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Using Research Data
Safely and Effectively
Good research is conducted under an exact set of controlled conditions, varying
only the specific treatments which are to be evaluated. Results from the specific
treatments are directly applicable to your operations only if all the conditions in
your operation are controlled the same as in the research. Unfortunately, this
seldom happens. However, this does not mean that you cannot benefit from the
research. What it does mean is that you should use the research information on
a trial basis if your plant species, soil type, watering method, size and age of
plant, climatic region, etc. is different than that described by the researcher.
What an alert grower should expect to gain from these research reports is ideas
– ideas as to the best control for insects, disease, nematodes and weeds – labor
saving ideas such as chemical pruning and using growth regulators to minimize
maintenance. Also, ideas on water management, nutrition, alternative growing
media, new plants for landscaping and guides for improving profits and marketing
skills can also be found.
Should you desire additional information on any report, please contact the
author.
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THE PORTER HENEGAR MEMORIAL AWARD
for
HORTICULTURAL RESEARCH
Allen Owings
The Southern Nursery Association honored
Dr. Allen Owings with the Porter Henegar Memorial
Award during the 62nd 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. Owings was born and raised in Hammond, LA. He holds a BS degree (plant
science) from Southeastern Louisiana University, MS degree (Horticulture) from
LSU and PhD (Horticulture) from Mississippi State University.
Dr. Owings began his career as professor at the LSU AgCenter - Calhoun
Research Station in 1992 and continued as resident coordinator at the LSU
AgCenter – Hammond Research Station before retiring in 2017 after 25 years of
service. He provided statewide extension service programming for nursery
growers, landscapers, garden centers and secondarily to master gardeners and
home gardeners. Dr. Owings coordinated the LSU AgCenter Louisiana Super
Plant program and conducted research in the area of ornamental horticulture
plant trials and evaluation programs.
Since October 2017, Dr. Owings has been employed as senior horticulturist at
Bracy’s Nursery in Amite, LA and horticulturist at Clegg’s Nursery in Baton
Rouge, LA. In this role he works in the area of new plant recommendations,
social media education, horticulture outreach and customer relations.
Dr. Owings has participated annually in the SNA research conference since 1987
and has published over 70 articles in the proceedings. He was an inaugural
recipient of SNA’s Sidney B. Meadows Scholarship.
In his free time, Allen enjoys gardening, golf, and LSU sports.

vi

SNA Research Conference Vol. 63 2019

The Bryson L. James
Student Research Competition
2019 Awards
This long-standing program was renamed in August 1989, in honor of Dr. Bryson L.
James, longtime Director of Horticultural Research for the Southern Nursery Association.
As Dr. James has been an active participant and leader in the annual Research
Conference for more than 50 years, the award, named in his honor, is a tribute to his
tireless efforts on behalf of the researchers, the association and the industry. Listed
below are guidelines for the Student Competition as well as this year's winners:
1. Any student of a university or a college
having researchers that participate in the
Southern Nursery Association Research
Conference, are not more than one (1)
academic year removed from graduation
and whose research was completed prior
to graduation are eligible to compete.
2. Research is to be that of the presenter
and a part of his/her educational studies.
Contract work, unless a part of a thesis or
classroom report (credit given), is not
acceptable, as it may provide unlimited
funding and an unfair advantage.

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

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

2019 Bryson L. James Student Competition Award Winners
M.S. Candidates
1. Mary Lewis
2. Ian Howard

University of Georgia
University of Maryland

Ph.D. Candidates
1. Jenny B. Ryals
2. Lauren Garcia Chance
3. Kaitlin Barrios

Mississippi State University
Clemson University
University of Georgia
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Hybridization of Native Asclepias Species for the Creation of Novel Cultivars
Mary Lewis, Matthew Chappell*, Paul Thomas, Donglin Zhang
University of Georgia, 1111 Miller Plant Sciences Building, Athens, Georgia 30602
*hortprod@uga.edu
Significance to Industry Milkweed (Asclepias spp.) has over 108 species native to
North America (1, 2). In addition to being an important ecologic host and food source for
many butterfly species, Asclepias is known for its attractive floral structures and
performance in landscape environments with minimal fertilizer and irrigation inputs.
However, the genus as a whole possesses traits that make it difficult to produce
commercially, including extreme height, poor branching, aversion to moist soil
conditions, and poor germination rates. Another major barrier to introduction is that
Asclepias boasts one of the most reproductively complex structures known in the plant
kingdom (3). Given the major physiological and ecological barriers presented, controlled
hybridization of Asclepias (both intra- and interspecific) has had little success in
published reports. Hybrid seedlings may also express some form of hybrid vigor; be it
as pest resistance, improved branching, improved ecologic adaptability, improved flower
color, and/or greater environmental tolerances. Using a new pollination technique
developed in this study, pollination success rates increased from 2% to 12%. Fertile
hybrids were successfully made with A. tuberosa as the maternal parent and A. hirtella,
A. purpurascens, A. syriaca, and A. speciosa as pollen donors. The fertile crosses
made in this study are the first documented hybrids of their kind.
Nature of Work Recent genetic diversity work has shown low hybridization of
Asclepias may be influenced by high genotypic diversity among the 90 Asclepias
species and cultivars that have been assessed, as well as potentially differing
chromosome numbers (4). Despite high levels of genetic variation among species and
resulting difficulties in producing fertile offspring, this same diversity could yield many
novel phenotypes that could be commercially viable. Studies have reported successful
natural interspecific hybridizations, with researchers indicating that success was due to
habitat overlap (5). Some species have also been successfully hybridized under
controlled conditions (6). Successful crosses under controlled conditions have been
between A. speciosa x A. syriaca, (7) A. exaltata x A. syriaca (8), A. exaltata x A.
quadrifolia, and A. purpurascens x A. syriaca (9). All of these successful crosses
occurred from species in the same phylogenetic clade (4). For this reason, the species
selected as parents for this study were also from closely related clades, with the
exception of A. incarnata and A. hirtella. Asclepias tuberosa was the female parent for
all hybridizations in this study, as this species is the most widely-grown taxa within the
genus and possessed many traits that are superior to other species in the genus (e.g.
better branching, shorter stature, and superior floral display). A. tuberosa was also
selected as the female parent because of its prevalence in the industry. The pollen
donors that were selected include A. speciosa, A. syriaca, A. viridis, A. incarnata, A.
purpurascens, A. hirtella, and A. fascicularis.
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Asclepias spp. are long day plants and usually initiate flowering under 14-hour days
(May 18th in Athens, GA) in the second year after germination. To reduce that juvenility
period, seedlings were exposed to 15-hour days with night interruptions to initiate
flowering in the first year (10).
Seed of all genotypes were germinated in 36-cell flats in September 2017 and after 12
weeks of growth exposed to a chilling treatment in a walk-in cooler at 35 F for 12 weeks.
Once plants were removed from the coolers, they were potted into 1-gallon containers
(Classic 200, Nursery Supply, Inc) filled with composted pine bark substrate (Foothills
Compost, Inc.) New growth was pinched back to the fourth node at week 5 after
dormancy break. Pinching was done to promote greater branching and thus larger
flower set for crosses to be made from across all species, regardless of their inherent
branching abilities. Pollination was achieved through the insertion of pollinia (packets of
pollen) from pollen donor Asclepias spp. into the stigmatic chamber of A. tuberosa. Two
pollinia from the same pollen parent species were inserted into the stigmatic chambers
of each floret, and the same pollen donor parent was utilized for the entire floral
structure of individual A. tuberosa plants. Removal of pollinia from the pollen donor was
performed using forceps between 6:30AM – 12:00PM and immediately utilized in hand
pollinations.
Three pollination techniques (treatments) were examined. First, pollinia were inserted
into the stigmatic chamber in the same orientation as harvested from the pollen donor.
Second, pollinia were inverted (upside-down) and inserted into the stigmatic chamber.
Third, pollinia were crushed using a mortar and pestle, with the resulting pollen
suspended in a 30% sucrose solution and then inserted into the stigmatic chamber
using a 1cc (1ml) hypodermic needle. Once pollinations were made, data was collected
on the number of successful pollinations by parent combination, noted as the
development of a seed pod. Results of pollination method treatments as well as
successful pollinations by parent combination were analyzed using JMP software to
determine if differences existed among treatments.
Results and Discussion Of the seven different species utilized in this study as pollen
donors, A. hirtella, A. syriaca, A. speciosa, and A. purpurascens formed successful
hybrids with A. tuberosa (Table 2). Literature does not indicate that hybrids between A.
tuberosa and these species have ever been successfully created before, either
intentionally or in the wild. Using a one-way ANOVA, all hybrids except A. syriaca set
fruit with greater frequency than A. tuberosa typically would (intraspecifically) in the wild.
Of the three species that did not have successful pollinations (A. incarnata, A.
fascicularis, and A. curassavica), phylogenic information indicates that these species
are more distantly related to A. tuberosa in contrast to those species that successfully
set seed pods. This may indicate that reasons for hybrid incompatibility are a result of
genetic differences rather than gametophytic or sporophytic incompatibility.
Literature indicates that typical fruit set for A. tuberosa is less than 1% in the wild (11).
During this study, we observed fruit set percentages when pollinating A. tuberosa
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genoytpes with A. tuberosa pollen of 2.28% using the traditional pollination method.
While greater than expected, it still would result in difficulties for breeders and may
explain why little success has been documented in breeding both intra- and
interspecifically within Asclepias spp. Differing pollination methods were examined in an
attempt to improve pollination success and as a result increasing hybrid population
sizes. Results indicate that solution-based pollinations did not result in any successful
pollinations when pollinating A. tuberosa genoytpes with A. tuberosa pollen, regardless
of the pollen to solution ratio used (Table 3). However, inverting pollinia before insertion
increased fruit set almost 12-fold over that of previously published results (11); with a
success rate of 11.72%. No previous work has been published using the inverted
pollinia insertion method described in this study, therefore we assume this is the first
documentation of success using this method. To date, all interspecific crosses that set
fruit have also produced viable seed upon seed pod maturity, with germination
percentages of hybrid seed comparable to the female parent (A. tuberosa) (data not
shown). Progeny of these crosses will be grown out and evaluated throughout 2019,
and selections for improved hybrids will subsequently be made, along with detailed
reports regarding inheritance of ornamental characteristics.
Literature Cited
1. Woodson, R. E. The North American species of Asclepias L. Ann. Missouri Bot.
Gard. 1954. 41:1-211.
2. Wyatt, R. and S.B. Broyles. Ecology and evolution of reproduction in
milkweeds. Annual Review of Ecology and Systematics, 1994. 25(1): 423-441.
3. Wyatt, R. Pollination and fruit-set in Asclepias: a reappraisal. American Journal of
Botany, 1976. 63(6): 845-851.
4. Weitemier, K., S.C. Straub, M. Fishbein, and A. Linston. Intragenomic
polymorphisms among high-copy loci: a genus-wide study of nuclear ribosomal DNA
in Asclepias (Apocynaceae). PeerJ, 2015. 3:e718; DOI 10.7717/peerj.718.
5. Wyatt, R. and S.B. Broyles. Hybridization in North American Asclepias. III. Isozyme
evidence. Systematic Botany, 1992. 17(4): 640-648.
6. Kephart, S.R. and C.B. Heiser. Reproductive isolation in Asclepias: lock and key
hypothesis reconsidered. Society for the Study of Evolution, 1980. 34(4): 738-746.
7. Stevens, O.A. Asclepias syriaca and A. speciosa, distribution and mass collections
in North Dakota. American Midland Naturalist, 1945. 34(2): 368-374.
8. Wyatt, R. and D.M. Hunt. 1991. Hybridization in North American Asclepias. II.
Flavonoid evidence. Systematic Botany, 1991. 16(1): 132-142
9. Kephart, S.R., R. Wyatt, and D. Parrella. Hybridization in North American Asclepias.
I. morphological evidence. Systematic Botany, 1988. 13(3): 456-473.
10. Albrecht, M.L. and J.T. Lehmann. Daylength, cold storage, and plant-production
method influence growth and flowering of Asclepias tuberosa. HortScience,
1991. 26:120-121.
11. Wyatt, R., 1981. The reproductive biology of Asclepias tuberosa. New
Phytologist, 88(2), pp.375-385.
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Table 1. Summary of Asclepias species used for interspecific hybridization and their
perceived importance for this experiment.
Pollen Acceptors
Asclepias tuberosa

