the first reports for boxwood blight in
the U.S. Since 2011, boxwood blight has been reported in many states and a few
Canadian provinces. In June, 2014, the first case of boxwood blight was identified on
boxwoods in a garden center in Chattanooga, TN. As of August 2016, boxwood blight has
been found in the three grand divisions of Tennessee: West, Middle, and East, primarily in
garden centers, “big box” stores and landscapes. Most, but not all of the plants originated
in West Coast nurseries.
Nature of the Work Boxwood blight caused by Calonectria pseudonaviculata represents
the greatest threat to the culture of Buxus spp. in the United States. Boxwood blight can
cause severe blight and leaf loss on susceptible cultivars. The biggest threat is the
movement of infected plant material throughout the United States. If the damage is to be
minimized, best management practices need to be implemented.
Results and Discussion Just as with any major plant disease, an integrated approach to
disease management works best, with our regulatory agencies, university research and
extension staff and nurseries working together. The rise of Phytophthora ramorum in the
nursery trade gave rise to the “Systems Approach” to the management of diseases and
insect pests (1,2). In the systems approach, all ‘critical control points’ (incoming plants,
media, water, propagation, field production, shipping) are scrutinized for weaknesses, for
avenues of pest/disease entry and spread. Also, boxwood blight compliance programs
have been implemented in some states as a means of minimizing the spread of disease
(3). Growers that sign up for compliance programs are committing their nurseries to follow
BMP’s and inspections to stop the spread of boxwood blight.
Best Management Practices for Boxwood Blight
1.
Purchase plants from nurseries that have been inspected and found free of
boxwood blight or from nurseries participating in a compliance program.
2.
Inspect incoming plants for symptoms and signs of boxwood blight.
3.
Isolate plants from existing Buxus stock for at least 30 days; no closer than 10 ft
from existing stock plants.
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4.
5.
6.
7.
8.
9.
10.
11.
12.

During the isolation period, do not apply fungicides. Fungicide applications may
mask symptoms of infected plants.
Train employees to recognize symptoms and signs of boxwood blight. Train
employees in the basics of sanitation and cultural practices that minimize
disease.
Scout production areas at least monthly for boxwood blight.
Sanitize pruning tools between cultivars and or blocks of plants.
Clean and sanitize pots, flats, cell packs used in boxwood production.
Use fungicides labeled for boxwood blight/leaf spot diseases to protect healthy
plants.
Maintain records of incoming plants and those shipped for a minimum of 12
months.
Collect samples of symptomatic tissue and forward to your dept of agriculture
and/or
plant disease clinic.
Report any positive detections to your department of agriculture.
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Screening of Endophytic Microorganisms from Flowering Dogwoods
(Cornus florida L.) for Their Pathogenicity and
Potential Biological Control Activity
Asha Maheshwari, M. T. Mmbaga and J. Watson
Department of Agricultural and Environmental Sciences
College of Agriculture, Human and Natural Sciences
Tennessee State University, 3500 John A. Merritt Blvd. Nashville, TN 37209
amaheshw@my.tnstate.edu
Significance to Industry Disease management using biological control agents (BCAs) is
an important practice in sustainable agriculture. It is a safer, natural and environmentally
friendly alternative that reduces conventional chemical usage to suppress plant pathogens
(1). Studies have reported several endophytic microorganisms that have potential as
BCAs in suppression of plant diseases (4). Endophytes reside internally in host vascular
tissues and often remain asymptomatic and undetected for the entire or part of their life
cycle. Existence of endophytic microorganisms has been known for over a century. They
are ubiquitous, geographically and evolutionarily diverse but still remain unexplored in
most plant species and are underutilized (5, 8). There are about one million species of
endophytic fungi globally comprising an extremely important genetic resource in
biotechnology (3). They produce bioactive metabolites that inhibit pathogenic
microorganisms and possess a wide array of biological applications as agro-chemicals,
such as insecticidal, BCAs, and in pharmaceutical etc. They are known to promote growth
and increase soil fertility and water retention (10). The observed biodiversity of
endophytes also suggests that they can be aggressive saprophytes, opportunistic
pathogens, or latent pathogens (2, 5, 8).
Nature of Work Flowering dogwood (Cornus florida L.) is native to the southeastern
region of the United States and it is of great economic importance (7). The objective of
this study was to identify microorganisms that colonize flowering dogwood; test their
pathogenicity and their potential application in biological control of fungal diseases.
Flowering dogwood stem samples were randomly selected from 8 different locations in
middle Tennessee (Otis L. Floyd Nursery Research Center, McMinnville, Nashville and
Murfreesboro). Stem samples were processed and surface sterilized. Segments were
plated onto acidified potato dextrose agar (APDA) and pure cultures were maintained on
potato dextrose agar (PDA).
For molecular characterization, microbial DNA was extracted and analyzed following
standard protocols; DNA sequence analysis was done at Eurofin Genomics, Louisville,
KY. The resulting sequences were analyzed using BLASTn tool against the Genbank
NCBI database and identity of the organisms was based on closest match. DNA
sequence of ≥ 99% identity was used for species identification while similarities of ≤ 97%
were used for genus identification (8). Detached leaf assay was carried out with the aim of
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identifying and screening isolated endophytes for their pathogenic potential,
nonpathogenic isolates were then tested for biological activity against known pathogens
using dual cultures in vitro technique.
To identify potential pathogens, healthy and mature flowering dogwood leaves were
collected from plants and surface sterilized using 10% CloroxTM for 3 minutes followed by
three repeated washings with sterile distilled water. Leaves were blotted dry using sterile
paper towels and placed in a moist chamber created by using moist paper towels at room
temperature. Cork-borer of 6 mm diameter were used to cut plugs of test fungi cultures
from the colony edge; the fungal plugs were placed on one half of leaf and sterile PDA
plugs of same size were placed on the other half leaf as the control. Each isolate was
tested in four replicates. Inoculated leaves were incubated at 100% relative humidity (RH)
and monitored for necrosis symptoms. Leaves that showed defined necrosis were
compared to control and the necrosis-causing pathogen was re-isolated on PDA by using
a small piece of leaf tissue cut from the margin of the necrotic lesion.
Nonpathogenic isolates were evaluated for biological control activity against known fungal
pathogens including Fusarium verticillium, Fusarium oxysporum, Fusarium solani,
Cercospora sp., and Macrophomina phaseolina. An in-vitro dual culture technique was
used in which 6 mm diameter mycelial plugs of pathogen and test organism were placed in
the same PDA plate 6 cm from each other. Plates with only the pathogen and only test
organisms were used as controls. Cultures were incubated at room temperature with a
replication of 4 plates per culture arranged in a randomized complete block experimental
design. Colony growth was measured after 7, 14 and 21 days growth and pathogen
growth inhibition (PGI) was calculated using a formula PGI (%) = PC-R1/ PC X 100 in
which PC = the distance from the point of inoculation to the colony margin on the pathogen
control plates; R1 = the distance of pathogen growth from the point of inoculation to the
colony margin towards the BCA colony.
Results and Discussion Out of 67 isolates evaluated for pathogenicity, the majority did
not cause necrosis on detached leaves indicating that they were non-pathogenic.
However, a few isolates caused clearly defined necrosis, which rapidly spread across
entire leaves within a few days (Fig. 1) indicating latent infections in the asymptomatic
plants from where the endophytes were isolated. The ability of some pathogenic
microorganisms to colonize plant vascular tissue as latent infections without causing
disease symptoms may be one of the survival mechanisms of plant pathogens when the
environment is not favorable for disease development.
Evaluation of nonpathogenic isolates for antagonistic activities against known plant
pathogens is on-going, most of the 20 isolates evaluated showed distinct inhibition zones
against at least one pathogen tested (Fig. 2). The percentage growth inhibition of various
isolates varied from 0-50% and 5-90% on two pathogens (Fig. 3). This suggested that
some isolates had no effect while others had high potential as BCA (50-90%). Previous
studies on bacterial BCA from dogwood endophytes showed that they produce secondary
metabolites that suppress fungal growth and powdery mildew spore germination,
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subsequently leading to plant disease control. Their role in conferring host defense by
systemic induced resistance and other mechanisms has been implied (6, 9). Although only
a small proportion of isolated endophytes have been tested in dual cultures, they will still
need to be evaluated in-vivo on plants in green house and field studies to analyze the
actual potential of these endophytic fungi in biological control to identify new BCAs against
various plant pathogens.
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a

b

Figure 1. Detached leaves inoculated with 6mm mycelial plugs with test isolate on one half
leaf and a sterile PDA on the second half leaf; infections from (a) pathogenic isolates and
(b) nonpathogenic isolates after 10 days incubation period.

Figure 2. The in vitro interaction of potential BCAs (right photo in each two photo set) and
known fungal pathogens (left photo in each photo set) after 14 days post inoculation.
a

b

Figure 3. Percentage growth inhibition (PGI %) of various endophytic fungal isolates as
potential biological control agents against (a) Fusarium sp. and (b) Macrophomina
phaseolina.
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The Mode of Action of Bacterial Biocontrol Agents Against Powdery Mildew in
Cornus florida
Emily Rotich, Margaret T. Mmbaga and Parama Sikdar
Tennessee State University, College of Agriculture, Human and Natural Sciences
3500 John A Merritt Blvd, Nashville, TN. 37209
erotich@tnstate.edu
Index words Biological control
Significance to Industry Nursery production of flowering dogwood has been facing
disease constraints that significantly reduce plant growth and aesthetic value, and
necessitate routine fungicide applications (3). This practice has caused considerable
increases in the cost of production, and led to a decline in the number of farmers
producing flowering dogwood for commercial purposes. The increased fungicide use has
also caused concerns over fungicide resistance and safety associated with accidental
exposures.
Nature of Work Biopesticides and biological control agents (BCA) are environmentallyfriendly alternatives to conventional fungicides. Epiphytic and endophytic bacteria isolated
from flowering dogwood have been shown to significantly suppress powdery mildew
disease severity (2). This study explored the mechanism of action of the selected BCAs.
This is an important resource for safer antifungal products that may be used solely, or as
part of an integrated fungicide management for powdery mildew in C. florida. The
objective of this study was to determine the mechanism of action of three bacterial
biological control agents against powdery mildew in Cornus florida. These biological
control agents have been identified as B17A (Stenotrophomonas sp.), B17B (Serratia sp.),
and IMC8 (Bacillus sp.).
Biological control of powdery mildew has varying mechanisms of action. First, the
microorganisms and their products can induce host defense mechanism; hence protect
the plant against powdery mildew infection. Secondly, the biological control
microorganisms may naturally attack the powdery mildew structures and limit the growth
and spread of powdery mildew infections. This study was conducted to determine if the
selected organisms activate enzymes associated with plant defense as one mechanism of
action. The activation of Peroxidase enzymes (PO), Polyphenol oxidase (PPO) and β 1,3-glucanase by using BCA was evaluated on detached leaves harvested at different time
points after treatment with the BCAs. The enzymes in plant extracts at 0h,15h, 26h, 48h
and 72h post inoculation (pi) were obtained from 1g of ground leaf, extracted with 2ml of
0.1M sodium phosphate buffer (pH7.0) at 4˚C (1). The homogenate was centrifuged at
10,000rpm for 15 min at 4˚C, and supernatant used to test for enzyme activity. The test
for PO, PPO and β -1,3-glucanase was started using recommended reaction mixtures, and
change in absorbance was recorded. The enzyme activity was expressed as change in
absorbance min-1mg-1protein (4).
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In addition, BCA and powdery mildew mycelia interactions were evaluated using a
scanning electron microscope. Since powdery mildew mycelia grows on leaf surfaces and
only food absorbing structures (haustoria) penetrate leaf epidermis, the direct effect of
BCA on powdery mildew mycelia (hyphae and spores) was observed under scanning
electron microscope starting at 3, 6, 15, and 48 h; and 5 days after leaf treatment with
biocontrol agents.
Results and Discussion The enzyme activity associated with plant defense responses
showed that B17A treatment resulted in a higher PO, PPO and β-1,3-glucanase
(proportion of BCA treated to no-treatment control) at all time points tested; compared to
treatments with B17B and IMC8 (Table 1). Although PO, PPO and β-1,3-glucanases are
abundant, highly regulated enzymes that are widely distributed throughout the plant
kingdom, increases in PO, and PPO have been associated with plant defense against
herbivores and microbial pathogens. In addition, several classes of pathogenesis-related
(PR) proteins such as β Glu (the PR-2 family) are also involved in plant defense against
microbial pathogens. Increases of enzyme activity triggered by BCA applications as
shown in Table 1 suggest that the BCA may trigger plant defense as one of their
mechanisms of action against powdery mildew. There is now compelling evidence that β
Glu associated with β-1,3-glucanases can help defend plants against fungal infection.
Observations from this study indicated that B17A activated higher enzyme activity than the
other two BCAs and further suggested that this BCA may trigger antifungal activity through
the synthesis of plant enzymes associated with plant defense. More studies are needed to
confirm these results.
The micrographs appearance showed colonization of powdery mildew by the BCAs at 3h
pi resulting in disintegration of the mycelia of the powdery mildew hyphae and spores by
day 5 post inoculation. Massive mycelial disintegration was observed as shown in Figure
1 and both spores and hyphae were colonized by the BCAs. These results suggest that
the selected BCAs may have more than one mechanisms action; where both parasitism
and induced systemic resistance mechanisms of action may be involved.
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Table 1: Enzyme activity associated with plant defense that were triggered by biological
agents on dogwood leaves.
Time after
treatment
15h
26h
48h
72h
15h
26h
48h
72h
15h
26h
48h
72h

Enzyme
Name
PO

PPO

Beta-glucanase

B17A
1.676
1.289
1.309
0.991
3.162
1.471
2.440
2.539
1.800
1.126
1.035
1.019

Proportion of BCAs enzyme activityz
B17B
IMC8
1.138
1.584
0.598
0.848
0.548
0.847
0.626
0.722
0.800
1.800
0.558
0.553
1.540
2.026
0.419
1.769
0.506
0.591
0.479
0.632
0.732
0.803
0.444
0.728

z

The proportion of enzyme activity was calculated by using formula: Proportion = enzyme
activity of BCA-treated samples/enzyme activity of non-treated samples.
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Figure 1. The micrograph appearance of powdery mildew mycelia of (a) nontreated
control; (b) BCA treated at 3h pi; and (c) BCA treated 5 dpi, where (i) B17A; (ii) B17B; and
(iii) IMC8.
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A Stem Gall Disease on Loropetalum
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Index words Loropetalum chinense, Pseudomonas savastanoi,
Significance to Industry Loropetalum chinense, also known as Chinese fringe-flower
and Chinese witchhazel is a popular landscape plant in USDA hardiness zones 7b-9. The
white flowered species was introduced in the late 1800’s but the plant did not gain
widespread use until the purple-leaf, pink-flowering cultivars were introduced in the late
1980’s (1). Today, the purple leaf cultivars are a staple in many container nurseries in the
southeast. Three large growers in Alabama reported the combined value of their
loropetalum crops to be in excess of 7 million dollars (personal communication). Recently,
a gall disease has caused significant losses in commercial nurseries. The disease has
also been observed in landscape plantings. Growers in just two Alabama counties have
reported disposing of up to $1,000,000 worth of diseased plant material either voluntarily
or by regulatory order from the Alabama Department of Agriculture and Industries (ADAI).
Nature of the Work The gall producing disease observed on loropetalum causes dark
colored, tumorous woody and callus like outgrowths (Figure 1). Galls form on the main
stem, branches, and twigs of loropetalum and often girdle the stem causing dieback above
the infection. A bacterium, Pseudomonas savastanoi was isolated from the galls of
Loropetalum and was first identified in Alabama in 2013 (2). Koch’s postulates were
performed on healthy loropetalum liners by wounding and inoculating the lower stem of
healthy loropetalum liners with a bacterial suspension (107 CFU/ml). Wounds were made
with a needle or by slicing a small section of the bark.
Results and Discussion All plants inoculated with the bacterium developed gall
symptoms and no plants in the controls showed symptoms of the disease. The pathogen
was reisolated from symptomatic galls The isolates were identified as Pseudomonas
savastanoi using gene sequencing from DNA extracted from each pathogenic isolate (2).
Pseudomonas savastanoi is a serious pathogen of olive (Olea europaea) (3). Galls
caused by this pathogen are often observed on sweet olive (Osmanthus fragrans) and
oleander (Nerium oleander) and it is reported on ash, privet and forsythia but damage is
usually not severe on any of these hosts. Unpublished pathogenicity tests suggest the
pathovar attacking loropetalum is different from Pseudomonas savastanoi pathogens on
other hosts.
Loropetalum gall has been identified throughout the southeast. Symptoms and gall
locations on the outer branches of plants suggests the bacterium can be spread through
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pruning (Figure 2). The bacterium enters through wounds and because loropetalum is
susceptible to cold injury, damage caused by bark splitting and freeze damage is a likely
entrance point for the bacterium.
Little is known about the spread and control of bacterial gall of loropetalum and research is
underway to determine best practices for managing this disease.
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Figure 1. Massive bacterial gall on the lower stem of a container grown loropetalum.
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Figure 2. Smaller galls on outer branches of loropetalum.
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Evaluation of Fungicides and Biorational Products in Management of Powdery
Mildew Disease of Dogwood
Fulya Baysal-Gurel, Md Niamul Kabir, Prabha Liyanapathiranage and Terri Simmons
Tennessee State University
Otis L. Floyd Nursery Research Center
McMinnville, TN 37110
Index words Cornus florida L.
Significance to Industry Flowering dogwood (Cornus florida L.) is a commonly used
ornamental tree in landscape and home gardens with showy bracts, red fruit, and
attractive foliage. Powdery mildew is one of the most important diseases in containerized
or field nursery production of flowering dogwood since 1994 (1). Fungicides are important
tools for managing powdery mildew diseases in nursery production. However, resistance
to fungicides in plant pathogens and their environmental side effects are major concerns of
end-users. Biorational products are characterized as being highly specific in their activity
while delivering distinct economic, health, and environmental benefits. The purpose of this
study is to provide efficacy test results for dogwood powdery mildew management to help
nursery producers make decisions about fungicides and biorational products to use on
their production.
Nature of Work Flowering dogwood is one of the most beautiful native, American
flowering trees used in the nursery and landscape industry. Infected leaves exhibit
yellowing, marginal leaf scorch, reddish discoloration, dead patches and premature
defoliation. Powdery mildew spreads very quickly, with masses of conidia produced from
each new infection.
The objective of this research was to evaluate the effect of different fungicides and
biorational fungicides on dogwood powdery mildew severity.
Biorational products and fungicides including Actinovate, GC Pro, ZeroTol, MBI-110,
Regalia, Triact 70, Pageant, Concert II, Mural and Cleary’s 3336F were tested (Table 1).
Uniform 15 cm seedlings of Cornus florida ‘Cherokee Princess’ were potted into #1
nursery container in a greenhouse. A pine bark substrate was amended with Micromax
(The Scotts Co., Marysville, OH), AquaGro (Aquatrols, Paulsboro, NJ) and 19-5-9 (19N2.2P-7.5K) Osmocote Pro 12 to 14 month controlled release fertilizer (Everris, Dublin,
OH). Pots were hand watered daily until the end of the experiment. Treatments were
applied to foliage with hand held sprayer at the label rate until run off. Untreated plants
served as control. All seedlings were placed in the greenhouse to monitor powdery mildew
development 7, 14, 21 and 28 days after the first application. The severity of powdery
mildew on foliage and phytotoxicity were evaluated using a scale of 0-100% foliage
affected. Area Under the Disease Progress Curves (AUDPC) was calculated using the
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formula AUDPC = ∑[(Xi+1 + Xi)/2](ti+1–ti). The experiments were done twice. The
experimental design was a randomized complete block design, and treatments were
arranged with four replications of four plants each. Analysis of variance (ANOVA) was
performed on the data set using the general linear model (GLM) procedure and the means
were separated using Fisher’s least significant difference (LSD) test with SAS statistical
software.
Results and Discussion In both experiments the severity of powdery mildew was high
(~80 and 90% foliage affected, non-treated control)(Table 2). All treatments except
Actinovate (in second experiment) significantly reduced powdery mildew severity and
disease progression compared to the non-treated control. Fungicides Concert II, Pageant,
Mural, Cleary’s 3336F and GC Pro significantly reduced dogwood powdery mildew
disease severity during the experiment periods compared to the other treatments and the
non-treated control. However, GC Pro was phytotoxic on flowering dogwood foliage in
both experiments (~25 and 30% foliage affected). Phytotoxicity was observed in the form
of necrotic flecks and streaks on foliage. Biorational products Regalia and Triact 70
effectively reduced powdery mildew, but disease progression and final severity ratings in
these plants were statistically comparable to those treated with fungicides.
An integrated approach should be used to control dogwood powdery mildew in the nursery
production. Results of both greenhouse experiments indicate that fungicides Concert II,
Pageant, Mural, Cleary’s 3336F provide control of powdery mildew. Nursery producers
could benefit from using Regalia and Triact 70 alone or in a rotation of the fungicides
typically sprayed to control powdery mildew in dogwood.
Acknowledgements
We would like to thank Syngenta, BASF, OHP, BioSafe Systems LLC, and Marrone Bio
Innovations, Inc. for providing the materials. This work was funded by Tennessee State
University's Nursery Research Center.
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Table 1. Treatments, active ingredients, rates, application interval and application number.
Application Application
Treatment
Active Ingredient
Rate
interval
number
Streptomyces
Actinovate
8 g/2 gal
7 days
3
lydicus
Sodium Carbonate
GC Pro
6 lb/100 gal
7 days
3
Peroxyhydrate
Hydrogen Dioxide +
ZeroTol 2.0
2%
7 days
3
Peroxyacetic Acid
Bacillus
MBI - 110
1%
7 days
3
amyloliquefaciens
Reynoutria
Regalia
1%
7 days
3
sachalinensis
Clarified
Triact 70
Hydrophobic Extract
2%
7 days
3
of Neem Oil
Boscalid +
Pageant
12 oz/100 gal
14 days
2
Pyraclostrobin
Propiconazole +
35 floz/
Concert II
14 days
2
Chlorothalonil
100 gal
Azoxystrobin +
Mural
7 oz/100 gal
14 days
2
Benzovindiflupyr
2
Cleary’s 3336F
Thiophanate-methyl
24 oz/100 gal
14 days
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Table 2. Effect of biorational products and fungicides on severity of powdery mildew on
flowering dogwood.
Experiment 1
Experiment 2
Powdery mildew*
Powdery mildew
Treatment
Severity(%)
AUDPC
Severity(%)
AUDPC
Actinovate
62.5 b**
767.8 b
90.0 a
1017.2 a
GC Pro
8.8 def
115.5 cde
7.5 de
83.1 de
ZeroTol
46.3 c
599.4 b
60.0 b
691.3 b
MBI-110
53.8 bc
632.2 b
55.0 b
640.9 b
Regalia
17.5 de
223.1 cd
22.5 cd
258.1 cd
Triact 70
20.0 d
253.8 c
28.8 c
314.6 c
Pageant
1.4 f
28.9 de
1.3 e
24.5 e
Concert II
0.8 f
15.8 e
2.3 e
38.1 e
Mural
3.4 ef
68.7 cde
1.0 e
20.6 e
Cleary’s 3336F
10.6 def
131.3 cde
14.4 cde
163.6 cde
Non-treated control
78.8 a
971.3 a
88.8 a
1039.1 a
P value
<.0001
<.0001
<.0001
<.0001
*Disease ratings and area under the disease progress curves (AUDPC) were based on
the percent foliar disease.
**Values are the means of four replicate plants. Treatments followed by the same letter
within a column are not significantly different at P≤0.05. Means were separated using
Fisher’s LSD test.
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Significance to Industry Rose rosette symptoms did not appear over a four year period
when miticides (bifenthrin, fenpyroximate, spiromesifen and spirotetramat) were used as
preventative sprays on a weekly basis. Rogueing at initial symptom development was
also effective in preventing spread of the disease. Pruning and the use of barriers did not
prevent development of disease in research plots.
Nature of Work Rose rosette disease is caused by Rose Rosette Virus (2) and is spread
by the eriophyid mite Phyllocoptes fructiphilus (1) and by infected, asymptomatic plants.
This disease has destroyed thousands of roses in the eastern U.S.
Seven miticide treatments (3) were evaluated for four years for effectiveness for
preventing development of rose rosette symptoms in Knock Out Roses. Pruning at first
disease symptoms and at six weeks after symptom development were evaluated as a
strategy to eliminate the disease in rose bushes. Rogueing by bagging plants before
removal when symptoms were first detected was evaluated as a strategy for preventing
spread of the disease to adjacent bushes.
Results and Discussion The miticides, bifenthrin, fenpyroximate, spiromesifen and
spirotetramat, were effective in preventing the development of rose rosette in Knock Out
roses when sprayed weekly from early May through mid-September in each of four years.
Pruning at initial symptom detection was successful in eliminating the virus in 68% of
plants tested whereas pruning at six weeks after symptom development was only 28%
effective. Barriers of Miscanthus sinensis reduced introduction of the virus into research
plots via wind borne eriophyid mites. However barriers could not prevent the virus from
being introduced into plots. Once the virus and vector were introduced into plots with
barriers, the disease spread similarly as in plots without barriers. Bagging plants before
removal of infected plants at symptom detection prevented spread of the disease to
adjacent plants.
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Effect of Fungicides and Biorational Products on
Powdery Mildew Disease of Hydrangea
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Index Words Hydrangea macrophylla, bigleaf hydrangea, biorational products
Significance to Industry Hydrangeas are summer-flowering shrubs and are one of the
showiest and most spectacular flowering woody plants in the landscape. Some hydrangea
species such as the bigleaf hydrangeas (Hydrangea macrophylla) are more susceptible to
this disease while other species such as the oakleaf hydrangea (H. quercifolia), appear to
be more resistant. Powdery mildew can spread easily by air currents and plant-to-plant
contact. If plants infected with powdery mildew are not treated, growth may slow or stop
altogether. Flowering can also be reduced by powdery mildew infections. Fungicides are
important tools for managing powdery mildew diseases in nursery production (1,2).
Various products are available or in development that have the potential to contribute to
the management of powdery mildew. The purpose of this study is to provide efficacy test
results for bigleaf hydrangea powdery mildew management to help nursery producers
make decisions about fungicides and biorational products to use on their production.
Nature of Work Hydrangeas are one of the most popular flowering shrubs in the
landscape. Powdery mildew on hydrangea can cause significant economic and aesthetic
losses. In an outdoor environment, powdery mildew pathogens generally overwinter in the
form of spores or fungal hyphae. In a heated greenhouse setting, powdery mildew can be
active year round. Spores and hyphae begin to grow on the dry leaf surface when
humidity is high. Warm days and cool nights also favor powdery mildew growth. The first
sign of the disease is small fuzzy gray circles or patches on the upper surface of the leaf.
The severity of powdery mildew on bigleaf hydrangea will require the development and
evaluation of control tactics. Various products are available or in development that have
the potential to contribute to the management of powdery mildew of hydrangea.
The objective of this study was to test the efficacy of biorational products and fungicides to
reduce the severity of powdery mildew of bigleaf hydrangea.
Biorational products and fungicides including ZeroTol 2.0, MBI-110, Triact 70, Mildew
cure, Mural and Orkestra were tested (Table 1). Uniform Hydrangea macrophylla ‘Nikko
Blue’ plants in 3-gal pots were placed on a gravel bed under 53% shade at the private
nursery in Smithville, TN. Plants were watered daily using overhead irrigation system until
the end of the experiment. Treatments were applied to foliage with hand held sprayer at
the label rate until run off. Untreated plants served as control. Plants were evaluated for
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powdery mildew development 7, 14, 21 and 28 days after the first application. The
severity of powdery mildew on foliage and phytotoxicity were evaluated using a scale of 0100% foliage affected. Area Under the Disease Progress Curves (AUDPC) was
calculated using the formula AUDPC = ∑[(Xi+1 + Xi)/2](ti+1–ti). The experimental design
was a complete randomized design, and treatments were arranged with four replications
of four plants each. Analysis of variance (ANOVA) was performed on the data set using
the general linear model (GLM) procedure and the means were separated using Fisher’s
least significant difference (LSD) test with SAS statistical software.
Results and Discussion Powdery mildew pressure was moderate in this trial; foliar
disease severity in the non-treated control reached ~30% by 20 Jul (Table 2). All of the
treatments significantly reduced powdery mildew severity and disease progression
(AUDPC) throughout the experiment compared to the non-treated control. Fungicides
Mural and Orkestra; biorational products Mildew cure and Triact 70 significantly reduced
hydrangea powdery mildew disease severity during the experiment compared to the other
treatments and the non-treated control. There was no phytotoxicity observed. Biorational
products ZeroTol and MBI-110 effectively reduced powdery mildew, but disease
progression and final severity ratings in these plants were statistically comparable to those
treated with fungicides, cotton oil and Triact 70.
Greenhouses or shadehouses normally provide ideal conditions for powdery mildew
disease development and spread. An integrated approach should be used to control
powdery mildew. Results of this experiment indicate that Mildew cure and Triact 70
provide control of powdery mildew similar to the control provided by fungicides. Mildew
cure has other advantages besides low cost, especially in a greenhouse or shadehouse,
as the use of a product with no time required for re-entry would be specifically appealing.
Nursery producers could benefit from using Mildew cure and Triact 70 in place of the
fungicides typically sprayed to control powdery mildew in bigleaf hydrangeas.
Acknowledgements We would like to thank Syngenta, BASF, OHP, BioSafe Systems
LLC, and Marrone Bio Innovations, Inc. for providing the materials. This work was funded
by the Tennessee State University Nursery Research Center.
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Table 1. Treatments, active ingredients, rates, application interval and application number.
Treatment
ZeroTol 2.0
MBI - 110
Triact 70
Mildew cure
Mural
Orkestra