Pollen Donors
A. speciosa
A. syriaca
A. viridis
A. incarnata

Traits of Interest*
FC, BL, and F
FC, and F
H, FC, and B
SMP, FC, BL, F, and B

A. purpurascens
A. hirtella
A. fascicularis

H, FC, BL, and F
SMP, and FC
H, FC, BL, F, and B

*H-height (less than 24” tall), SMP- soil moisture preference of moist-wet, FC-Flower
color that differs from A. tuberosa’s orange/yellow blooms, BL-bloom length greater than
two weeks, F- having a strong fragrance, and B- having a branching habit.

Table 2: Number of Asclepias hybrid crosses made in 2018 and their pollination
success rates.
Mother
A. tuberosa
A. tuberosa
A. tuberosa
A. tuberosa
A. tuberosa
A. tuberosa
A. tuberosa
A. tuberosa
A. tuberosa
A. tuberosa
A. tuberosa
A. tuberosa
A. tuberosa
A. tuberosa

Father*
A. fascicularis
A. fascicularis (S)
A. incarnata
A. incarnata (S)
A. tuberosa (S)
A. tuberosa
A. tuberosa (Inv)
A. fascicularis (Inv)
A. incarnata (Inv)
A. purpurascens (Inv)
A. hirtella (Inv)
A. syriaca (Inv)
A. speciosa (Inv)
A. curassavica
Total

#Crosses #Pods %Success
380
0
0.00
831
0
0.00
412
0
0.00
240
0
0.00
1182
0
0.00
570
13
2.28
401
47
11.72
320
0
0.00
365
0
0.00
1236
50
4.05
1159
53
4.57
1294
32
2.47
1065
56
5.26
475
0
0.00
9930
251
--

* Differing pollination methods indicated by parenthesized letters. (S)-solution based
pollinations and (Inv)-inverted pollination method. Crosses without an indication letter
beside it were the traditional pollination method.
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Table 3. Comparison of successful pollination rates depending on pollination method.
Solution based pollinations, traditional pollination method (Hand), and the new
method (Hand/Inverted) of pollination for Asclepias tuberosa.
Pollination
Solution
Solution
Solution
Solution
Hand
Hand/Inv

Method
100p: 2ml
200p: 1ml
250p: 1ml
350p: 1ml
1p: 1ss
1p: 1ss

#Crosses #Pods %Success
985
0
0.00
185
0
0.00
113
0
0.00
915
0
0.00
570
13
2.28
401
47
11.72
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Two SNPs Identified Using GBS are Associated with Reblooming in Dwarf Lilacs
Ryan Contreras, Hsuan Chen, Jason Lattier, and Kelly Vining
Department of Horticulture, Oregon State University, Corvallis, OR 97331
ryan.contreras@oregonstate.edu
Index Words Marker-assisted selection, single nucleotide polymorphism, genotypingby-sequencing, remontancy, Syringa pubescens, Syringa meyeri
Significance to Industry Remontancy (reblooming) has become almost a requirement
among many taxa of woody ornamental plants. Consider hydrangeas, azaleas, and
roses – virtually all successful commercial cultivars from these taxa are reblooming.
Bloomerang® lilac (Syringa ‘Penda’ USPP 20,575) was a seedling of ‘Josee’ with
improved remontancy which has shown promise for continued cultivar improvement.
Developing molecular tools to speed the selection of reblooming cultivars will continue
to generate enthusiasm among consumers and strengthen the industry.
Nature of Work The practical application is expedited and efficient evaluation of
progeny for reblooming. Currently, our model is to grow plants for 4-6 years and
discard plants that lack our trait of interest only after they have been evaluated in a field
setting. This is extremely costly and inefficient since early observations revealed the
majority of plants lack remontancy. Breeders will be able to develop larger populations
of plants, screen them for the trait-associated marker, and make selections at the
seedling stage. It is far cheaper to screen for a marker than to grow a plant for 6 years.
After deploying SNP-based markers, the speed of cultivar development will increase.
A biparental mapping population with 66 F1 individuals was used in this study. One
female parent, S. meyeri ‘Palibin’ (10-0209), acquired from Blue Heron Farms
(Corvallis, OR) was crossed with S. pubescens ‘Penda’ Bloomerang® Purple from
Garland Nursery (Corvallis, OR). Plants were grown according to Lattier (1).
Plants were phenotyped during 2017 and 2018 for spring and summer bloom. Spring
bloom was recorded in mid-May to confirm each plant had reached reproductive
maturity. Evaluation of remontancy was replicated three times each year between midJuly and mid-August. Levels of remontancy were recorded as non-remontant (no
repeat bloom), semi-remontant (1-3 inflorescences), and remontant (>3 inflorescences).
All possible phenotype segregation rates were examined by chi-square goodness-of-fit
tests.
Single-nucleotide polymorphism (SNP) markers were identified using the TASSEL-GBS
v.3.0 pipeline (2). After quality filtering, 20,730 SNP markers were selected and
Principal Component Analysis (PCA) and marker-trait-association analysis were
performed using GAPIT (3). Different PCA depths and several statistical models,
including Multivariate Linear Models (MLM), Generalized Linear Model (GLM),