Active Ingredient
Hydrogen dioxide +
Peroxyacetic acid
Bacillus
amyloliquefaciens
Clarified
hydrophobic extract
of neem oil
Cottonseed oil +
Corn oil +Garlic oil
Azoxystrobin +
Benzovindiflupyr
Fluxapyroxad +
Pyraclostrobin

Rate

Application Application
interval
number

2%

7 days

3

1%

7 days

3

2%

7 days

3

1.5 fl oz/gal

7 days

3

7 oz/100 gal

14 days

2

6 fl oz/100 gal

14 days

2

Table 2. Effect of biorational products and fungicides on severity of powdery mildew on
bigleaf hydrangea.
Powdery mildew*

Treatment
Severity (%)
AUDPC
ZeroTol 2.0
5.6 b**
60.8 b
MBI-110
5.6 b
57.8 bc
Triact 70
2.5 c
35.0 bcd
Mildew cure
1.8 c
31.9 bcd
Mural
1.3 c
19.25 d
Orkestra
1.3 c
22.8 cd
Non-treated control
30.0 a
352.2 a
P value
<.0001
<.0001
*Disease ratings and area under the disease progress curves (AUDPC) were based on
the percent foliar disease.
**Values are the means of four replicate plants. Treatments followed by the same letter
within a column are not significantly different at P≤0.05. Means were separated using
Fisher’s LSD test.
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Index Words Pyrus
Nature of Work Cedar rusts are common diseases in landscapes, orchards and
nurseries in the Eastern United States. The two most common are cedar-quince rust
(Gymnosporangium clavipes) and cedar-apple rust (Gymnosporangium junipervirginianae) (1,2). Both rusts have two distinct hosts to complete their life cycle, primarily
eastern red cedar (Juniperus virginiana) and hosts in the rosaceae family. The life cycle of
each rusts is similar. In the spring, after rainfall, rust will produce a gelatinous mass of
teliospores, which germinate to form a basidium from each of two cells. The basidium
produces four basidiospores, which are wind blown to the other hosts. Once infection
occurs, two more spore stages spermatia and then aeciospores are produced over a
period of several weeks. Aeciospores are wind blown back to cedar to infect twigs to
complete the rust’s life cycle. The symptoms of the two rust diseases are slightly different.
Cedar apple rust produces spherical galls on juniper; on apple symptoms are primarily
yellow to golden leaf spots. Cedar quince rust produces stem lesions/cankers from which
teliospores are produced in the spring. On pear, crabapple, hawthorn and quince,
symptoms are primarily infected fruit and galls on stems. During late May and June,
massive numbers of aeciospores are produced in tubes from infected fruit.
Results and Discussion, and Significance to Industry Each year, cedar rusts are
observed on junipers and alternate hosts. Incidence on pear is generally low with a few
submissions of cedar-quince rust to the Soil, Plant and Pest Center each year. In 2016,
incidence of cedar-quince rust was greatly increased in Middle Tennessee. Nearly all fruit
of ornamental pears was infected with cedar quince rust. Aeciospores were abundant on
infected fruit in early summer (3). By late summer, the majority of the fruit on ornamental
pears had been killed (4). Of course, seed within the fruit was not viable. Ornamental
pears are considered invasive in waste areas, pastures and roadsides as birds consume
the fruit and deposit seed. Why was cedar apple rust so widespread in 2016? Primarily, it
may have been favorable weather for infection. Rains in March initiated
teliospore/basidiospore formation. This was followed by two to three weeks of dry, warm
weather which was favorable for spores to be wind blown to alternate hosts. Given the
massive number of aeciospores produced on pear fruit, twig infection of eastern red cedar
may have greatly increased during the summer months. This may lead to increased
teliospore production on cedars in the spring, which could cause a repeat of the unusual
disease cycle in 2017.
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Under Sun/Shade Production and Different Fertilizer Regimes
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native tree
Significance to Industry Flowering dogwood (Cornus florida L.) is an important
ornamental tree in landscape and home gardens and has production challenges in
container culture. From this research, it is obvious that shade exposure increased the
severity of powdery mildew with both dogwood cultivars when container grown. Routine
fungicide applications and good foliar coverage of fungicides will be essential for disease
management when grown under shade. Delayed fertilization after potting resulted in poor
growth compared to plants that were fertilized with a controlled release fertilizer at potting.
Nature of Work Flowering dogwood is one of the most beautiful and important small
flowering trees utilized in the nursery and landscape industry and considered an aristocrat
of native flowering trees of the U.S. The geographical range is broad and extends through
most of the eastern states and westerly through Iowa and south to Texas (2). Flowering
dogwood has been in nursery cultivation a long time, however, as the demand for
containerized trees has increased in the last 20 years, so has the demand for containergrown dogwoods.
Containerized dogwoods have been a challenging crop to produce when field grown bare
root liners are transplanted into containers and have resulted in unacceptable levels of
mortality and poor growth. Anecdotal comments from nursery producers include
overwatering, underwatering, over fertilization, poor root structure, environmental stress,
or transplanting delay from the bare root harvest as reasons for poor dogwood growth
during the first growing season. Flowering dogwoods are considered an understory tree,
but most producers continue to grow container-grown dogwoods in full sun. Studies have
shown that media temperatures in black plastic containers can exceed 43.3°C (110°F) in
full sun (4).
Powdery mildew may cause cosmetic damage that cause reddish-brown patches, reduce
growth by attacking tender shoots and leaf surfaces, and premature defoliation. Shade
culture could exacerbate mildew incidence.
Flowering dogwood listed as a crop with a medium nutrient requirement (1). In contrast,
another recommendation is no fertilization during the first year after transplanting in a field,
and low fertilization in subsequent years of production to prevent burning of the delicate
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root system (5). The author reported low usage rates of a controlled release fertilizer
resulted in larger plants than plants fertilized at higher recommended fertilizer rates in
container produced dogwoods (3).
The objectives of this research were to evaluate the effect of fertilizer source and timing in
conjunction with a sun-shade exposure on the growth of two flowering dogwood cultivars
and to evaluate dogwood powdery mildew severity.
Uniform 50 cm (1.5 ft) bare root liners of Cornus florida ‘Cherokee Princess’ and ‘Cloud 9’
were obtained from a commercial nursery in Winchester, TN on March 19, 2015 and
potted into a #7 nursery container (C2800, Nursery Supplies, Chambersburg, PA). A pine
bark substrate amended with 0.6 kg (1.0 lb) Micromax (The Scotts Co., Marysville, OH)
and 0.6 kg (1 lb) of AquaGro (Aquatrols, Paulsboro, NJ) per m3 (yd3) in addition to one of
the following fertilizer treatments: 1) 6.6 kg (11.0 lbs) 19-5-9 (19N-2.2P-7.5K) Osmocote
Pro 12 to 14 month controlled release fertilizer (CRF)(Everris, Dublin, OH) incorporated
into substrate before potting, 2) 130 g 19-5-9 (19N-2.2P-7.5K) Osmocote Pro 12 to 14
month controlled release fertilizer (Everris, Dublin, OH) topdressed immediately after
potting, 3) 150 ppm 20-20-20 (20N-8.8P- 16.6K) Peters Professional® (The Scotts Co.,
Marysville, OH) applied immediately after potting then weekly until October 19, 4) 130 g
19-5-9 (19N-2.2P-7.5K) Osmocote Pro 12 to 14 month controlled release fertilizer (Everris,
Dublin, OH) topdressed Jun 9, 2015, 5) 150 ppm 20-20-20 (20N-8.8P- K) Peters
Professional® (The Scotts Co., Marysville, OH) applied on June 9 then weekly until
October 19. Half of the plants in each treatment were placed on a gravel bed in full sun or
under 53% shade at the Nursery Research Center in McMinnville, TN.
Height and trunk diameter [measured 6 in (15 cm) above the substrate surface] were
measured on March 23 and October 21. Cyclic irrigation was applied daily using microspray emitter [160° Spot-Spitter fan emitter (Roberts Irrigation Company, Inc., San
Marcos, CA)]. Weed control and insect pest management were maintained with traditional
nursery practices during the research project.
The severity of powdery mildew on foliage was evaluated on July 16, September 2, and
October 5 using a scale of 0-100% foliage affected. Area under the disease progress
curve (AUDPC) values were calculated according to the formula: Σ([(xi+xi-1)/2](ti-ti-1)) where
xi is the foliar rating at each evaluation time and (ti-ti-1) is the number of days between
evaluations.
Shoots from four randomly selected plants were severed from the roots at the substrate
surface and the pine bark substrate was gently blown from the root mass using a
compress air system. Both roots and shoots were dried in a forced-air oven at 56°C for ten
days.
The treatments consisted of a 5 x 2 factorial; 5 fertilizer treatments and 2 sun-shade
exposures and the experiment was conducted as a completely randomized design by
cultivar with 5 single plant replicates. Data was analyzed using an analysis of variance
procedure of the SAS program for Windows v.9.3 (SAS Institute Inc., Cary, NC).
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Results and Discussion Powdery mildew appeared naturally and disease pressure was
low to moderate in this trial. There were no significant difference between ‘Cherokee
Princess’ and ‘Cloud 9’ in end of season powdery mildew disease severity and AUDPC.
The effects of sun/shade production and different fertilizer regimes on powdery mildew
severity (final rating and AUDPC) and their interactions were significant (Table 1 and 2).
Regardless of dogwood cultivars, the disease was more severe in plants grown under
shade compared to sun. Across all fertilizer regimes powdery mildew severity were higher
and progressed more rapidly on dogwood plants that received an incorporated CRF (IN-P)
or topdressed CRF at potting (TD-P) compared to topdressed on June 19 (TD-J), received
weekly liquid fertilization either from at potting (LF-P) or weekly from June 19 (LF-J).
Height, trunk diameter growth and shoot biomass was affected by sun-shade exposure
and fertilizer timing with both ‘Cloud 9’ and ‘Cherokee Princess’ dogwoods. ‘Cloud 9’
dogwood grown with an incorporated CRF (IN-P), topdressed CRF at potting (TD-P) or
topdressed on June 19 (TD-J) were taller than plants that received weekly liquid
fertilization either from at potting (LF-P) or weekly from June 19 (LF-J) (Fig. 1).
Regardless of fertilizer treatment, all ‘Cloud 9’ plants grown in full sun were smaller than
plants grown under 53% shade. Plants that received fertilizer at potting and grown under
shade had about 25% more shoot growth than plants grown in full sun whereas plants
fertilized in June (TD-J vs LF-J) and grown under shade were 19 vs 11% larger than plants
grown in full sun.
Height growth of ‘Cherokee Princess’ was less with plants that received a weekly LF-J
application starting June 19, compared to plants that received an IN-P or TD-P CRF at
potting, weekly LF-P or plants that were TD-J (Fig 2). Regardless of fertilizer treatment, all
‘Cherokee Princess’ grown in full sun were at least 24% smaller than plants grown under
53% shade.
Trunk diameter growth was greatest for ‘Cloud 9’ and ‘Cherokee Princess’ when plants
were TD-P compared to other fertilizer regimes (Figs 1 & 2). The least amount of trunk
diameter growth occurred when plants were LF-J compared to other treatments. Sunshade exposure had no effect on trunk diameter with either cultivar in this project.
‘Cloud 9’ shoot dry weight was greater when plants were TD-P and grown under shade
compared to other treatments (Fig 1). Plants that were LF-J had the least amount of shoot
dry weight whether grown in sun or shade. However, plants fertilized at potting with a CRF
had significantly more shoot biomass than other treatments regardless of sun-shade
exposure.
‘Cherokee Princess’ had more shoot dry weight when plants were TD-P compared to other
fertilizer regimes and sun-shade exposure (Fig 2). Plants fertilized at potting with a CRF
had significantly more shoot biomass than other treatments regardless of sun-shade
exposure with the exception of plants that had IN-P which had 38% less biomass than
plants TD-P and grown in sun verses plants grown in shade. Plants that were LF-J had the
least amount of shoot dry weight whether grown in sun or shade.
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‘Cherokee Princess’ was a more vigorous growing dogwood compared to ‘Cloud 9’ with
respects to height and caliper growth and shoot biomass. Often, plants will have longer
internode lengths and result in taller plants when grown under shade verses sun.
However, the shoot dry weight is indicative of overall plant growth, and in this research,
plants grown in shade had more overall vigorous growth than plants grown in sun. Plants
that received a weekly LF-J application starting June 19 exhibited more foliar chlorosis and
weaker growth than the other regimes.
From this research, it is obvious that container grown dogwoods must be fertilized at
potting to obtain the best overall growth during the growing season compared to delaying
the fertilization until June. This practice may be acceptable in field production, but will not
produce quality sellable trees after one growing season. It is apparent that a weekly
application of 150 ppm fertilizer was not sufficient to meet plant demand and resulted in
less than optimal growth. However vigorous growth due to fertilization at potting and also
shade exposure increases the severity of powdery mildew. Routine fungicide application
and improve coverage of powdery mildew fungicides will be essential for disease
management.
Literature Cited
1. Bilderback, T.E., C. Boyer, M. Chappell, G. Fain, D.C. Fare, C.H. Gilliam, B.E. Jackson,
J. Lea-Cox, A.V. LeBude, A.X. Niemiera, J. Owen, J. Ruter, K.M. Tilt, S. Warren, S.
White, T. Whitwell, R. Wright, and T.H. Yeager. 2013. The Best Management Practices:
Guide for producing nursery plants. Southern Nursery Assn., Acworth, GA.
2. Dirr, M.A. 2009. Manual of woody landscape plants. Stipes publishing, L.L.C.
Champaign, ILL.
3. Fare, D.C. 2016. Effects of fertilizer rate, container size and sun exposure on growth of
container-grown dogwoods. J. Environ. Hort. In Press.
4. Johnson, C.R. and D.L. Ingram. 1984. Pittosporum tobira response to container
medium temperature. HortScience 19:524-525.
5. Nicholson, H. 1990. Success with flowering dogwood. Commercial Nursery Publication,
Decherd, TN.

Pathology and Nematology Section

144

SNA Research Conference Vol. 61 2016

Table 1. Effect of sun/shade exposure and different fertilizer regimes on severity of
powdery mildew on different flowering dogwood cultivars.
Fixed effects*

Powdery Mildew
Severity %
AUDPC
(5 Oct)
0.2269
0.5300
<.0001
<.0001
<.0001
<.0001
0.6296
0.0522
<.0001
<.0001
0.1279
0.4241
0.8355
0.3884

Cultivar P values
Fertilizer regime P values
Sun/Shade exposure P values
Cultivar X Fertilizer regime P values
Fertilizer regime X Sun/Shade exposure P values
Cultivar X Sun/Shade exposure P values
Cultivar X Fertilizer regime X Sun/Shade exposure P
values
*Statistical analyses were performed using a linear model ANOVA procedure with cultivar,
fertilizer regime, sun/shade exposure and their interactions as fixed variables.

Table 2. Effect of sun/shade exposure, different fertilizer regimes and their interactions on
severity of powdery mildew on different flowering dogwood cultivars.
Powdery mildew*
Severity (%)
Fertilizer regime
Exposure
(5 Oct)
AUDPC
Incorporated- potting
Sun
6.8 cde**
225.5 cde
Topdressed- potting
Sun
6.6 de
257.1 cd
Liquid fertilizer- potting
Sun
2.0 f
44.6 f
Topdressed- June
Sun
2.5 ef
61.4 ef
Liquid fertilizer- June
Sun
2.0 f
35.0 f
Incorporated- potting
Shade
21.6 b
975.8 b
Topdressed- potting
Shade
28.7 a
1218.6 a
Liquid fertilizer- potting
Shade
11.1 c
390.9 c
Topdressed- June
Shade
9.7 cd
287.9 cd
Liquid fertilizer- June
Shade
5.2 ef
137.2 def
P value
≤0.0001
≤0.0001
*
Disease ratings and area under the disease progress curve (AUDPC) were based on
percent foliage affected.
**
Treatments followed by the same letter within a column are not significantly different at
P≤0.05.
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Figure 1. Effect of sun/shade exposure and fertilizer regimes on height, trunk diameter and
shoot dry weight of Cornus florida ‘Cloud 9’.
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Figure 2. Effect of sun/shade exposure and fertilizer regimes on height, trunk diameter and
shoot dry weight of Cornus florida ‘Cherokee Princess’.
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The Use of Fungicides for Increasing Micropropagation of
Native Deciduous Rhododendron spp.
Brett M. Brown and Kira L. Bowen
Department of Entomology and Plant Pathology, 209 Rouse Building
Auburn University, Auburn, Alabama 36849
bmb0035@auburn.edu
Significance to Industry Improving the rate of success in starting a micropropagation
process to increase availability of native Rhododendron for wholesale and retail markets.
Introduction Rhododendron is the largest genus in the Ericaceae family, consisting of
over 1000 species that are native to North America, Western Europe, and Northern Asia.
Rhododendron spp. include evergreen and deciduous varieties ranging from shrubs to
tree-sized plants with flowers blooming from late winter to early summers. They are often
used as ornamentals in landscapes and woodlands due to their display of flowers (1);
however, these plants are often difficult to find in retail markets.
With certain Rhododendron varieties being desirable, propagation is of increased interest.
Plant propagation is a method of growing new plants from a range of sources; seed,
cuttings, and other plant parts. Some plants do not grow from seed at all or are difficult to
reproduce vegetatively. Cuttings may be limited by the size of the mother plant from which
a limited number of cuttings can be taken (2). Propagating Rhododendron by cuttings is
the most popular (as well as problematic) technique one can use; this is particularly true
for deciduous azaleas. The main problems are initiation of rooting with deciduous azaleas
and production of new growth after rooting (3). To overcome these problems, plants are
produced from a single parent plant by vegetative cloning (3). One method of cloning is
micropropagation.
Micropropagation is the technique of multiplying plant explants, or cultures, in a sterile
environment. In this process, clones of desirable plants are produced in a relatively short
period of time from stock cultures (4). Often, these stock cultures start from stem cuttings
taken from the landscape which can carry with them a number of fungal pathogens with
them, adversely affecting shoot survivability. The aim of this study was to evaluate
methods of control that can inhibit or eliminate some fungal contaminants when
establishing shoot cultures.
Materials and Methods Three fungicides were used in this study: TM (586 ppm),
chlorothalonil (Chloro) (Daconil®, BayerCrop Science) (1378 ppm), and triadimefon (Triad)
(75 ppm). These rates were based on recommended rates of application (5). Some
fungicides were chosen because their success in preliminary trials, such as Chloro (6).
Fungicides used in these evaluations are labeled for fungal disease control in
Rhododendron (5).
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The medium used in these trials was a modified E&R medium (7) supplemented with 2
grams of sucrose and 0.6 grams per 100 ml media. Each of seven fungicides were added
to portions of the media and the pH was adjusted to 5.0 prior to autoclaving. Media was
dispensed into sterile 18 mm test tubes after autoclaving.
This study was carried out on a variety of deciduous azaleas, nicknamed ‘Easter Pink’ (R.
cumberlandense X), ‘Cumberland’ (R. cumberlandense), and ‘F-L’ (R. cumberlandense X).
The stock materials came from a private property in Lee County, Alabama. Stem cuttings,
4-6 inches long, were taken from stock plants during the first spring flush of growth before
hardening of stems. The fresh stem cuttings were put into moist chambers until their
transfer to media.
All leaves were removed from cuttings to expose the bud node. Cuttings were put into a
0.82% sodium hypochlorite solution with 0.001% Tween for 15 minutes under agitation.
Each of the stem cuttings were cut into 1- to 1.5-cm cuttings, each with at least one bud
node; these were maintained in order of removal from the cutting. These node cuttings
were then submersed in a 0.82% sodium hypochlorite solution for no more than 2 minutes
and rinsed three times in sterile water with 0.001% Tween for 1 minute. Once these
cuttings were rinsed, they were placed onto fungicide-amended media. Stem node pieces
(apical to basal) were arranged such that, for example, tips would be placed on each
fungicide amendment. If the tip of the first stem cutting was placed on control medium, the
next stem cutting tip would start on thiophanate-methyl (TM) medium.
Cultures were kept at ambient indoor conditions under fluorescent lamps that cycled on for
13 hours daily. Data was taken for 31 days, at 5- to 7-day intervals, to monitor days on
which the buds or contamination developed. Notes were taken on the state of the node
cutting: contaminated, browning, or showing bud emergence.
Results and Discussion ‘Easter Pink’ shoots were established on May 13. Stem pieces
on the TM- and Triad-amended media produced the first buds on day 7. After day 21,
browning of stem pieces was observed on these same two media, but two of the stem
pieces on TM medium had buds on day 31 (Table 1). Stem pieces of this variety on nonamended control medium had contamination by day 7 of culture. Of the 8 original shoots
on the TM medium, two produced buds by day 31. Among all tested fungicides, the
highest percent survivability was 38% with TM-amended medium.
‘Cumberland’ shoots were established on May 13. Stem pieces on TM-, Triad-, and
Chloro-amended media showed the first bud break on day 5 (Table 2). However, only
stem pieces on the TM-amended media retained a bud through day 31. Stem pieces of
this variety on the non-amended control media were contaminated by day 5. Of the 5
original shoots in the TM medium, two produced buds by 31 days. The amendment that
resulted in the highest percent survivability (40%) was TM.
‘F-L’ shoots were established on May 13. All shoot pieces produced a bud by day 5
regardless of the amendment, and at least one remained without contamination until day
31 (Table 3). The control was the first to produce leaves on day 21 while the TM
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amendment allowed production of leaves on day 31. Browning of shoot pieces was not
observed until day 21 with the Triad amendment. Of the 4 original shoots in each
amendment; 1 produced a bud in the non-amended control, 3 with TM, 2 with Chloro, and
1 with Triad. Of the 4 original shoots with TM, three produced shoots at the end of the 31
days. The amendment that achieved the highest survival of shoot pieces (75%) was TM.
A consistent trend was observed with bud development on TM-amended media with these
three Rhododendron varieties.
Differences among varieties were noted relative to the different fungicide amendments.
Depending on the variety of Rhododendron, TM and Chloro were the most successful
fungicides in the trials based on the results displaying the highest survival percentage on
day 31. While there were similarities between varieties, consistency with
micropropagation success with any one fungicide was not observed. Further experiments
will seek to narrow down these relationships to determine the best fungicide amendment
for use with individual Rhododendron varieties.
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Table 1. Numbers of shoot pieces of Rhododendron ‘Easter Pink’ surviving without
contamination on fungicide-amended media at varying intervals.
Days after start
0
7
13
21
26
31
Buds
Control
6
0
0
0
0
0
0
Thiophanate-methyl
8
5
5
3
3
3
2
Chlorothalonil
9
2
1
1
1
1
0
Triadimefon
6
2
2
2
0
0
0
Table 2. Numbers of shoot pieces of Rhododendron ‘Cumberland’ surviving without
contamination on fungicide-amended media at varying intervals.
Days after start
0
7
13
21
26
31
Buds
Control
4
0
0
0
0
0
0
Thiophanate-methyl
5
4
2
2
2
2
2
Chlorothalonil
4
2
0
0
0
0
0
Triadimefon
4
1
0
0
0
0
0
Table 3. Numbers of shoot pieces of Rhododendron ‘F-L’ surviving without contamination
on fungicide-amended media at varying intervals.
Days after start
0
7
13
21
26
31
Buds
Control
4
3
2
1
1
1
1
Thiophanate-methyl
4
3
3
3
3
3
3
Chlorothalonil
4
3
2
2
2
2
2
Triadimefon
4
4
3
2
2
2
1
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Stem Cutting Propagation of Aromi Hybrid Deciduous Azaleas
J. Heath Gober, Gary J. Keever, Amy N. Wright and J. Raymond Kessler, Jr.
Department of Horticulture, Auburn University, Auburn, AL 36849
keevegj@auburn.edu
Index Words Exbury azaleas, rooting, indole butyric acid, nursery production
Significance to Industry Aromi hybrid deciduous azaleas introduce rare color
combinations and fragrance in azaleas that adapt well to the heat and humidity of the
southeastern U.S. Growers can expect at least 50% rooting for the Aromi hybrids ‘Great
Balls of Fire’, ‘Lemonade’, and ‘Radiant Red’ using IBA during rooting of terminal stem
cuttings. Rooting percentages can be increased using increasing IBA concentration and
rooting durations up to 150 days, and liners suitable for stepping up into larger containers
can easily be produced from cuttings in one growing season. Successful propagation of
azaleas in this series should allow growers to expand production of these fragrant,
deciduous azaleas.
Nature of Work Exbury azaleas are hybrids resulting from crosses among deciduous
Rhododendron species of the east and west coast of the United States, Europe, and Asia
(1, 2, 3). Parent plants include the U.S. species Rhododendron arborescens, R.
viscosum, R. nudiflorum, R. calendulaceum, and R. occidentale (1); the European parent
R. luteum; and the Asian species R. molle and R. japonicum. Exbury hybrids, one of five
sub-groups of the Knap Hill hybrids, were grown throughout Europe and many areas of
United States, particularly the east and northeast, beginning as early as the mid 1930’s.
Exbury hybrids lack the heat tolerance to perform well in the Southeastern United States.
Dr. Eugene Aromi began breeding azaleas in the 1970s, successfully making over 1000
interspecific crosses (Maarten van der Giessen, pers. comm.). Some of his better known
hybrids resulted from interspecific crosses between the European bred Exbury hybrids and
native Rhododendron species of the Southeastern United States in an attempt to capture
rare color combinations, while instilling greater heat tolerance (4). Aromi azaleas have
fragrance in association with flower colors that typically are not associated with fragrance
(such as orange and red), more flower color combinations, larger blooms, and greater heat
tolerance than Exbury hybrids.
Aromi azaleas, like native U.S. species of deciduous azaleas, are generally propagated
vegetatively by terminal softwood stem cuttings treated with a K-IBA solution (Maarten van
der Giessen, pers. comm.). Prior research conducted with propagation of deciduous
azaleas gave conflicting results regarding K-IBA concentrations. Maarten van der
Geissen, a nurseryman and friend of the late Dr. Aromi, states that using a 2500 ppm
solution provides the most favorable results for most Aromi azaleas. Dirr and Heuser (5)
reported that 4000 ppm is the ideal concentration for U.S. native species, while Knight (6)
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concluded that 7500 ppm is the optimal K-IBA concentration for Aromi parent plants
Rhododendron austrinum and R. canescens. The objective of this research was to
compare the effect of IBA concentration on the rooting of stem cuttings of three cultivars of
Aromi hybrid deciduous azaleas.
Terminal softwood stem cuttings (4-5 in length) were taken from the Aromi hybrid azalea
cultivars ‘Lemonade’, ‘Radiant Red’, and ‘Great Balls of Fire’ on May 12, 2015. The basal
1 inch of each cutting was treated for 5 sec with one of seven water soluble solutions of
IBA ranging from 2,500 ppm to 10,000 ppm in 1,250 ppm increments, before sticking in
Dillen 1801 cells. The substrate consisted of 3 fine pine bark: 1 peat: 1 perlite amended
per cu. yd. with 1.5 lb Micromax, 2 lb dolomitic lime, 2 lb gypsum, and 10 lb Nutricote 20–
7–10 270-day controlled release fertilizer. Intermittent mist was applied for 10 sec every 6
min for the first 10 days, 10 sec every 15 min for the following 40 days, and 10 sec/ 30 min
until the experiment was terminated at 150 days after treatment (DAT). Cuttings were
arranged in a greenhouse in Auburn, AL in a randomized complete block design with six
blocks and six cuttings per treatment per cultivar per block. Subjective root ratings were
collected using a 0-5 scale: 0- dead, 1- callused, 2- roots initiated, 3- light rooting, 4medium rooting, 5- heavy rooting. Rooting and subjective root ratings were collected three
times at 50-day intervals on two cuttings per treatment per cultivar per block at each date.
The length of the two longest roots per cutting was measured 100 DAT. Data were
analyzed using the GLIMMIX procedure of SAS (version 9.4, SAS Institute Inc., Cary, NC).
Results and Discussion Among all concentrations and rooting durations, 76% of
cuttings of ‘Radiant Red’ azalea rooted, which was greater than the 51% and 52% rooting
of ‘Great Balls of Fire’ and ‘Red Lemonade’ azaleas, respectively, which were similar
(Table 1). Rooting increased linearly with increasing K-IBA concentration, ranging from 55
to 74%. As expected, rooting percentages increased over time, from 34% at 50 days after
treatment (DAT) to 56% and 88% at 100 and 150 DAT, respectively. This linear increase
in rooting percentages over time has practical implications in that most growers typically
do not leave deciduous azalea cuttings in propagation for as long as 150 days. A similar
trend and percentages were found with callusing of treated stems, suggesting that if the
cutting callused, then rooting occurred (data not shown).
Cultivar and IBA concentration main effects were significant for root length measurements,
but not rooting duration (Table 2). Root lengths of ‘Radiant Red’ azalea, measured 100
DAT, were 86 and 51% greater than those of ‘Great Balls of Fire’ and ‘Lemonade’ azaleas,
respectively. Root length increased linearly, up to 75%, with increasing rates of K-IBA,
regardless of cultivar.
Cultivar by IBA concentration and cultivar by rooting duration interactions were significant
for the subjective root rating (Table 3). The average root ratings for ‘Great Balls of Fire’
and ‘Radiant Red’ azaleas increased linearly, while that of ‘Lemonade’ azalea changed
quadratically with increasing IBA concentration. The average root rating for ‘Lemonade’
azalea was greater at the lowest and highest concentrations than at intermediate
concentrations. ‘Radiant Red’ had the highest average root rating among cultivars at all
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IBA concentrations and rooting durations, except 3750 ppm IBA, when it was similar to
that of ‘Lemonade. At all other concentrations and all rooting durations, the average
ratings were similar for cuttings of ‘Great Balls of Fire’ and ‘Lemonade’.
These results indicate that ‘Radiant Red’, ‘Great Balls of Fire’ and ‘Lemonade’ Aromi
hybrid azaleas can be rooted using K-IBA at 2500 to 10,000 ppm, with increased rooting
percentages using higher concentrations and leaving cuttings in propagation for up to 150
days. Liners suitable for stepping up into larger containers can easily be produced from
cuttings in one growing season using these methods.
Literature Cited
1. Cash, R.C. 1986. Exbury Azaleas- From History to Your Garden. J. Amer.
Rhododendron Soc. Accessed July 7, 2016.
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Table 1. Effect of cultivar, IBA concentration, and rooting duration on the rooting of
stem cuttings of three cultivars of Aromi azaleas.z
Rooted
cuttings
(no.)

IBA
concentration
(ppm)

Rooted
cuttings
(no.)

DATy

Rooted
cuttings
(no.)