7

SNA Research Conference Vol. 63 2019

Compression MLM (CMLM) and enriched CMLM (ECMLM), were used for marker-traitassociation analysis to obtain a consensus result.
Results and Discussion Of the 66 F1 individuals, 27 plants were remontant, 13 were
semi-remontant, and 26 plants were non-remontant. Most plants that exhibited
remontancy in 2017 continued to show some level of remontancy (semi-remontant and
remontant) in 2018. However, the instability of semi-remontant types was observed in
several plants. Four semi-remontant plants that were phenotyped in 2017 were nonremontant in 2018. Plants that were remontant in 2017 either maintained remontancy or
were considered semi-remontant in 2018. For plants exhibiting inconsistent phenotypes,
their phenotype of 2018 was used for marker-trait-association analysis.
Segregation ratios for single- and two-gene models were tested, including two possible
two-gene segregation models. The first two-gene model was an expected segregation
ratio of 6:4:6 for non-remontancy, semi-remontancy, and remontancy (2 =5.44, df = 2,
P = 0.76). Another possible segregation ratio tested was 3:5 for non-remontancy and
sum of semi-remontancy and remontancy (2 =0.05, df =1, P=0.82). For possible singlegene segregation proportions (1:1, 1:2, and 1:3) the p-values of χ2 test were 0.38, 0.47,
and 0.08, respectively. Thus, a two-gene model most likely explained the observed
phenotypic segregation ratio.
After trimming the genotype and phenotype datasets, 20,730 markers were included in
the genome-wide association sstudy (GWAS) analysis. The results of different statistical
models were very similar. Thus, the results of MLM are presented. We further used a
quantile-quantile (QQ) plot and method of arbitrary functions (MAF) plot to examine the
MLM model fitness for 3-level remontancy (non-, semi-, and remontant). The top one to
three markers may be associated with remontancy. Without using marker location
information, GAPIT found two SNP markers, TP70580 and TP82604, co-segregating
with remontancy with significant p-values (P<0.0001). TP70580 is a T/C SNP marker
and both parents were heterozygous T/C. Genotypes of C/C, T/C, and T/T of TP70580
loci were found in the F1 population. TP82604 contained a T/A SNP marker. The
genotype of the remontant parent, S. pubescens Bloomerang®, is T/T and the genotype
of the non-remontant parent is T/A. Genotypes of T/A and T/T of TP82604 loci were
found in the F1 population. For convenience, we expressed TP82604 and TP70580 as
an AB two-loci model. T/A and T/T alleles of TP82604 are expressed by Aa and aa, and
C/C, T/C, and T/T of TP70580 alleles are expressed by BB, Bb, and bb, in this study.
Genotypes of the remontant parent S. pubescens Bloomerang® and the non-remontant
parent S. meyeri ‘Palibin’ are Aabb and AaBb. Genotypes of progenies are AABb,
AaBb, AAbb, aaBb, Aabb, and aabb (Figure 1).
By observing the phenotypes of each genotype, we concluded that both A and B loci
affect remontancy levels by epistatic interaction and additive interaction. The A locus
(TPTP82604) is critical to remontancy and the A locus shows the semi-dominant (or
dominant effect). For recessive homozygous aa plants, only 17% of plants are nonremontant, while 83% of plants are remontant. Conversely, for plants with the Aa
genotype, 79% of plants are non-remontant while 21% are remontant. To summarize,
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the relative impact on levels of remontancy at the A locus is aa > Aa. Similar results are
shown in TP70580 with a comparatively smaller effect on remontancy. For plants with
the genotype BB, 73% are non-remontant and 27% are semi-remontant. No plants in
this category were found to be the true-remontant type. For plants with the Bb genotype,
42%, 29% and 29% of plants are non-remontant, semi-remontant, and remontant,
respectively. In contrast, for plants with the bb genotype, 17%, 10% and 72% of plants
are non-remontant, semi-remontant, and remontant, respectively.
Observing the two loci together, results show the genotypes have a cumulative effect on
remontancy. None of the plants with genotype AABb were remontant. Furthermore,
91% of plants with the genotype aabb are either remontant or semi-remontant. For other
genotypes, including AAbb, AaBb, Aabb, and aaBb, ratios of remontant, semiremontant, and non-remontant varied. However, remontant and semi-remontant ratios
gradually increased with an accumulation of recessive alleles at the two loci (Figure 1).
Literature Cited
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Figure 1. Genotypes and phenotypes in the Syringa hybrid population.
A total of 66 hybrid plants were used from the cross, Syringa meyeri ‘Palibin’ x S.
pubescens ‘Penda’ Bloomerang® Values are the percentage of plant phenotypes (with
an original number) in each genotype. Order of number from top to bottom represents
plants with phenotypes of remontant, semi-remontant, and non-remontant. Genotype Aa
and aa represent T/A and T/T genotype of TPTP82604 marker; BB, Bb, and bb
represent C/C, T/C, and T/T of TP70580 marker. Note: Genotypes aaBb and AaBb
showed twice in the figure.
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Harnessing the Power of Epigenetic Priming to Improve Stress Tolerance in
Vegetative Propagated Perennial Crops
Carlos M. Rodríguez López
Environmental Epigenetics and Genetics Group, Department of Horticulture
College of Agriculture, Food and Environment, University of Kentucky
Lexington, KY 40546
carlos.rodriguezlopez@uky.edu
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Significance to Industry Climate change is expected to increase the prevalence of
extreme weather conditions. This urgently demands the breeding and propagation of
novel crop varieties that are more resilient to periods of environmental stress. To-date,
progress in this area has been hindered as perennial woody crops impose prolonged
breeding programs. Epigenetic priming increases plant’s resilience to biotic or abiotic
challenges by generating an epigenetic memory of their environment. The
implementation of epigenetic priming to generate locally adapted varieties with
enhanced stress tolerance will increase the competitiveness of the American
horticulture industry by reducing the cost of replanting. Enhanced stress tolerance will
also improve orchard performance and reduce input costs, promoting sustainability.
Nature of Work In the current climate change scenario, with predicted rapidly changing
weather patterns, the perennial crop industry urgently needs to breed novel varieties
more resilient to periods of environmental stress, without losing end-product quality.
Much work has been done to understand the genetic basis of stress/disease tolerance
in crops. However, perennial woody crops impose protracted and costly breeding
programs that hamper the development of novel varieties.
Epigenetic mechanisms are a key interface between an always changing environment
and the fixed plant’s genome. Such mechanisms actively regulate gene expression in
response to environmental stimuli, ultimately affecting the plant’s phenotype (1). It is
now widely accepted that epigenetic mechanisms have been the source of useful
variability during crop varietal selection (2-8), and the field of applied epigenetics is
spawning new opportunities for the enhancement of crop production (3). In a paradigm
changing paper, Hauben et al. (2009) (9) revealed the possibility of improving key crop
yield determinants (e.g. energy use efficiency) through recurrent epigenetic selection of
isogenic lines.
Recurrent selection of novel epialleles is, however, a long process for perennial crops
due to their long juvenile phase. A further way of releasing epigenetic variability in crops
is epigenetic priming (EP). EP capitalizes on fluctuations in the growing environment
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driving changes in the epigenetic status of organisms, ultimately leading to adapted
phenotypes. In particular, EP refers to the molecular mechanisms by which plants can
increase their resilience to biotic or abiotic insult by creating an epigenetic memory of
the stress inducing conditions (10). In 2006 Molinier et al. (11) showed how the
exposure of plants to biotic and abiotic stress triggered an epigenetically regulated
hyper-recombination state that increase the potential for adaptation of the treated
population. Additionally, such epigenetic change was retained over subsequent sexual
generations never exposed to the same stressors. More recently, our work led to the
identification of the first environmentally induced epi-alleles associated with water
availability related stress tolerance (i.e. drought and low relative humidity) in the model
plant Arabidopsis thaliana (10,12,13). These observations raised the scope of deliberate
elicitation and fixation of epigenetic variation responsible for the control of particular
traits or developmental processes using epigenetic priming via management of the
growing environment during breeding (14). Since then, multiple studies have shown that
the exposure of plants to biotic and abiotic stress can evoke epigenetically-mediated
changes to gene expression which influence important agronomic traits (3,15,16),
suggesting that epigenetic priming can be used for the enhancement of current
germplasm and for the production of locally adapted cultivars. This area of research
has primarily focused on identification and characterization of the molecular
mechanisms allowing for epigenetic adaptation to stress of herbaceous, seed
propagated species, with a particular focus on determining if such adaptations are
meiotically inherited, allowing for a transgenerational stress-adaption. However,
almost no work has been carried on the elucidation of the temporal scale of long-term
maintenance of stress-induced epigenetic modifications in perennial crops and during
vegetative propagation.
Grapevine as a model for the study of epigenetic priming in perennials: Grapevine (Vitis
vinifera L.) is a fast-growing perennial woody crop with a large body of work both in the
fields of agronomy and molecular biology that has been proposed as model for the
study of epigenetic mechanisms in perennials (2). These characteristics and its
economic importance (~400,000 ha of land planted with vineyards and a contribution of
$162 billion to the US economy each year (17) make it highly appropriate for translating
related scientific innovation to the horticulture industry.
Our work has shown that environmentally induced epigenetic profiles in grapevine
plants are consistently modified by the regional location of the vineyard (18). More
recent results also suggest that age-acquired epigenetic markers are maintained or
erased during the generation of vegetative propagules depending on the vegetative
propagation approach used (19). Moreover, whole transcriptome analysis showed a
higher number of differentially expressed genes in primed grapevines than in naïve
ones when re-exposed to heat/drought stress one year after the initial priming event
(unpublished results). This increased response to stress suggests a potential priming at
a molecular level by the previous year’s environmental stress, and mimics previous
results observed in A. thaliana where the memory of stress lasted several days (16).
These findings will be of significant relevance for the industry if epigenetic memory