Great Balls of Fire

128bx

2500

59w

50

86v

Radiant Red

191a

3750

60

100

141

Lemonade

130b

5000

58

150

222

6250

65

Sig.u

Q*

7500

61

8750

66

10000

80

Cultivar

Sig.
L***
The cultivar, concentration, and rooting duration main effects were significant at α = 0.05;
no interactions were significant.
y
Days after treatment.
x
Counts of cuttings rooted out of 252. Comparisons among cultivars (lower case in
column) using estimate statements at α = 0.05.
w
Counts of rooted cuttings out of 108.
v
Sum of rooted cuttings for the three cultivars out of 252.
u
Significant (Sig.) linear (L) or quadratic (Q) trends (in columns) using orthogonal
polynomials at α = 0.05 (*) or 0.001 (***).
z

Propagation Section

156

SNA Research Conference Vol. 61 2016

Table 2. Effect of cultivar and IBA concentration on the root length of stem cuttings of
three cultivars of Aromi azaleas.z.
Root
lengthy (cm)

IBA concentration
(ppm)

Root
length (cm)

Great Balls of Fire

3.5bx

2500

3.6

Radiant Red

6.5a

3750

4.1

Lemonade

4.3b

5000

2.8

6250

4.5

7500

5.4

8750

6.4

10000

6.3

Cultivar

Sig.
L***w
z
Only data from 100 days after treatment were analyzed. The cultivar and concentration
main effects were significant at α = 0.05; the interaction was not.
y
Length (cm) of two longest roots on each cutting in.
x
Least squares means comparisons among cultivars (lower case in column) using the
Shaffer-simulated method at α =0.05.
w
Significant (Sig.) linear (L) trend (in column) using orthogonal polynomials at α =0.001
(***).
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Table 3. Effect of cultivar, IBA concentration, and rooting duration on the subjective
root rating of stem cuttings of three cultivars of Aromi azaleas.z
Cultivar

Cultivar

Great
Balls of
Fire

Radiant
Red

DATx

Great
Balls of
Fire

Radiant
Red

Lemonade

2500

1bw

3a

1.5a

50

1b

2a

1b

3750

1b

3.5a

2a

100

1b

4a

1b

5000

1b

3a

1b

150

3b

4a

2.5b

6250

1.5b

3a

1b

Sig.v

Q***

L***

L***

7500

1b

4a

1b

8750

2b

4a

1b

10000

2.5b

4a

3b

Conc.y
(ppm)

Lemonade

Sig.
L***
L***
Q*
The cultivar by concentration and cultivar by rooting duration interactions were significant
for subjective root ratings at α = 0.05. Subjective root ratings scale: 0-dead, 1-callused, 2roots initiated, 3-light rooting, 4-medium rooting, 5-heavy rooting.
y
Conc. = concentration.
x
Days after treatment.
w
Medians are reported. Comparisons among cultivars (lower case in rows) using estimate
statements at α = 0.05.
v
Significant (Sig.) linear (L) or quadratic (Q) trends (in columns) using orthogonal
polynomials at α = 0.05 (*) or 0.001 (***).
z
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From Lagoon to Liner: Development of a Transplant Media
Paige L. Herring, Abbey C. Noah and Helen T. Kraus
Department of Horticultural Science, North Carolina State University
Raleigh, NC 27695-7609
Helen_Kraus@ncsu.edu
Index Words Substrate, swine lagoon waste, bioassay, swine lagoon compost
Significance to Industry A seedling germination media was produced from a blend of
15:85 (v/v) swine lagoon solids and ground peanut hulls using an in-vessel compost
reactor. Composting was accelerated (requiring 3 days once within optimum temperature
range) with the closed reactor. Composts are stable (do not continue to heat and
decompose) after maturity; a minimum of 11 days is recommended for compost
maturation. Composts produced were consistent from batch to batch.
Nature of Work There are 8.7 million hogs in North Carolina alone (1). Much of the
waste from these hogs is captured in anaerobic lagoons composed of a manure slurry
washed from the animals’ pens. Locally available swine lagoon solids (SLS) are an
attractive option for horticultural plant production as they may provide a portion, or all, of a
plant's nutrient requirements when mixed into growing media (2). However, the electrical
conductivity (EC) levels of SLS amended media can be high enough to damage plant
roots (3). Composting the SLS with a carbon source may reduce the soluble salts and
produce a media that can be useful for horticultural plant production. Nine percent of U.S.
peanut production occurs in North Carolina, making peanut hulls another large waste
component for the state (4) and requiring significant bulk-waste disposal for the peanut
industry (5). Utilizing SLS composted with peanut hulls as a transplant media may be a
means of dispersing concentrated nutrients in a cost-effective, environmentally
conscientious manner, as well as producing a media suitable for horticultural transplant
production.
There are several considerations for determining whether a compost can be utilized in
plant production: the degree of stability or maturity (which implies a stable organic matter
content and the absence of phytotoxic compounds), pH, EC, water-holding capacity, and
air-holding capacity, nutrient content, nutrient availability, and lack of excessive heavy
metals (6). The objective of this study was to evaluate the physical and chemical
suitability of composted SLS and ground peanut hulls for use as a transplant media
A compost was developed using 15:85 (v/v) SLS and peanut hulls. This 15:85 SLS to
peanut hull ratio provided a C:N ratio of 23.7:1, which was close to the standard
composting guidelines for C:N ratio (25:1) (7). The SLS were dredged from a lagoon on
Ingold Farms in Garland, NC (Murphy Brown, LLC, Warsaw, NC) and dewatered in a
geotextile bag for 2 years. The SLS were removed from the bag on December 14, 2015,
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taken to the composting facility (Murphy Brown, LLC, Warsaw, NC), and placed under
shelter on January 4, 2016. Peanut hulls were obtained from a peanut processing facility
(Golden Grove Inc., Warsaw, NC). The peanut hulls were ground and sieved through a
1/8-inch (3.175-mm) screen (Massey Ferguson 15 Grinder Mixer, Duluth, GA). The
ground peanut hulls and SLS were spread in layers on a concrete pad and mixed with a
front end loader until the SLS were evenly distributed. Three cubic yards (2.3 cubic
meters) of the mixture were loaded into an in-vessel compost reactor equipped with a
thermometer (Figure 1). Three gallons (11.4 L) of water were added to the reactor.
Temperature was recorded once in the morning and once in the afternoon. When the
temperature reached 131F (55C), the temperature was monitored twice daily until the
temperature fell below 131F (indicating that composting was complete) (7)
Two batches of compost were completed and dumped in separate piles to mature. Batch
1 (B1) was composted in the reactor for 8 days: 3 days to reach optimum temperature, 3
days at optimum temperature, and 2 days to allow cooling and further composting. Batch
2 (B2) was composted for a total of 10 days: 2 days to reach optimum temperature, 3 days
at optimum temperature, and 5 days to allow cooling and further composting. Following
composting, composts were removed from the reactor and piled under shelter to allow
resting for maturation
A bioassay study was conducted three times with the two different batches of composts
following the procedures of the Mulch and Soil Council (8). Each bioassay study used a
randomized complete block design with six replications and a two-way factorial of four
plant species and two media [the SLS peanut hull compost (SLC) and the control (Jolly
Gardener Pro-Line C/P, Jolly Gardener, Poland, ME)]. The indicator species tested
followed the soil and mulch council’s guidelines (8) and included Raphanus sativus
‘Cherriette’ (radish), Zinnia elegans ‘Dreamland Red’ (zinnia), Lycopersicum esculentum
‘Moneymaker’ (tomato), and Tagetes patula ‘Janie Deep Orange’ (marigold). Five seeds
were planted in each 4-inch (65.6 milliliters) square pot and allowed to germinate in a
greenhouse (85F day/65F night) (29.4C day/18.3C night) under mist applied for 8 seconds
every 10 minutes. Fourteen days after sowing, seedlings were counted and then each pot
was thinned to one plant, removed from mist, and watered by hand once a day. After 28
days, plants were recounted. Three bioassay experiments were conducted as shown in
Table 1. All variables were subjected to analysis of variance (ANOVA) procedures using
the GLM procedure of SAS (version 9.4; SAS Institute Inc., Cary, NC) and α=0.05.
Results and Discussion Germination of seedlings of each species, 14 days after
sowing, was significantly different for each bioassay (P=0.009) and each media (P=0.045).
However, when germination count data were analyzed by media and species, the main
effect of bioassay was not significant for the control media, with the exception of tomato
(P=0.008), nor was it significant for SLC with the exception of zinnia (P=0.01). This
indicates that germination of each species was similar for each batch of compost and days
of maturation, indicating that 4 days of maturation may be sufficient. However, growth of
seedlings in B1 with 4 days of maturation was somewhat abnormal, with poorly formed
roots (personal observation), indicating that 11 days of maturation should be
recommended.
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Germination of each species at each bioassay were different for each media (Table 2).
Each species germinated better in the control media than in the SLC; however,
germination of radish, marigold, and tomato were numerically very similar between the two
media. Zinnia germination was reduced by 40% when sown in the SLC. This reduction
may be due to EC as increasing salinity decreases germination in zinnia (9).
Seedling growth at 28 days after sowing was not impacted by species, thus data were
averaged over species. The two-way interaction of media by bioassay was significant for
SLC only (P=0.003). Seedling growth in bioassays 1 and 2 are statistically similar
indicating that composting of B1 and B2 produced similar SLC (data not shown) (Figure 2).
For bioassay 1, with B1 compost and 4 days of maturation, media affected seedling
growth (P=0.008) with the control having a greater number of surviving seedlings than
SLC, again indicating that 4 days of maturation was not sufficient (data not shown).
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Table 1. Bioassay experiment and compost maturity.
Bioassayz
1
2
4

Compost utilizedy
Batch 1
Batch 2
Batch 1

Days of maturationx
4
11
57

z

Procedures followed the Mulch and Soil Council’s guidelines (8).
Composts were a 15:85 blend (v/v) of swine lagoon solids and ground peanut hulls.
Batch 1 was composted for 8 days: 3 days to reach optimum temperature [131F (55C)],
maintained at optimum temperatures for 3 days, then cooled in a static pile for 2 days.
Batch 2 was composted for a total of 10 days: 2 days to reach optimum temperature, 3
days at optimum temperature, and 5 days cooling in a static pile.
x
Composts were rested in a static pile to cool and allow curing and maturation.
y

Table 2. Number of seedlings germinated 14 days after sowing.
Mediaz
Control
SLC

Marigold
4.7 ay
4.2 b

Radish
5.0 a
4.5 b

Tomato
4.7 a
4.2 b

Zinnia
4.8 a
2.8 b

z

Media: commercially available, peat-based product (Control) and 15:85 (v/v) swine
lagoon solids:peanut hull compost (SLC)]. N=192.
y
Means between species with different letters are significantly different from each other
based on Tukey’s honestly significant difference procedure (P<0.05).

Figure 1: In-vessel compost reactor.
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Figure 2: Batch 1 (right) and Batch 2 (left) finished composts.
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Modeling Daily Water Use of Bedding Plants Based on Environmental Factors and
Normalized Difference Vegetation Index
Shuyang Zhen and Marc W. van Iersel
Department of Horticulture, University of Georgia, Athens, GA 30602
syzhen@uga.edu
Index Words Petunia, irrigation, remote sensing, NDVI
Significance to Industry Efficient irrigation strategies allow greenhouse growers to
reduce the amount of water used for production while maintaining plant quality. Additional
benefits of improved irrigation strategies include reduced fertilizer input, fewer disease
problems, and alleviated environmental pollution. Quantitative information on water
requirements of bedding plants is essential for more efficient irrigation, yet remains limited.
Applications of quantitative water use models in commercial settings can be difficult due to
the complexity and high cost of estimating canopy size needed for the modeling. We used
Petunia ‘Dreams Red’ (Petunia × hybrida) as a model crop to develop quantitative models
that predict its daily water use (DWU) based on environmental factors and a remotely
sensed canopy size index – normalized difference vegetation index (NDVI). Multiple linear
regression models developed using reference evapotranspiration (ET0, calculated from
environmental data) and NDVI were able to explain 93% of variation in DWU of Petunia
‘Dreams Red’, suggesting that NDVI can be a reliable proxy for plant size. Quantitative
water use models developed using easily obtained NDVI and environmental data can be
readily applied in production settings.
Nature of Work Plant water requirement, which is the amount of water needed to
replenish water lost through evapotranspiration, changes on a daily basis driven by
variations in environmental conditions as well as increases in plant size over time (1).
While environmental parameters are relatively easy to measure, direct determination of
plant size is often destructive and time consuming. Remote sensing of vegetation indices
provides a continuous and non-destructive method to estimate canopy size for water use
models. Studies have shown that normalized difference vegetation index (NDVI), which is
calculated based on canopy reflectance in the red and near-infra red bands (2), correlates
well with fractional light interception, percent canopy closure, leaf area index, and canopy
productivity (3, 4, 5). Our objectives were to 1): determine the reliability of using NDVI data
to track changes in plant sizes; 2): determine the feasibility of using NDVI in place of ‘crop
coefficients’ (the ratio of crop DWU to reference evapotranspiration (ET0)) that are
commonly used in agronomic applications; and 3): develop quantitative models that
describe DWU of petunia ‘Dreams Red’ based on ET0 and NDVI.
Seeds of petunia ‘Dreams Red’ were sown into round black plastic containers (6.5”
diameter, 2.3 L volume) filled with a soilless substrate (Fafard 1P, 80% peat: 20% perlite
(v/v); Sun Gro Horticulture, Agawam, MA). Controlled-release fertilizer (19-4-8; Harrell’s,
Lakeland, FL) was incorporated into the substrate at a rate of 10 lbs/yd3 (~6 g/L). A
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modified sensor-automated irrigation system developed by Nemali and van Iersel (6) was
used to maintain substrate volumetric water content at 35% (v/v) and to quantify plant daily
water use. Environmental factors, including light, temperature, relative humidity, vapor
pressure deficit, and wind speed inside the greenhouse were measured every minute with
the assistance of a datalogger (CR1000; Campbell Scientific, Logan, UT). Daily ET0 was
calculated from these environmental data (7).
A combination of one up-looking and multiple down-looking NDVI sensors (Decagon
Devices, Pullman, WA) were used to measure incident radiation and light reflected by the
canopy, respectively. Both sensors are essentially two-band radiometers that measure
wavebands centered at 650 (red) and 810 nm (near infrared, NIR). NDVI was calculated
as NDVI = (NIR-RED)/(NIR+RED), where NIR and RED are percent reflectance in the
near infrared region and red region, respectively. Down-looking sensors were mounted so
that each sensor had a downward field of view of a greenhouse bench area of 0.6 m2,
which contained 6 pots of petunia plants, which was treated as an experimental unit. NDVI
were measured every 5 min from 11:00 am to 2:00 pm and then averaged to obtain daily
averages.
The experimental design was a completely randomized design with four replications. Data
were analyzed using linear, non-linear and multiple linear regressions using SigmaPlot
(Systat Software, San Jose, CA).
Results and Discussion The automated irrigation system was able to maintain substrate
water content close to the set point (35% VWC) throughout the study period. Daily water
use of petunia ‘Dreams Red’ ranged from 5 to 160 ml/plant/day and tended to increase
over time as plants grew bigger. A drop in DWU was typically observed on days with low
ET0 (Fig. 1).
NDVI increased linearly over time during vegetative growth, until canopy closure was
nearly complete (Fig. 2). However, the red flowers of petunia ‘Dreams Red’ reflect light at
the two wavebands of interest (i.e. red and near infrared) differently from green leaves,
with substantially higher reflectance at the red band. As a result, NDVI declined gradually
when flowers started to form and cover the leaves (Fig. 2). The crop coefficients, which
were calculated as crop DWU per square meter of bench divided by reference
evapotranspiration, increased linearly over time as plants grew. NDVI, however, increased
asymptotically with increasing crop coefficient, indicating decreasing sensitivity of NDVI to
increasing plant size. In addition to the decline in the measured NDVI caused by flowering
observed in this study, NDVI measurements have decreased sensitivity to increases in
plant size when crop leaf area index is high (4). Nevertheless, multiple linear regression
models developed using ET0 and NDVI were able to explain 93% of variation in DWU of
petunia ‘Dreams Red’ (Fig. 3):
Predicted DWU= -133 + 2176*ET0*NDVI -962*NDVI (R2 = 0.93)
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Our results demonstrate that remotely sensed NDVI can be used as a reliable proxy for
plant size, especially during vegetative growth. Other plant size proxies, such as plant age
and percent canopy closure, have been used to develop quantitative water use models for
ornamental plants in earlier studies (8,9,10). However, certain drawbacks have limited
their applications in production setting. For instance, the use of plant age as proxy for plant
size is subjected to low model repeatability due to the inability to account for the influence
of environmental variations on plant size among growing seasons (9). Percent canopy
closure tracks changes in plant sizes well but is laborious to measure (10). NDVI provides
a reliable, continuous, and non-destructive method to estimate canopy size. The use of
NDVI, combined with easily obtained environmental data, allows for accurate prediction of
plant daily water use and thus could improve the applicability of quantitative water use
models in production settings.
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Figure 1. Reference evapotranspiration (ET0) and daily water use (DWU) of petunia
‘Dreams Red’ over time. Note that DWU dropped on days with low ET0 (e.g., day 59).
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Figure 2. Daily average normalized difference vegetation index (NDVI) of petunia ‘Dreams
Red’ over time. Regression line was fitted using data collected during vegetative growth.
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Figure 3. Predicted versus measured daily water use (DWU) of petunia ‘Dreams Red’.
Models for predicting DWU was developed using reference evapotranspiration and
normalized difference vegetation index.
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A Simple Collection System for Routine Leaching Fraction Testing of
Micro-Irrigated Container Crops
Jeff Million and Tom Yeager
Department of Environmental Horticulture, University of Florida, IFAS, Gainesville, FL
jmillion@ufl.edu
Index Words Best management practice, irrigation efficiency
Significance to the Industry A leaching fraction (LF) test measures the amount of
leachate that drains out of a container relative to the amount applied. When conducted
routinely, LF testing can be used to monitor and adjust irrigation run times to minimize
leaching and optimize irrigation efficiency. We describe a simple leachate collection
system for routine measurement of LF in micro-irrigated, large containers. The collection
system provides growers with a simple and reliable method for adopting LF testing as an
irrigation best management practice.
Nature of Work Leaching fraction is the volume of container leachate (drainage)
collected relative to the volume of irrigation water applied to the container. For routine LF
testing, the method for measuring LF should be simple and require minimal labor and
capital costs. Working with Saunders Brothers nursery (Piney River, VA), we found a
simple leachate collection system that could be left in the field provided an economically
effective means for routine LF testing (Million et al., 2015). We describe the leachate
collection system and some considerations for its use.
Materials and Methods LF testing requires measurement of both the amount of
container leachate and the amount of water applied to the container:
LF% = amount of leachate ÷ amount of irrigation applied x 100%.
A portable scale that weighs to the nearest 0.01kg is likely the fastest means of measuring
both leachate and irrigation water.
The amount of container leachate can be measured using a simple leachate collection
setup that we have found to be effective (Fig. 1). The container is placed on an aluminum
pizza pan supported underneath by two 1-foot pieces of 4 inch x 4 inch lumber. A drill
press with a ½-inch-diameter punch is used to create a drain hole at the edge of the pizza
pan just inside the rim. A downward punch creates a small funnel that facilitates drainage
through the hole. The elevated container and pizza pan allow leachate to drain into a
collection tray (e.g. aluminum foil pan) placed underneath the drainage hole. If natural
slope does not exist, we place a wood shim under the wood supports to create slope to
direct container leachate toward the drain hole. When collecting leachate over multiple
irrigation cycles, we place a cover over the collection tray to limit evaporation as well as
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keep wind from moving the tray. When the test is complete, a cover such as shown in
Fig. 1, can be used to store the tray in the field until the next test is conducted.
The amount of water applied to the container during a LF test can be determined by simply
placing an emitter from an adjacent container into a collection pail. We typically place
spray-stake emitters inside a section of PVC pipe to direct spray into the collection pail.
When collecting irrigation water over multiple irrigation cycles, we place a cover over the
collection pail to minimize evaporation.
Results of LF tests can be used to adjust irrigation run times to achieve a desired LF%:
Adjusted run time = (100%-measured LF%) ÷ (100%-desired LF%) x test run time.
For example, if measured LF was 35% for 12 minutes of irrigation, then the adjusted run
time to achieve a desired LF of 20% would be 9.8 minutes (65 ÷ 80 x 12 minutes).
Discussion The use of routine LF testing has proven to be a valuable tool for optimizing
irrigation efficiency at container nurseries (Stanley, 2012). Labor costs associated with
routine LF testing in both sprinkler and micro-irrigated container crops were reported by
Million et al., 2015. The material cost of the pizza pan collection system described herein
is about $10 ($8 for pizza pan). Add another $5-10 for a wooden structure to cover the
collection tray. Using pizza pans and collection trays made of aluminum suggests that
these components should have a very long and useful life in the nursery. The pizza pan
collection system also lends itself for collecting pour-through leachate solutions for
monitoring electrical conductivity (EC) and/or nutrient levels during production. The visual
nature of the LF test combined with the low cost and ease of conducting routine LF testing
should help growers adopt LF testing as a valuable tool for monitoring and guiding
irrigation in the nursery.