12

SNA Research Conference Vol. 63 2019

leads to enhanced resilience against stress, and if it is faithfully transferred and retained
during vegetative propagation and when growing in an alternate environment (Figure 1).
Results and Discussion Understanding the molecular mechanisms regulating the
maintenance/erasing of epigenetic memory during vegetative propagation would allow
the implementation of epigenetic priming for the production of locally adapted varieties
without the need of protracted classic breeding programs. These novel varieties will
increase the competitiveness of the American perennial crop industry through an
enhanced survivability of planting material during plant establishment. Moreover, more
resilient vines will help limit the use of agronomic inputs thus achieving economic
sustainability while reducing the industry’s environmental footprint. Also, epigenetic
markers of stress discovered in this project can be used as a tool to diagnose the early
onset or asymptomatic exposure of orchards to stress, facilitating more timely and
targeted interventions. These markers of stress may ultimately be integrated into
models to predict yield and fruit quality. If, as expected, the findings of the proposed
research apply generally, they will provide tools and knowledge transferable to other
agriculturally-important perennial crops.
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‘Formosan Gold’ Sweetgum
John M. Ruter and Kaitlin Barrios
Department of Horticulture, University of Georgia
327 Hoke Smith, Athens, GA 30602
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Significance to Industry ‘Formosan Gold’ differs from the species by having bright
yellow to yellow-green foliage during the spring and summer. Fall color is generally a
mixture of yellow, orange and red leaves. The unique color display this chartreuse
formosan sweetgum brings to landscapes makes it a valuable addition to the
commercial nursery and landscape trades.
Nature of Work Formosan sweetgum (Liquidambar formosana Hance) is a handsome
landscape tree with unique three-lobed leaves, good fall color and tall stately form. It is
native to China and distributed in temperate forests across the southern and eastern
parts of the country, as well as South Korea and Taiwan (1-3). The species was
introduced to North America in 1884 and is considered to grow rapidly and perform well
in U.S. Department of Agriculture (USDA) hardiness zones 7-9 (4). Formosan
sweetgum belongs to the Altingiaceae family and is similar to the American sweetgum
(L. styraciflua L.), a native of the eastern United States and the cloud forests of eastern
Mexico and Central America, as well as L. acalycina (H. T. Chang), another Chinese
native with similar three-lobed leaves but differing in number of capsules per fruit
(2,3,5). L. formosana is not common in the U.S. and has a limited presence in American
botanical gardens, however, it deserves more recognition for its unique leaf shape and
fall foliage color. ‘Formosan Gold’ sweetgum is an improved form of the species with
attractive yellow to chartreuse foliage during the growing season.
The original plant of ‘Formosan Gold’ came from seed received from the Taiwan
Forestry Research Institute in 1998. A golden-foliaged seedling was found among the
green-foliaged seedlings at the University of Georgia Tifton Campus in the summer of
1998. At planting on March 2, 2001, the tree was 5.0 ft. in height and in 2010 had
reached 34.0 ft. As of November, 2018 the original tree is 46.5 ft. tall. Cuttings taken
from three to four node semi-hardwood terminal shoots in Tifton, GA the third week of
May have had rooting success of about 75%. Cuttings were dipped in a 1:2 dilution of
rooting hormone to water (IAA + NAA; Dip ‘N Grow, Inc., Clackamas, OR), stuck in a
substrate of pine bark and perlite (2:1, v/v) and placed under mist for several weeks.
Cuttings were also taken from a clone in Watkinsville, GA in mid to late summer, treated
similarly and yielded comparable rooting percentages. Although rooting percentages
have been high during the growing season, survival through the winter has been very
low. ‘Formosan Gold’ has been successfully side-veneer grafted onto L. styraciflua
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understock. Root suckers produce foliage true to type, so root cuttings may be another
method of propagation to be evaluated. Fruit was first produced during year 13 but no
viable seed have been produced nor have any seedlings been noticed. Though artificial
hybrids are known (6,7), natural hybridization with L. styraciflua in south Georgia is
unlikely as the native species often flowers 2-4 weeks later than ‘Formosan Gold’. A
detailed botanical description of ‘Formosan Gold’ can be found in the following paper
(8).
Results and Discussion Clonal trees from rooted cuttings have been planted at the
University of Georgia Tifton Campus (hardiness zone 8b), the University of Georgia
Durham Horticulture Farm in Watkinsville, GA (zone 8a), Leu Gardens in Orlando, FL
(zone 9b), Jackson Nursery in Belvidere, TN (zone 7b), Cox Arboretum in Canton, GA
(zone 7b), and the Atlanta Botanical Garden location in Gainesville, GA (zone 7b). The
tree growing in Tennessee has survived winter low temperatures of 1.0°F with no
damage (Ray Jackson, personal communication). To date, all trees display the same
foliar phenotype. There have been no reports of major pest problems, freeze damage or
invasiveness at any location. Plant material for propagation is available by contacting
the University of Georgia Research Foundation, Inc. (UGARF – research.uga.edu) or
Georgia Seed Development (www.gsdc.org).
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Figure 1. New growth and chartreuse foliage of Liquidambar formosana ‘Formosan
Gold’ growing in Watkinsville, GA. Photo taken in April 2018.
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Genetic Diversity of Cultivated Hydrangea Using Genotyping-by-Sequencing (GBS)
Xingbo Wu and Lisa W. Alexander
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Significance to Industry Nursery crop sales are impacted by consumer preferences,
availability of plant material, and environmental concerns. Maintaining growth and
profitability of this important industry is dependent on developing novel and value-added
ornamental plant cultivars while protecting natural resources and worker health.
However, few ornamental plant cultivars exist that are tolerant to pests and disease,
and rotations of chemical insecticides and fungicides are almost always employed to
achieve high-quality floral and foliar aesthetics at the point-of-sale. We evaluated 89
hydrangea cultivars currently in the market by developing single nucleotide
polymorphism (SNP) molecular markers using genotyping-by-sequencing (GBS). 3,932
high quality SNPs were developed based on advanced sequencing technology. The
SNP markers developed here will be useful for identifying key genes in hydrangea that
control ornamental traits and for developing molecular markers that can be used for
marker-assisted selection in hydrangea. Hydrangeas with unique traits and resistance
to disease and stress will be released as cultivars and deployed to the ornamental
nursery industry.
Nature of Work Hydrangeas rank as the fourth top selling flowering shrub in the United
States (1), and sales continue to rise with increasing consumer demands. The
popularity of hydrangeas lies in their large, colorful blooms, their long history in public
and private gardens, and the diversity of available flower and plant forms. Traditional
breeding methods, primarily focused on novel floral traits and extended bloom period,
have produced an array of cultivated varieties. However, efforts to combine ornamental
features with value-added traits like disease and stress resistance are often time
consuming, labor intensive, and fail to produce the desired trait combinations. Markerassisted selection (MAS) can be used to identify superior plants at the seedling stage by
revealing which plants carry the genes that will produce the desired trait combinations.
To employ MAS in crop breeding, many high-quality molecular markers located across
all a plant’s chromosomes must be identified and then statistically associated with traits
of interest. To that end, we assembled a collection of 89 hydrangea cultivars
representing two species in order to locate molecular markers that can be associated
with favorable traits and used for MAS (Table 1). The objectives of our study were to 1)
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locate high-quality single nucleotide polymorphisms (SNPs) in the Hydrangea
macrophylla genome, and 2) quantify the SNP genetic diversity among some cultivated
hydrangea varieties. Hydrangea plants were collected from public or commercial
sources and maintained in 7 or 10-gallon containers at the Tennessee State University
Nursery Research Center in McMinnville, TN. Leaf tissues were collected either directly
from plants or from clones in tissue culture and ground using FastPrep-24™ 5G
homogenizer (Qbiogene, Inc., Carlsbad, California, USA). Genomic DNA was isolated
from the lysed tissue using the DNeasy Plant Mini Kit (Qiagen) followed by RNeasy
treatment. Nucleic acid was evaluated in 1% agarose gel and quantified using
NanoDrop 2000 spectrometer (Thermo Scientific, Wilmington, DE). Enzyme activity was
tested using 6U of EcoRI on 300ng of eight randomly selected samples for 2 hours at
37°C and run on a 1% agarose gel. A lyophilized aliquot of 1.5 ug DNA was prepared
for each sample and submitted to Biotechnology Center of University of WisconsinMadison for library preparation and sequencing.
Library and barcoding methods were done according to Elshire et al. (2). In order to find
the best restriction enzyme and adaptor concentration for library preparation, a panel of
eight samples was selected to find the optimized reactions that created a library with
highest concentration of fragments with a length of 200-250 bp, minimal residual
adaptor contamination, and no visible indication of repetitive DNA contamination.
Restriction enzyme ApeKI was used for DNA digestion followed by ligation with a
barcode and common adaptor. Single-end sequencing of the 96-plex library was
performed with the single-lane sequencer Illumina HiSeq 2500 (Illumina Inc. San Diego,
CA, United States).
The raw sequence data was processed and analyzed with TASSEL V3.0 (3) with nonreference option and default parameters. Genetic variation among cultivars was
revealed by principal component analysis (PCA) using a prcomp package implemented
in the R software suite. Population structure was estimated using Structure 2.3.0
software with admixture mode (4). The number of subpopulations (K) was set from 2 to
10 with 100,000 burn-in period and 100,000 MCMC with 5 iterations. A phylogenetic
tree was drawn to show the relationship among all analyzed cultivars. The dendrogram
was based on UPGMA option in MEGA 6 (5), with 500 bootstraps for nodal probability
estimates.
Results and Discussion Sequencing of the ApeKI genomic complexity-reduction
libraries generated 24.8 Gb of raw sequence data. A total of 393,041 raw SNPs were
discovered in the hydrangea cultivar panel. SNPs were furthered filtered by removing
any SNP locus with minor allele frequency that was less than 5% and excluding SNPs
exceeding more than 10% missing data across the population. 3,932 high-quality SNPs
remained to perform downstream genetic studies. Most of the SNPs identified in this
study were A/G or C/T transition mutations (62.89%) with the most observed
substitution type being C/T (31.89%; Figure 1). Transversion-type SNPs, including A/C,
A/T, C/G, and G/T conversions, represented the other 37.11% of total SNPs discovered.
The least common substitution type was the T/G transversion (7.25%).
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A neighbor-joining tree based on the 3,932 discovered SNPs classified the 89 cultivated
hydrangeas into two major groups (Figure 2). The two major groups were generally
separated according to their species, but ‘Lady in Red’ (blue dot), registered as H.
macrophylla, was clustered closely with the H. serrata cultivar Preziosa. ‘Lady in Red’
has a pinkish-white lacecap inflorescence with deep red stems and leaf veins that
complement the lush green foliage which becomes reddish-purple in fall. It is often used
as a foundation plant in many gardens and found to be compatible with H. angustipetala
that could be used to increase genetic diversity of H. macrophylla (6).
Principle component analyses confirmed the classification of ‘Lady in Red’ to be
genetically close to H. serrata, but also revealed another the cultivar Preziosa to be
more closely related to H. macrophylla (Figure 3). ‘Preziosa’ is a popular season long
hydrangea cultivar with small rounded mophead flowers that exhibits white, pale green,
pink to an intense burgundy red color. It was found to be a hybrid between species
macrophylla and serrata by Reed et al. (7) with an unknown crossing parent. A
subgroup was also to be separate with other cultivars within the macrophylla group,
indicating a genetic drift in this species (Figure 3). Structure analyses identified three
groups in the cultivar panel, which was corresponded to the PCA analyses (Figure 4).
The three groups (Group I, II and III) consisted of 63, 17 and 9 cultivars, respectively.
Group I and II consisted of cultivars from H. macrophylla while group III represented
cultivars from H. serrata. Interestingly, Group II consisted of many of the remontant or
free-flowering H. macrophylla varieties. Hydrangeas are usually maintained and
propagated clonally via vegetative cuttings or tissue culture to preserve genetic
composition of varieties. Specific trait-driven breeding and selection programs of
hydrangea may narrow the gene pool, causing a secondary H. macrophylla group with
specific genetic makeup that leads to novel traits like remontancy.
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Table 1. List of 89 hydrangea cultivars evaluated by genotyping by sequencing (GBS).
ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Name
All Summer Beauty
Ayesha
Beaute Vendomoise
Big Daddy
Blauer Prinz
Blauling
Blaumeise
Blue Billow
Blue Danube
Blue Wave
Blushing Bride
Bridal Bouquet
David Ramsey
Diadem
Domotoi
Dooley
Double Dare
Eisvogel
Elster
Endless Summer
Everlasting Amethyst
Everlasting Ocean
Everlasting Revolution
Fasan
Floralia
Forever and Ever
Fuji Water Fall
Gen Vic
General Vicomtesse
Glowing Embers
Grossman
Hamburg
Hanabi
Heinrich Seidel
Holstein
Horben
Kern

Subspecies Inflorescence* Group**
macrophylla
M
II
macrophylla
M
I
macrophylla
L
I
macrophylla
M
I
macrophylla
M
I
macrophylla
L
I
macrophylla
L
I
serrata
L
III
macrophylla
M
I
macrophylla
L
I
macrophylla
M
II
macrophylla
M
I
macrophylla
M
I
serrata
L
III
macrophylla
M
I
macrophylla
M
II
macrophylla
L
I
macrophylla
L
III
macrophylla
L
I
macrophylla
M
II
macrophylla
M
I
macrophylla
M
I
macrophylla
M
I
macrophylla
L
I
macrophylla
M
II
macrophylla
M
I
macrophylla
L
I
macrophylla
M
II
macrophylla
M
II
macrophylla
M
I
macrophylla
M
II
macrophylla
M
I
macrophylla
L
I
macrophylla
M
I
macrophylla
M
I
macrophylla
M
I
macrophylla
M
II
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38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

Kiyosumi
Kluis Superba
Koby
Konigstein
LA Dreamin
La France
Lady in Red
Lemon Zest
Lemonhoff
Let’s Dance Moonlight
Libelle
Libelle White
Light of Day
Lilacina
Little Geisha
Maculata
Madam E Mouilliere
Mariesii Perfecta
Masja
Merritt's Supreme
Miss Hepburn
Monmar
Mousseline
Mystical Everlasting
Amethyst
Nachtigall
Niedersachen
Nigra
Nikko Blue
Oregon Pride
PIA
Penny Mac
Pretty Maiden
Preziosa
Princess Juliana
Regula
Rhonda
Sabrina
Sadie Ray
Sharona

serrata
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
serrata
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla

L
M
L
M
M
M
L
M
L
M
L
L
L
L
M
L
M
L
M
M
M
M
M
M

III
II
II
I
I
III
III
I
I
II
I
I
I
I
III
I
I
I
I
I
I
II
I
I

macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
serrata
serrata
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla

L
M
M
M
M
M
M
L
M
M
M
M
L
M
M

I
I
I
II
I
I
II
III
I
I
I
II
I
II
I
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77
78
79
80
81
82
83
84
85
86
87
88
89

Sol
Souvenir Pres
Stella
Sybilla
Taube
Todi
Trophee
VanHoose White
Veitchii
Wayne's White
Weidler's Blue
White Wave
Woodlander

macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
macrophylla
serrata

L
M
M
M
L
M
M
M
L
L
L
L
L

I
I
I
I
I
I
I
I
I
I
I
I
III

* M: mophead inflorescence; L: lacecap inflorescence.
** Group = genetic group identified via structure analysis and principal component
analysis.

Figure 1. Numbers and ratios of polymorphic SNP loci generated by genotyping-bysequencing (GBS) of 89 hydrangea cultivars. (A) Number of each type of nucleotide
substitution in the total of 3,932 SNPs. (B) Observed ratio of transition and transversion
SNP types in hydrangea cultivars.
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Figure 2. Phylogenetic tree showing the genetic relationship among 89 cultivated
hydrangeas. The dendrogram was based on 3,932 discovered SNPs using the UPGMA
option in MEGA 6 with 500 bootstraps for nodal probability estimates.
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Figure 3. Principal component analysis (PCA) plot of 89 hydrangea cultivars based on
3,932 SNPs. Samples cluster by species and groups were marked by green circle.
Hybrids between two subspecies of H. macrophylla are intermediate between two
groups and labeled as blue dot.
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Figure 4. Heat map showing population structure analysis of 89 hydrangea cultivars
generated by STRUCTURE using 3,932 SNPs. Individuals assigned into each group
were described in Table 1.

27

SNA Research Conference Vol. 63 2019

Container Grown Plant
Production
Zenaida Viloria
Section Editor

28

SNA Research Conference Vol. 63 2019

Diagnosing Aesthetic and Growth Disorders in Hydrangea Plants under
Commercial Nursery Production
Raul I. Cabrera1, Eric Petit1 and Brad Moran2
1

Department of Plant Biology, Rutgers Agricultural Research & Extension Center
Rutgers University, 121 Northville Road, Bridgeton, NJ 08302
2

Centerton Nursery, 345 Woodruff Road, Bridgeton, NJ 08302
cabrera@njaes.rutgers.edu

Index Words Controlled-release fertilizers, fertigation, growth and quality, leaf tissue
analyses, fertilization management, shading
Significance to Industry Hydrangeas are a popular and significant component of
nursery crops production in the U.S. Stunted growth and foliage chlorosis and
reddening were reported in hydrangea cultivars in nurseries in New Jersey. The severity
of chlorosis symptoms and growth reductions were associated with reduced nutrient
levels and substrate pH levels approaching 6.0. Reduced leaf iron and manganese
concentrations were related to the increasing severity of the chlorosis symptoms. Overapplications of liming amendments when mixing some substrate batches was a likely
cause for the observed chlorosis, along with irrigation management practices that
affected root growth. Unsightly leaf tissue reddening, accompanied by mild growth
reductions, were also observed in some cultivars growing under full sun, but these
symptoms were not evident when growing under 30% shade fabric.
Nature of Work Hydrangeas accounted for $91.3 million dollars in US nursery sales in
2014, equivalent to 13.5% of the total sales in the deciduous shrubs grouping category
(8). Bigleaf hydrangea [Hydrangea macrophylla (Thunb.) Ser.] is likely the most popular
nursery-grown species. Cultivars of serrated [H. serrata Thunb.) Ser.], panicle (H.
paniculata Sieb.), and other hydrangea species are also found in nursery, greenhouse
and landscape cultivation (1, 2, 3, 4).
The soil/substrate pH, as it pertains to the concentration/availability of aluminum ions, is
often a major consideration for flower color development in hydrangeas (1, 2, 7).
However, there is only generic information regarding the most suitable soil/substrate pH
range for hydrangeas with respect to the availability and uptake of mineral nutrients,
their assimilation in plant tissues and aesthetic quality, e.g. development of nutrientrelated disorders (2, 7). Yellow foliage and chlorosis in nursery-grown bigleaf hydrangea
have been reported to occur in the middle of summer, attributed to overwatering, root
rot and low iron uptake (2, 6). Although bigleaf hydrangeas grow normally in full sun, it
is reported that shading is favorable to their growth, and it is imperative in the U.S.
hardiness zones 7 to 9 (1). Higher (>60%) shading densities can significantly reduce the
incidence of the common cercospora leaf spot (Cercospora hydrangeae Ellis & Everh)
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afflicting this species (5). Some commercial nurseries are now adopting the practice to
grow hydrangeas, at least some cultivars and selections, under shade.
A large commercial nursery in our area reported a serious problem with stunted growth
and foliage chlorosis and reddening in several hydrangea cultivars. Despite attempts to
correct these issues with changes in their fertilization program, these persisted. The
nursery was visited to collect information and plant/substrate samples for analyses to
help diagnose this production problem. Rooted cuttings of hydrangeas had been
transplanted in early spring of 2016 into #3 containers filled with a bark-peat-rice hullscoarse sand (40-40-15-5 by volume) substrate amended with dolomitic limestone,
gypsum and hydrated calcium lime (6, 2 and 2 lb/yd3, respectively [3.56, 1.19, and 1.19
Kg/m3] ). The substrate also had incorporated the controlled-release fertilizer Harrell’s
17-6-12 Plus [5-6 month] (Harrell’s LLC, Lakeland, FL) at 6 lb/yd3 (3.56 Kg/m3). The
plants were also fertigated with Helena CoRoN 28-0-0 (Helena Chem. Co., Collierville,
TN) and Soilless Special 10-4-6 (Oakland Farms Crop Services, Bridgeton, NJ)
adjusted to deliver 100 ppm of N at every irrigation.
Hydrangea production blocks affected by stunted growth, chlorosis and leaf reddening
(Figure 1) were evaluated on 1 September 2016. Data were collected from randomly
selected normal-looking and symptomatic plants: height, width in two perpendicular
axes, the fraction (%) of leaves afflicted by chlorosis or reddening (Figure 2), and
chlorophyll index (SPAD 502 meter, Minolta, Japan). Recently-matured leaves collected
from these plants were subjected to mineral analyses (J.R. Peters Lab., Allentown, PA).
Collected substrate samples were subjected to routine soilless media analyses at the
Rutgers Soil Testing Laboratory (New Brunswick, NJ).
Results and Discussion Inspection of the hydrangea production areas (Figure 1)
showing stunted growth and chlorotic (Figure 2A) and reddened (Figure 2B) foliage
suggested these were largely related to specific plant blocks and species. Most afflicted
by these symptoms were two bigleaf hydrangea cultivars (H. macrophylla FireflyTM
[‘Horcos’ PP27110] and Everlasting® Garnet [‘Kolmgarip’ PPAF]) and one cultivar of
mountain hydrangea (H. serrata x macrophylla 'Preziosa'). Some blocks of 'Preziosa’
and FireflyTM plants were growing under shade (30% shade fabric) and others under full
sun (uncovered). The uncovered plants were clearly smaller in height and size/volume
(i.e. plant growth index) compared to those growing under shade (Table 1). The higher
radiation, and concomitant heat load, in sun-grown plants of these cultivars likely
reduced their photosynthesis and increased their transpiration, resulting in the observed
smaller plant sizes compared to plants growing under shade. This observation lends
support to the almost imperative recommendation of shading hydrangeas in
sunnier/hotter environments (1), particularly for H. macrophylla cultivars (7).
Plants of 'Preziosa’ and FireflyTM showed an unsightly interveinal reddish tint on the
younger upper foliage when grown under full sun, and some of the FireflyTM plants also
had mild symptoms of interveinal chlorosis which were associated with lower chlorophyll
index readings compared to shaded plants (Table 1). No differences in chlorophyll index
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readings where observed between shade- and sun-grown 'Preziosa’ plants. It is
hypothesized that the reddish coloration in sun-grown plants is likely an overproduction
of anthocyanin pigments in young leaves as a photoprotective response to a higher UVradiation incidence compared to the plants growing under shade (9). Low temperatures
and nutrient deficiencies (3, 4, 9) can also result in an enhanced foliar anthocyanin
production, but the former was ruled out as these hydrangea crops were still growing in
the hot days of summer. The mineral nutrient profile in leaves of sun- and shade-grown
'Preziosa’ plants was similar (Table 2). On the other hand, while the FireflyTM plants had
similar foliar concentrations of most mineral elements under shade and sun, there were
distinctive 8% and 28% reductions in iron (Fe) and manganese (Mn), respectively, in
leaves of sun-grown plants (Table 2). These reduced foliar levels of Fe and Mn in sungrown FireflyTM plants certainly correlate with their lower chlorophyll indexes (Table 1),
and the observed mild chlorosis in some of these plants. Iron foliar concentrations lower
than 50 mg/kg have been previously reported to be associated with mild chlorosis
symptoms in florist hydrangeas (3). Unfortunately substrate samples were not collected
for this cultivar, whose chemical analyses might have yielded clues as to the
concentration and/or availability of these Fe and Mn micronutrients in relation to the sun
and shade production environments.
A range of chlorosis symptoms was prevalent in a shaded production block of Garnet®
hydrangeas (Figure 2A). The increased severity (none, mild, severe) of the chlorosis
symptoms was reflected in significant reductions in foliage chlorophyll levels and growth
parameters (Table 1). The reductions in plant size were inversely related to increases in
the foliar concentration of all macronutrients and most micronutrients (Table 2), a
common observation in stressed plants. However, foliage Fe and Mn concentrations
decreased along with the reductions in chlorophyll levels and plant growth (Table 1).
The substrate of the most chlorotic Garnet® plants showed pH levels approaching or
exceeding 6 (Table 3). The concentration of substrate macronutrient ions showed an
increasing trend with the severity of chlorosis symptoms, but with the exception of
phosphorous (P), their overall values, along with the overall fertility of the substrate
assessed by electrical conductivity (EC), were below the suggested optimum ranges
(Table 3). Among the micronutrients, the substrate concentrations of Fe, Mn and Zn
were diagnosed as below their suggested ranges in the plants showing the most severe
chlorosis symptoms. An accidental over-application of liming amendments in some
substrate batches was the likely causal agent for the higher substrate pH levels (≥ 6),
significantly reduced concentrations of Fe, Mn and Zn in the substrate, and reduced
assimilation of Fe and Mn in the foliage of the most chlorotic Garnet® plants. An
informal, non-destructive assessment of root vigor and condition in “normal” and
symptomatic plants, showed significantly smaller root systems in the chlorotic plants,
along with a larger volume of substrate showing wetter (saturated/waterlogged)
conditions. Excessive irrigation has been previously reported as a causal agent to the
incidence of root rot, reduced micronutrient (mainly Fe) uptake and the development of
significant yellowing and chlorosis in nursery-grown bigleaf hydrangeas (2, 6).
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Table 1. Growth measurement and foliage quality assessments in hydrangea cultivars
growing in a commercial nursery. Data are means of three plants (n=3) for each cultivar
and production area (shaded or full sun).
% Leaves
Chlorophy
Plant
with
Height
Cultivar
Cover x
ll Index
Growth
Notes
symptoms
(cm)
z
(SPAD)
Index
y
Foliage
reddening
Foliage reddening
FireflyTM
and mild chlorosis in
Sun
68
29.5
18
22
some
Shade
0
64.0
22
38
Varying
Garnet ®
Shade
55
35.5
18
29
degrees of
Shade
90
19.0
15
21
chlorosis
x
Some of the production beds had 30% shade (black) fabric overlaid on top of the
Quonset structures. The rest were uncovered (i.e. full sun).
y
The predominantly observed aesthetic symptoms are listed in the last column (Notes).
z
Calculated as (height + width 1 + width 2) / 3, with measurements taken in cm.
'Preziosa’