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Figure 1. A simple leachate collection system can be left in the field for routine leachate
fraction testing. A drainage hole punched just inside the rim of the aluminum pizza pan
allows leachate to be collected in a tray.
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Effect of Biochar on Nutrient Release and Retention in Container Crops
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Significance to Industry Greenhouse and nursery producers are facing increasing
fertilizer costs and low nutrient use efficiency. Water management strategies should be
based on economic and environmental concerns and modified to increase nutrient uptake
efficiency and reduce nutrient losses. Incorporating biochar into nursery substrate can
potentially increase substrate fertility by increasing its capacity to retain water and
nutrients. This research focused on the use of switchgrass (Panicum virgatum) biochar on
nitrate (NO3-), phosphate (PO4-) and potassium (K+) release and retention during 8-week
life cycle of Buxus sempervirens ×B. microphylla (‘Green Velvet’ boxwood) and Hydrangea
paniculata (Pinky Winky® hardy hydrangea). Pots were filled with pine bark and amended
with either 10% or 25% (v/v) biochar. Plants were irrigated with a moisture sensor-based
irrigation when the volumetric water content reach the set point of 0.25 cm3/cm3 and
provided water until container capacity to determine the impact of biochar on water and
nutrient leaching. Over the growing season the mass of NO3- and PO43- released was not
significantly different in each treatment in hydrangea, whereas K+ release fluctuated more
in the biochar amended substrates. In boxwood 25% biochar treatment released higher
NO3- and PO43- in leachate over the time while the mass of potassium had greater
fluctuations during the growing season. Although the average of leachate analysis over
the time showed a higher amount of PO43- and K+ was leached from containers that
received 25% biochar, the total amount of water leached and nutrients lost from
hydrangea containers were lower in biochar amendment pots in comparison to
unamended pots due to improvements in the water holding capacity of the substrate and
fewer irrigation events in the biochar treatments. The total amount of nutrient lost from
boxwood was higher in biochar treatments but there were no differences in the number of
irrigation events in boxwood.
Nature of Work Greenhouse and nursery producers are facing increasing fertilizer costs
and low nutrient use efficiency (1). In containerized crop production excessive nutrients
are typically supplied in order to prevent plant growth restriction (2). This, in combination
with the low water and nutrient holding capacity of traditional container substrates, results
in leaching and runoff. Future management strategies should be based on economic and
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environmental concerns and modified to increase nutrient uptake efficiency and reduce
nutrient losses (3). Nutrient use efficiency is closely related to irrigation management (4).
Minimizing nutrient losses through leaching may improve grower profits and sustainability
by increasing fertilizer use efficiency, reducing fertilizer costs and avoid the need for the
enforcement of non-point source of agrochemical pollution water quality regulations (5,6,7)
and offer the potential to benefit the environment as well as growers (8). Biochar is a
byproduct of pyrolysis, the thermochemical decomposition of organic materials in the
absence of oxygen and at high temperatures, that can be used as soil conditioner in
agriculture (9). Biochar has been described as a means to enhance soil nutrient retention
(10). Moreover it can cause an increase in soil fertility in the long term via increase of
cation exchange capacity and surface area and also increase water retention which can
reduce nutrient leaching (11, 12). The objective of this study was to determine the effect
of biochar on water conservation and nitrate (NO3-), phosphate (PO4-) and potassium (K+)
release and retention during 8-week life cycle of Buxus sempervirens ×B. microphylla
(‘Green Velvet’ boxwood) and Hydrangea paniculata (Pinky Winky® hardy hydrangea).
The experiment was conducted at the University of Tennessee North Greenhouse
Complex, Knoxville, Tennessee. ‘Green Velvet’ boxwood and hydrangea were potted into
3.8 L containers. Pots were filled with pine bark and amended with two rates of 10% or
25% by volume of biochar. Biochar was obtained from a local biochar producer and was
made of 100% switchgrass subjected to pyrolysis at around 1000°C. Containers were
watered by hand for 4 weeks before initiating the automatic sensor-based irrigation
program. One week after transplanting, plants were top-dressed with 18N-6P2O5-12K2O
controlled release fertilizer with micronutrients (Osmocote, Everris, Marysville, OH) at 24
gram per container. Substrates were also treated twice with a surfactant (Aquagro,
600ppm) in order to prevent the substrate from becoming hydrophobic.
The experimental arranged in a randomized complete block design with 10 replications.
Factors were two plant species (Buxus and Hydrangea) and 3 substrates [100% pine bark,
pine bark with biochar (10% or 25% v/v)]. Analysis of variance was conducted using
mixed models (SAS v9.4, Cary, NC), means were separated by plants using the slice
option in order to compare the effect of biochar rate separately for each plant.
Substrate moisture levels were controlled by EC-5 capacitance sensors (ECHO-5,
Decagon Devices Inc., Pullman, WA) connected to a multiplexer (AM16/32, Campbell
Scientific Inc.) wired to a data logger (CR1000, Campbell Scientific Inc., Logan, UT)
programmed to read and convert mV output from the EC-5 sensors to volumetric water
content based on a substrate-specific calibration for each sensor. A 16-channel relay
controller (SDM-CD16AC, Campbell Scientific Inc., Logan, UT) connected to the data
logger operates solenoid valves. Ten independent irrigation zones were constructed with
one irrigation line per treatment combination. When the data logger measured a lower
volumetric water content (θ) than the set-point, it was programmed to supply power to the
valve controlling irrigation to those containers. It turned on and off based on probe
measurement of the volumetric water content of the substrate. For this experiment, the
volumetric water content set point that triggered irrigation was 0.25 cm3/cm3, slightly
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greater than 0.20 cm3 /cm3, which is an accepted value for plant available water in soilless
substrates, in order to prevent the bark from becoming hydrophobic. The upper set point
was based on the container capacity value of the most moisture retentive substrate, 0.41
cm3/cm3. All of the substrate treatments were irrigated with the same amount of water in
order to compare the leachate volume to see the effect of biochar on water retention and
nutrient leaching. Leachate volume was measured every day after each irrigation event.
Leachate samples were collected from 50 containers, half of the containers, each week for
eight weeks. The samples were stored in plastic vials, and were kept refrigerated until
analyzed. At the time of analysis, leachate samples were filtered with a 0.45um syringe
filter. The filtrate was then poured into 5-mL vials, capped, and analyzed on an ICS 1100
(Ion Chromatography System; Dionex, Bannockburn, IL) for concentrations of nitrate
(NO3–), phosphate (PO4 3–), and potassium (K+).
Results and Discussion The irrigation event was scheduled based on probe
measurements of substrate volumetric water content. The irrigation was applied once the
set point (0.25 cm3/cm3) was reached until near container capacity (0.41 cm3/cm3). The
real time monitoring of substrate volumetric water content of hydrangea showed that pine
bark treatment set points was reached more frequently, whereas in the biochar treatments
the plants were irrigated less frequently. Biochar treatments hold the water for longer
period of time and require less frequent irrigation. After irrigation, plant water use and
evapotranspiration resulted in a reduction in substrate water content, which was not
different in boxwood plants treated with biochar from the control. Higher water
requirement in addition to faster growth leads to faster drainage of hydrangea. Also,
grown plants need more frequent irrigation. These factors influence the effect of biochar
addition on substrate water holding capacity in hydrangea in comparison to boxwood
which is a slow growth plant with low water requirements.
All nutrient concentrations were higher in 25% biochar treatment leachate; because the
volume of leachate was different so the mass of nutrients (concentration * leachate
volume) were calculated in order to look at the effect of biochar on nutrient release clearly.
Nutrient analyses were averaged over two weeks to have the results for all of the
treatments reported in 4 time periods, as some of the treatments were not irrigated every
week. NO3- mass loss was not significantly different after increasing biochar amendment
rate at individual time periods in hydrangea’s leachate, whereas NO3- release fluctuated
more in boxwood’s leachate and increased in 25% biochar amendment rate in second and
forth time periods (Table. 1). Higher biochar application rate produced higher PO43- in
leachate in both species. However the changes were not significant in hydrangea
leachate. Over the growing season the mass of potassium released in leachate tended to
fluctuated more in the biochar amended substrates. The mass of K+ release increased
after addition of 25% biochar at individual time periods in both of the plants. The higher
mass of nutrient release in boxwood leachate might be due to lower nutrient requirements
in a slow growing plant. Hydrangeas are fast growing plants with higher water and nutrient
requirement in boxwood. These results are in line with the literature. Altland and Lock
(2013) reported that gasified rice hull biochar act as a source of phosphate and potassium
in soilless substrate (1).
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The total amount of water leached and nutrients lost from hydrangea containers were
lower in biochar amendment pots due to improvements in the water holding capacity of the
substrate and fewer irrigation events in the biochar treatments.
Amendment with biochar was shown to affect concentration of PO43- and NO3- in both
plants media and K+ in boxwood media. While concentration of the three aforementioned
nutrients were higher in plants amended with 25% biochar compared to those not
amended. Concentration of K+ in hydrangea was similar in all amended and unamended
substrates (Table. 2). Dumroese (2011) reported that increasing pelleted biochar rates
increased amounts of soluble iron (Fe), K, sodium (Na), P, and boron (B) and decreased
levels of aluminum (Al), calcium (Ca), magnesium (Mg), manganese (Mn) and sulfur (S).
Also the highest total N values were obtained from 50% pellet biochar treatment (13).
Amendment with biochar was shown to affect foliar PO43- and K+ in both species and N
concentration in hydrangea. Concentration of these nutrients were higher in the biochar
amended treatments. N concentration decreased in boxwood leaves in biochar treatments
in compared to the control (Table. 3). The switchgrass biochar in this experiment was a
source of K and P for the plants due to measurable differences in plants nutrient
concentration caused by biochar amendment. A meta analysis of 114 published paper
concluded that biochar addition to soils caused an increase in plant tissue potassium
concentration but the concentration of plant tissue N and P doesn’t show any significant
effect of biochar (14).
Moving the nursery industry towards increased sustainability requires better management
of irrigation. Developing management practices that make more efficient use of irrigation
water is important for improving sustainability of nursery crop production. A precision
irrigation system in combination with biochar, a readily available, low cost substrate
amendment that increases water holding capacity reduced the water and nutrient leaching
in hydrangea. This could help nursery growers who are trying to conserve water or
expand production on existing and/or limited water supplies.
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Table 1. Nutrient release curve over four time periods. Leachate nitrate, phosphate, and
potassium from a pinebark substrate amended with either 0, 10, or 25% switchgrass
fertilized with slow release fertilizer. Values with the same letter in each plant and each
nutrient were not significantly different (p = 0.05).
Plant