Shade
Sun
Shade

2
63
6

63.7
63.5
47.1

39
30
25

53
40
34

Table 2. Nutrient concentrations in leaf tissues of commercially-grown hydrangea
cultivars showing varying degrees of chlorosis and reddening. Data are means of three
plants (n=3) for each cultivar and production area (shaded or full sun).
Shade
N
P
K
Ca
Mg
Fe
Mn
B
Zn
Cu
(% leaves
(% dry wt.)
(mg/kg dry wt.)
w/symptoms) x
'Preziosa’
Shade (2)
2.9
0.2
1.5
0.8
0.3
67
67
27
17
3
Sun (63)
2.5
0.2
1.6
0.9
0.4
67
57
31
20
3
FireflyTM
Shade (6)
2.8
0.2
1.9
0.9
0.4
48
39
34
20
5
Sun (68)
3.0
0.3
2.0
1.1
0.4
44
28
32
20
4
®
Garnet
Shade (0)
2.6
0.2
1.2
1.1
0.3
74
62
34
30
2
Shade (55)
2.7
0.3
1.4
1.2
0.4
59
51
41
32
3
Shade (90)
3.4
0.4
2.0
1.6
0.6
48
27
56
33
3
x
Some of production beds had 30% shade cover; the rest were in full sun. The numbers
in parentheses denote the % of leaves observed with reddening and/or chlorosis
symptoms (see text and Table 1 for more details).
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Table 3. Chemical properties of substrate collected from the center core of commercially-grown Garnet® hydrangea plants showing
varying degrees of chlorosis. Data are means of three plants (n=3).
% Leaves with
EC
pH
Ny
P
K
Ca
Mg
Fe
Mn
Zn
Cu
chlorosis x
(dS/m)
0
4.8
0.35
23
7
27
17
11
0.33
0.10
0.07
0.04
55
4.9
0.43
33
7
31
23
14
0.34
0.17
0.08
0.06
90
6.1
0.69
47
11
46
41
27
0.11
0
0.07
0.02
Optimum Range z 5.2 -5.8 2.0 – 3.5 100 - 200
6-9
150 -250 > 200
> 70 0.3 - 3 0.02 - 3 0.3 - 3 0.005 - 0.5
x
The severity of the chlorosis symptoms can be appreciated in Figs. 1 and 2. All plants from the cultivar Garnet ® were
growing under 30% shade cover.
y
All ion concentrations in mg/L. Nitrogen as nitrate-N.
z
Optimum values for peat-based substrates (Guidelines from Rutgers Soil Testing Laboratory).
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Figure 1. Overview of a hydrangea crop at a commercial nursery production with plants
showing varying degrees of chlorosis.
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Figure 2. Hydrangea plants displaying increasing levels of leaf tissue chlorosis
(A; cultivar Garnet® growing in 30% shade) and reddening (B; cultivar ‘Preziosa’
growing in full sun [left] and 30% shade [right]).

36

SNA Research Conference Vol. 63 2019

Effects of Lime and Fertilizer Rate on Growth of Citrus Rootstock,
Poncirus trifoliata var. monstrosa ‘Flying Dragon’
Jeremy M. Pickens and John W. Olive
Auburn University, Ornamental Horticulture Research Center
Mobile, AL 36608
Pickejm@auburn.edu
Index Words Controlled release fertilizer, nursery production, substrate amendments
Significance to the Industry Combinations of three top dress rates of Osmocote 18-58 (12-14 months) and three rates of dolomitic limestone were evaluated over 55 weeks
of production. Results indicate no difference in stem diameter for rates over the
medium labeled rate (21 g). A decrease in stem diameter was observed as lime rate
increased. Six lb·yd-3 (3.5 kg·m-3) of pulverized dolomitic lime produced the largest stem
diameters. More work is needed to determine if budded plants would perform similarly.
Nature of Work The primary citrus for both commercial and yard trees for the northern
Gulf Coast is the satsuma (Citrus unshiu Marcovitch). Satsumas are typically budded
onto trifoliate rootstock Poncirus trifoliata, with ‘Rubidoux’ as the most popular rootstock;
however high density plantings favor the dwarf rootstock ‘Flying Dragon’ (1). Trifoliate
rootstocks offer increased cold hardiness, and Phytophthora and nematode resistance.
Many citrus nurseries utilize fertigation; however, the small citrus nurseries in Alabama
solely utilize controlled release fertilizer (CRF). Through extension contacts and farm
visits, a need was recognized for recommendations for fertilizer and lime rates for
‘Flying Dragon’ rootstock. Work on budded citrus trees has suggested little to no effect
on growth from varying rates of CRF (4,5). A review of the literature yielded little
information on the effect of fertilizer rate on container grown ‘Flying Dragon’ rootstock.
A need for lime recommendations was established through observations of Mn toxicity
in some citrus nursery crops and large containers with low container pH (<4.0 in some
cases). We believed the low container pH to be a result of acidic well water with low
alkalinity, ammonia based fertilizer and the fact that most of these crops were grown in
the same substrate for more than a year. The objective of this study was to provide
information that would lead to fertilizer and lime recommendations for container grown
‘Flying Dragon’ rootstock.
This study was conducted from 10/19/17 to 10/11/18 at the Ornamental Horticulture
Research Station in Mobile, AL. A 2x3 factorial was utilized to investigate fertilizer,
dolomitic lime rates and potential interactions. Fertilizer rates consisted of 21, 27 and
33 g of Osmocote® 18-5-8 (12 to 14 months) (Everris®) top-dressed at planting, with a
repeated application at 294 days after potting (DAP). The 21 and 27 g represented the
medium and high label rate. The 33 g rate was 6 grams over the high rate and was
included because growers considered citrus to be a heavy feeder. Dolomitic limestone
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(pulverized) factor included 6, 10 and 14 lb·yd-3 (3.5, 5.9, 8.3 kg·m-3) rates. All
treatments utilized 100% aged pine bark. Supplemented with a micronutrient package
(Micromax®, Everris®) at the label rate of 1.5 lb·yd-3 (0.9 kg·m-3). On August 18, 2017
seedlings of Poncirus trifoliata var. monstrosa ‘Flying Dragon’ were potted from 60 ml
cell tubes (Ray Leach Cone-tainer™, Tangent OR) into trade gallon containers (3.4 l).
Seedlings averaged 30 cm in height but were blocked by size to control for variability.
Plants were arranged in a randomized complete block design under overhead irrigation.
Well water pH averaged 5.0 but ranged between 4.5 and 5.5. Container leachates were
generally taken biweekly. Stem diameter was measured at 1 in. (2.54cm) above the soil
line and plant heights were taken at 196, 245 and 372 DAP. Fresh and dry shoot
biomass was taken at 387 DAP. Data were analyzed using ANOVA where date was
included as a factor for leachate analysis, stem diameter and height.
Results and Discussion At termination only the dolomitic lime rate had a significant
effect on both fresh and dry shoot biomass. There was a quadratic trend with effects of
lime rate on biomass, where the 10 lb·yd-3 of lime produced the greatest shoot biomass.
Dolomitic lime rates of 6 or 14 lb·yd-3 decreased fresh shoot biomass by 4 and 12%,
respectively when compared to the 10 lbs·yd-3 (Table 1).
For plant height, quadratic trends were observed for the interaction of fertilizer and lime
for 21 and 27 g (Table 2). Plants receiving 21 g of fertilizer and 10 lb·yd-3 of lime had
the greatest plant height (54.2 cm) followed by 6 and 14 lb·yd -3 of lime (53.7 and 49.2
cm, respectively), representing 9.7% difference in plant height between the tallest and
shortest plants. Plants grown using 27 grams of fertilizer performed best in plant height
when 14 lb·yd-3 of lime was used (54.2 cm), followed by 6 and 10 lbs·yd-3 of lime (53.2
and 49.7 respectively). There was a 8.7% difference between plants grown in 14 and
10 lbs·yd-3 of lime when 27 g of fertilizer was used. No differences were found between
lime rates when 33 g of fertilizer was used (Table 2).
Stem diameter was only affected by lime rate and date (Table 3). There was a
quadratic trend for stem diameter between 196 DAP (4/3/18) and 245 DAP (5/22/18);
however, the trend was linear between 286DAP (7/2/18) and 372 DAP (9/26/18). At
372 DAP stem diameter decreased as the lime rate increased. There was a 4 and 8%
difference in stem diameter between 6 lb·yd-3 (10.6 mm) 10 and 14 lbs·yd-3 (10.2 and
9.8 mm, respectively) at 372 DAP.
Container pH and EC were also subject to ANOVA with 3 (fertilizer rates) x 3 (lime
rates) x 23 (leachate analysis). No interactions were found between fertilizer x lime,
fertilizer x lime x date, but interactions were observed for fertilizer x date and lime x date
(Figures 1 and 2). When sliced by date, fertilizer X date was significant for 30% of the
sample dates were lime x date was significant 70% of the sample dates. Lime rates
had the same effect on pH until 15 weeks after potting. It has been demonstrated that
the effect of dolomitic lime on pH plateaus above 8 lbs·yd-3 (4.8 kg·m-3) due to the
solubility (1. 2). This may suggest no benefit for dolomitic lime rates above 8 lb·yd -3;
however, higher rates may provide a longer residual buffering capacity as suggest by
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Shreckhise et al. (9). This may be important in situations where low well water pH is an
issue and/or plants are grown in the same container for over one year. In Figure 2, the
pooled EC level drops and subsequently pH rises for all lime treatments. The rise in pH
could be attributed to reduced ammonia and subsequently less nitrification (an acid
producing process). When acidic conditions are reduced, pH may climb to levels that
are out of range for some crops if high rates of dolomitic lime are used.
As previously mentioned, similar results have been found with container grown citrus
and controlled release products (4, 5). Lack of response in growth has also been
reported for fertigated containerized citrus under continuously fertigated N rates ranging
from 25 to 200 ppm for a 12-month period (6) and 12.5 to 200 ppm for 26 weeks (7).
Maust and Williamson (7) established a critical concentration of nitrogen in the medium
solution to be 16 ppm, above which no increase in yield was realized for ‘Hamlin’
orange budded on Cleopatra mandarin and Carrizo citrange. The lack of response to
increasing rates of controlled release products may be related to what has been
described as episodic growth rhythms between shoot and roots of citrus (8). Nitrogen
uptake has been correlated to various growth stages of some citrus species (3, 8).
Coordinating fertilizer rate with shoot flushes may increase nutrient use efficiency when
fertigated products are used.
Medium or moderate fertilizer rates may be best for ‘Flying Dragon’. Increasing fertilizer
rates beyond the medium rate significantly affected plant height but only for 21 and 27 g
of fertilizer when interacted with varying rates of lime. While significant, this only
translates into a difference of 9.7% and 8.7% between the smallest and largest plants.
Fertilizer also had no significant effect on shoot biomass. Effects on stem diameter
would be of the greatest interest to growers producing this crop; however, in this study
stem diameter was unaffected by fertilizer rate. Increasing above the medium rate of
the fertilizer used in this study would translate into an additional $4800 per acre
(assuming containers were jammed and a space utilization efficiency of 80%). Future
studies should evaluate lower fertilizer rates. Results from this study also suggest using
6 lb·yd-3 (3.5 kg·m-3) of pulverized dolomitic limestone may provide the best pH range
for this crop. Future studies will focus on a wider range of fertilizer rates on budded
trifoliate citrus to further improve fertilizer and lime recommendations for Satsuma
nursery stock.
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Table 1. Effects of fertilizer and lime rate on
fresh and dry shoot biomass.
Fresh weight
Dry weight
ANOVA
Pr > F
ANOVA Pr > F
Block
<.0001
Block
<.0001
Fert
0.1409
Fert
0.1612
Lime
0.0428
Lime
0.0159
FxL
0.5501
FxL
0.337
Shoot Biomass
Lime rate
(lbs/yd)
6

Fresh (g)
60.9

Dry (g)
30.6

10

63.5

31.4

55.6

27

14
Y

Sign
Q*
Q*
The lime main affect was significant at P < 0.05.
Y
Significance (Sign.) quadratic (Q) trend using
simple model regressions at P < 0.05 (*).
Z
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Table 2. Effects of fertilizer and lime on plant height of 'Flying
Dragon' root stock.
ANOVA
Pr > F
DAP
Date
Block
<.0001
0
9/19/2017
29.9
Fert
0.9951
196
4/3/2018
37.8
Lime
0.6207
245
5/22/2018
40.6
FxL
0.0015
294
7/2/2018
61.1
Days

<.0001

FxD

0.5956

Lx D

0.7333

Fx Lx D

0.5119

387

9/26/2018

92.2

Z

Q***

Sign.

Lime (lb/yd) Y

Z

Fert (g)

6

10

14

Sign.y

21
27
33
Sign.

53.7W
53.2
49.3
NS

54.2
49.7
55.2
NS

49.2
54.2
52.3
NS

Q*
Q*
NS

Significant (Sign.) quadratic (Q) trend using simple regression

Y

The fertilizer by lime interaction and the date main effect were
significant at P < 0.05.
X

Not significant (NS) or significant (Sign.) quadratic (Q) trends
using qualitative/quantitative regression models at P < 0.05 (*).
W

Plant height measured in cm.
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Table 3. Effects of fertilizer and lime on stem
diameter.z
ANOVA
Block
Fert
Lime
FxL
Days
FxD
LxD

Pr > F
<.0001
0.1200
<.0001
0.1808
<.0001
0.0681
0.0002

FxLxD

0.4994
Lime (lbs/yd)
6

10

14

Sign.Y

9/19/2017
4/3/2018

4.54X
4.99

4.61
4.68

4.53
4.81

NS
Q*

5/22/2018

6.85

6.11

6.03

Q*

7/2/2018

8.35

7.97

7.50

L***

Date

9/26/2018 10.60
10.18
9.77
L**
Sign. Q***
Q***
Q***
Z
The lime by date interaction was significant at P < 0.05.
Y
Not significant (NS) or significant (Sign.) linear (L)
quadratic (Q) trends using qualitative/quantitative
regression models at P < 0.05 (*), 0.01 (**) or 0.001
X
Stem diameter measured in mm.
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Figure 1. Effect of Fertilizer Rate*Date on container pH

Figure 2. Effect of Lime Rate*Date on container pH
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Index Words Thuja, container production, pine bark
Significance to the Industry Container grown nursery crops encounter extended
periods of supraoptimal root zone temperatures (RZT) throughout the summer which
have detrimental effects on plants. Implementing practices to moderate RZT will reduce
plant stress leading to increased growth and healthier plants. Compost can be added to
pine bark substrates for increased nutrient and water retention, but may provide other
benefits such as buffering RZT. This study evaluated arborvitae growth and substrate
temperature in two types of containers and compost amended substrates. White
containers resulted in 14 to 33% larger plants when compared to plants grown in black
containers. Root zone temperature remained above 38°C (100°F) for much longer in
black containers (17.5%) compared to white containers (3.5%). Compost did not affect
RZT, but a 10% compost amendment resulted in larger plants overall.
Nature of Work Composts have become readily accessible due to increased
production and availability of various feedstocks such as municipal green wastes,
vermicompost, and spent mushroom compost. Although the processing method and
source material may differ, various types of compost can be utilized as a substrate
amendment for container grown crops. The benefits of compost include increased water
retention, enhanced nutrient availability, and potential disease suppressive properties
due to increased microbial activity (1, 9). Compost can be a less expensive alternative
to peatmoss while providing similar benefits as an amendment for pine park substrates
(3, 6).
Root zone temperature in container grown crops can frequently exceed 54°C (129°F)
during the summer months, but root growth of many nursery crops will cease at
temperatures above 38°C (100°F) and roots can be permanently damaged at short-term
exposure to temperatures above 46°C (115°F) (2, 4). Substrates store heat that has
been converted from solar radiation captured from the substrate surface and container
exterior, resulting in extended periods of supraoptimal RZT. A number of variables can
affect RZT including substrate properties (components, porosity, and moisture content),
container properties (color and type of material), and irrigation management (5).
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Methods for reducing RZT include reduced spacing between containers, use of white
and/or porous containers, and using substrates with greater thermal diffusion and
moisture retention (2, 7). The objective of this study was to evaluate the effects of
compost substrates and container color for buffering RZT and growth of ‘Green Giant’
arborvitae (Thuja standishii x plicata ‘Green Giant’).
The experiment was conducted at the Otis L. Floyd Nursery Research Center in
McMinnville, TN. Two container types were evaluated in combination with three
substrates (six total treatments; 12 replicates per treatment). Containers included black
and white 3 gal (11.3 L) solid wall containers (Nursery Supplies Inc., Kissimmee, FL).
Substrates included pine bark alone (PB) or combined (v:v) with compost (C;
vermicompost, Silver Bait LLC, Coalmont, TN), PB:C (9:1) and PB:C (7:3). On May 8,
2018, liners (3 in. containers) of ‘Green Giant’ arborvitae were transplanted and
containers were placed on a gravel pad arranged in a randomized complete block
design.
Separate irrigation zones were used for each treatment to monitor and adjust irrigation
application rates. Irrigation application volume for each treatment was adjusted
throughout the study based on replacement of daily water use. Water was delivered to
each plant with a dribble ring (15 cm diameter; Dramm Corp., Manitowoc, WI) fitted with
a pressure compensated emitter (8 lph; Netafim USA, Fresno, CA). Decagon 5TM
sensors and EM50 data loggers (Decagon Devices Inc., Pullman, WA) were used to
measure and collect substrate temperature and volumetric water content. Sensors were
positioned vertically approximately 1.7 in. (4.5 cm) from the container sidewall and
placed below the substrate surface extending 4.3 in. (11 cm). The study was terminated
5 months after transplant (MAT; October 10, 2018) and plants were destructively
harvested. Plant height and diameter were measured (1, 2, 3, 4, and 5 MAT) and
growth index (GI) was calculated [(height + max width + perpendicular width)/3]. Height
difference and GI difference were calculated by subtracting the initial and final
measurements. Shoot dry weight (n=12) and root dry weight (n=12) were measured
after being oven dried at 60°C for 5 days. Substrate pH and electrical conductivity (EC)
were analyzed from leachate samples (n=4) collected (1, 2, 3, 4, and 5 MAT) using the
Virginia Tech Pour-through Method. The percent of time roots were exposed to
temperatures above critical thresholds (38 and 46°C; 100.4 and 114.8°F) reported by
Ingram et al. (2) was calculated using the total number of data recordings for each day
between 12 pm and 12 am.
All data were analyzed with linear models using the GLIMMIX procedure of SAS
(Version 9.3; SAS Institute, Inc., Cary, NC). Differences between treatment means
(simple and main effects) were determined using the Tukey method (P < 0.05).
Results and Discussion Plant height was similar for plants grown in black containers
at 5 MAT, regardless of substrate (Table 1). In white containers, plant height was lowest
in PB:C (7:3) but similar for in PB and PB:C (9:1). Within each substrate, plant height
was 14% to 33% greater in white containers compared with black containers. At the end
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of the study, the difference in height was over 1.7 times greater for plants in white
containers compared with black containers. Plants in white containers also had greater
final GI and over 1.5 times greater difference in GI compared with black containers. At
the end of the study, plants in PB:C (9:1) had the greatest GI, difference in GI, and
shoot dry weight (SDW). Root dry weight (RDW) and SDW were overall lower in black
containers while RDW was similar for PB and PB:C (9:1) in white containers.
Throughout the study, substrate pH ranged from 6.3 to 7.6 and tended to decrease with
increasing amount of compost (Table 2). Substrate EC was significantly lowest in PB
except at the end of the study and EC tended to increase with the addition of compost.
Root zone temperature remained above 38°C for 17.5% of the time in black containers,
14% longer than in white containers Table 3). In black containers, RZT was above 46°C
for 0.7% of the time while RZT did not reach 46°C in white containers. Substrate did not
affect RZT at either threshold.
Lower substrate temperature and increased plant growth in white containers has been
demonstrated in previous studies (2, 4, 8). The enhanced plant performance in white
containers in the current study is likely due to reduced heat stress in the root zone. The
addition of compost at 10% had an overall positive effect on plant growth compared to
pine back alone. Conversely, substrates with 30% compost resulted in less plant growth
overall compared with pine bark alone and compost at 10%. Moore (6) reported plant
response to compost substrates can vary greatly depending on several factors including
amount of compost, type of compost, and plant species. The 30% compost substrate in
our study may have remained too moist and resulted in reduced growth due to low
aeration. Although substrate did not affect RZT, substrate porosity has been reported to
affect RZT with lower porosity leading to reduced temperatures (5). Substrate physical
properties and volumetric water content data for this study will be analyzed and used to
further interpret results.
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Table 1. Effects of container colorz and substratey on plant growthx of Thuja standishii x plicata ‘Green Giant’ after
five months.
Root Dry
Shoot Dry
Final Height (cm) Δ Height (cm)
Final GI
Δ GI
Weight (g) Weight (g)
Significance of Treatment Factorsw
Container
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
Substrate
0.0003
0.8208
0.0098
0.0629
0.0337
<.0001
Container*Substrate
0.0073
0.1675
0.1603
0.6297
0.0381
0.2373
Least Squares Means for Main Effectsv
Container Substrate
Black
20.8 b
47.6 b
20.2 b
85.3 b
White
36.7 a
58.3 a
31.3 a
133.3 a
PB
29.0 A
52.5 B
24.5 B
100.8 B
PB:C (9:1)
29.1 A
55.0 A
26.9 A
124.3 A
PB:C (7:3)
28.1 A
51.5 B
25.9 AB
102.7 B
u
Treatment Least Squares Means Grouped by Container Color
Container Substrate
PB
63.3 a
19.9
45.9
18.4
8.6 a
72.3
Black
PB:C (9:1)
64.2 a
20.4
49.9
21.8
10.0 a
100.1
PB:C (7:3)
61.7 a
22.1
47.1
20.5
9.4 a
83.6
PB
84.4 A
38.2
59.0
30.6
16.9 A
129.4
White
PB:C (9:1)
80.8 A
37.7
60.1
32.1
17.5 A
148.6
PB:C (7:3)
70.6 B
34.1
55.9
31.2
13.6 B
121.9
z