Biochar
rate (%)

Hydrangea
Hydrangea
Hydrangea
Boxwood
Boxwood
Boxwood

0
10
25
0
10
25

Hydrangea
Hydrangea
Hydrangea
Boxwood
Boxwood
Boxwood

0
10
25
0
10
25

Hydrangea
Hydrangea
Hydrangea
Boxwood
Boxwood
Boxwood

0
10
25
0
10
25

1

2

Time

NO3_

(mg)
1.75ab
2.87ab
1.29ab
3.69a
1.91ab
1.9ab
1.29d
2.5cd
9.55bcd
7.13abc
6.08bcd
11.19ab
PO43-(mg)
0.24bcd
0.31abcd
0.35abcd
0.65abcd
0. 76ab
0.72abc
0.07f
0.47ef
1.69de
1.50d
3.54bc
4.06b
K+ (mg)
2.41c
2.84bc
4.95c
10.31a
7.46bc
9.32a
3.82de
0.53f
24.28abc
16.78abcd
33.2ab
20.04e
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4

1.75ab
2.18ab
4.3ab
8.5ab
11.54ab
13.81ab

1.25ab
1.41b
2.01ab
8.36bcd
7.88bcd
23.34a

0.23cd
0.4abcd
0.89a
1.22d
1.89cd
3.63bc
1.64c
4.61abc
8.13a
13.04bcd
13.78bcde
6.90cde

0.15d
0.38cd
0.50abcd
1.65cd
1.2de
5.9a
1.34c
2.69bc
5.64ab
15.17abcd
18.55abcd
69.26a
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Table 2. Substrate nitrate, phosphorous and potassium concentration from a pinebark
substrate amended with either 0, 10, or 25% switchgrass fertilized with slow release
fertilizer. Values in same column with the same letter in each plant were not significantly
different (p = 0.05).

Plant
Hydrangea
Hydrangea
Hydrangea
Boxwood
Boxwood
Boxwood

Biochar
rate (%)
0
10
25

NO3(mg/L)
40.96b
118.93a
130.44a

PO43(mg/L)
5.97b
8.6b
14.81a

K+
(mg/L)
79.88a
109.68a
102.68a

0
10
25

51.9b
154.33a
161.29a

4.81c
9.67b
25.0a

60.7b
89.65b
164.0a

Table 3. Foliar nutrient concentrations of green velvet boxwood and pinky winky hardy
hydrangea in a pinebark substrate amended with either 0, 10, or 25% switchgrass biochar.
Values in same column with the same letter in each plant were not significantly different
(p = 0.05).
Plant
Hydrangea
Hydrangea
Hydrangea
Boxwood
Boxwood
Boxwood

Biochar
rate (%)
0
10
25

N
(%)
2.34b
2.41ab
2.64a

PO43(mg/L)
2,795b
3,471a
3,805a

K+
(mg/L)
7,382b
8,882b
11,119a

0
10
25

3.11a
2.84b
2.77b

2,347b
3,202a
3,770a

7,416b
8,506b
10,605a
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Comparing the Economics of Two Weed Removal Strategies in Container Nurseries
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2
North Carolina State University, Dept. of Horticultural Science
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Significance to the Industry Despite the availability of many broad spectrum herbicides
for weed control in container nurseries, supplemental hand weeding remains a costly
component of nursery crop production. Recent economic pressures have forced many
growers to reduce the number of staff, resulting in less frequent hand weeding. In this
research we demonstrate that more frequent hand weeding may reduce overall weed
control costs.
Nature of Work To minimize weed competition in container-grown woody nursery crops
Southeastern growers utilize three to six applications of preemergence herbicides each
year. Despite frequent use of broad-spectrum preemergence herbicides, weeds continue
to emerge and must be removed by hand at a cost of $500 and $4,000 per acre per year
(1,3). Weed management practices that reduce the man-hours required for hand weeding
have the greatest potential to reduce overall weed control costs. Anecdotal reports and
our preliminary data (2) suggest that sanitation practices, such as frequent hand-weeding,
may reduce overall weed control costs by preventing or slowing weed reproduction and
spread. To test this observation, the cost-effectiveness of frequent vs infrequent hand
weeding was compared in experiments conducted at the NC State Castle Hayne
Horticultural Crops research station and three cooperating container nurseries. All
containers in the experiment were treated with a preemergence herbicide, Snapshot TG,
about every eight weeks. Two hand-weeding strategies were compared: hand-weeded
every two weeks versus hand-weeded just prior to herbicide application (about every eight
weeks). Time required for hand-weeding and fresh weights of weeds removed were
recorded, and cumulative weeding time and weed biomass were calculated.
Results and Discussion Within the first eight weeks of the experiment, pots handweeded every two weeks had far less weed biomass than pots weeded every eight weeks.
However, in the first eight weeks few differences were observed in the total time required
to hand weed pots (data not shown). However, weed biomass and the time required to
remove weeds increased over time, and significant differences were observed in the
cumulative labor-time required. Compared to hand-weeding every eight weeks, frequent
hand-weeding (every two weeks) resulted in a 50% to 92% reduction in weed biomass and
9% to 60% reduction in man-hours required to remove weeds (Figure 1). In experiments
conducted at the Castle Hayne research station where crop and weed populations were
more consistent across the replicates, frequent hand weeding provided 40% to 56%
reductions in cumulative hand weeding costs. Results from on-farm experiments were
more variable. At one site, the man-hours required for hand weeding every two weeks
versus every eight weeks was not different. Yet in all test sites, the biomass of weeds
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removed was consistently less when pots were weeded frequently. Little or no difference
in growth of woody nursery crop species was observed between the two weeding
regimens, raising the question of how much weed control is actually necessary for crop
growth. This experiment demonstrates that increased weeding frequency, with an
emphasis on preventing weed reproduction, has the potential to reduce production costs in
container nursery crop production.

250

Weeded every 2 weeks

cost/1000 pots ($)

200

Weeded every 8 weeks

150

100

50

0

Research Station- Research Station- Johnson Nursery- Johnson Nursery2014
2015
2014
2015

Carroll's Plant
Center-2015

Smith's Nursery2015

Figure 1. Comparison of cumulative costs for supplemental hand-weeding 1000 pots
every two weeks vs. every eight weeks. Cost estimates assume labor costs of $15 per
hour; for 16 weeks.
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