3 gal (11.3 L) solid wall containers (Nursery Supplies Inc., Kissimmee, FL)
Pine bark alone (PB) or combined (v:v) with compost (C), PB:C (9:1) and PB:C (7:3).
x
Δ Height (difference in height) = Final height - initial height; Growth index (GI) = (height + max width + perpendicular width)/3; Δ GI = Final GI - initial GI.
w
P values.
v
When the interaction term in the model is not significant (p > 0.10), main effects means for treatments within each treatment factor (container or
substrate) followed by the same letter are not significantly different using the Tukey method (α = 0.05).
u
When the interaction term in the model is significant (p ≤ 0.10), simple effects means for each substrate within a container color followed by the
same letter are not significantly different using the Tukey method (α = 0.05); Otherwise, treatment means presented without letter groupings for
informational purposes.
y
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Table 2. Effects of containerz color and substratey on leachate pH and electrical conductivity (EC) collected from
standishii x plicata ‘Green Giant’.
pH
EC (µS/cm3)
1 MATx 2 MAT 3 MAT 4 MAT 5 MAT
1 MAT 2 MAT 3 MAT 4 MAT
Significance of Treatment Factorsw
Container
0.0002 0.0018 0.0003 0.0001 <.0001
<.0001 0.0248 0.0014 0.162
Substrate
<.0001 0.0003 0.0011 <.0001 <.0001
<.0001 <.0001 0.0003 0.0132
Container*Substrate
0.4336 0.4761 0.3343 0.1959 0.1572
0.052
0.3645 0.3417 0.7829
Least Squares Means for Main Effectsv
Container Substrate
Black
7.3 b
6.9 b
6.5 b
6.6 b
6.8 b
2495 a 3366 a 1684 a
White
7.5 a
7.1 a
7.0 a
6.9 a
7.3 a
1884 b 2001 b 1274 a
PB
7.6 A
7.3 A
7.1 A
7.1 A
7.3 A
1045 C 1410 B 808 B
PB:C (9:1)
7.3 B
6.9 B
6.7 B
6.6 B
7.0 B
2398 B 2986 A 1876 A
PB:C (7:3)
7.2 B
6.9 B
6.5 B
6.6 B
6.8 C
3127 A 3654 A 1753 A
Treatment Least Squares Means Grouped by Containeru
Container Substrate
PB
7.5
7.2
6.9
7.0
7.1
705 c
1096
1721
875
Black
PB:C (9:1)
7.2
6.8
6.3
6.3
6.7
1700 b
2845
3893
2165
PB:C (7:3)
7.1
6.7
6.3
6.4
6.6
2220 a
3546
4483
2012
PB
7.6
7.4
7.2
7.2
7.5
518 B
993
1099
741
White
PB:C (9:1)
7.5
7.1
7.0
6.9
7.3
1070 A
1951
2079
1587
PB:C (7:3)
7.4
7.0
6.7
6.8
7.0
1411 A
2708
2825
1494

Thuja

5 MAT
0.0004
0.1817
0.8039

965 a
479 b
611 A
694 A
860 A

804
967
1123
417
422
597

z

3 gal (11.3 L) solid wall containers (Nursery Supplies Inc., Kissimmee, FL).
Pine bark alone (PB) or combined (v:v) with compost (C), PB:C (9:1) and PB:C (7:3).
x
Months after transplant (MAT).
w
P values.
v
When the interaction term in the model is not significant (p > 0.10), main effects means for treatments within each treatment factor (container or
substrate) followed by the same letter are not significantly different using the Tukey method (α = 0.05).
u
When the interaction term in the model is significant (p ≤ 0.10), simple effects means for each substrate within a container color followed by the
same letter are not significantly different using the Tukey method (α = 0.05); Otherwise, treatment means presented without letter groupings for
informational purposes.
y
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Table 3. Percent of time substrate temperature remained at or above critical thresholds
(38 and 46°C) in different containersz and substratesy.
38°C (%)
46°C (%)
Significance of Treatment Factorsx
Container
Substrate
Container*Substrate

Container
Black
White

Substrate

PB
PB:C (9:1)
PB:C (7:3)

Container
Black

White

<.0001
0.0026
0.5414
0.8015
0.1199
0.8015
Least Squares Means for Main
Effectsw

Substrate
PB
PB:C (9:1)
PB:C (7:3)
PB
PB:C (9:1)
PB:C (7:3)

17.5 a
0.69 a
3.5 b
0.00 b
9.5 A
0.22 A
9.4 A
0.30 A
11.3 A
0.45 A
Treatment Least Squares Means
Grouped by Containerv
16.8
17.4
18.1
4.6
4.0
1.1

0.54
0.75
0.76
0.00
0.00
0.00

z

3 gal (11.3 L) solid wall containers (Nursery Supplies Inc., Kissimmee, FL).
Pine bark alone (PB) or combined (v:v) with compost (C), PB:C (9:1) and PB:C (7:3).
x
P values.
w
When the interaction term in the model is not significant (p > 0.10), main effects means for treatments
within each treatment factor (container or substrate) followed by the same letter are not significantly
different using the Tukey method (α = 0.05).
v
When the interaction term in the model is significant (p ≤ 0.10), simple effects means for each substrate
within a container color followed by the same letter are not significantly different using the Tukey method
(α = 0.05); Otherwise, treatment means presented without letter groupings for informational purposes.
y
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Significance to Industry Implementation of best management practices across the
nursery and greenhouse industry differ based on varying availability of infrastructure,
finances, natural resources (water, land, etc), and labor. Growers continually evaluate
their available options with respect to both fertilizer and water application rates and
methods, as well as weed, disease and insect control, and make decisions for their
operations based on previously mentioned resources. While climate change may not be
an influencer in the decision-making process at this time, the potential exists for
incentives aimed at reducing greenhouse gas emissions in the production of ornamental
plants. Current programs have already begun to emerge across the agronomic industry
(2, 6, 9, 10). Offset incentive projects currently in place generally indicate four
standards that must be met in order to qualify for payments: 1) Projects, or offset
initiatives, must be additional, or occur from activities that would not have occurred in
the absence of the incentive, 2) Initiatives must be quantifiable, 3) Initiatives must be
permanent, and 4) Initiatives are subject to verification by a third-party inspection (9).
The objective of this work aims to assist nursery and greenhouse producers in finding
actionable practices to decrease greenhouse gas emissions with minimal changes to
their best management practices, and to provide quantifiable evidence of those
reductions.
Nature of Work This experiment was conducted on the campus of Auburn University
at the Paterson Greenhouse Complex. Wholetree (WT) substrate amendment was
obtained from Young’s Plant Farm in Auburn, AL on 15 June 2018. Freshly cut pine (810 in caliper) had been previous obtained from a pine plantation in Macon County, AL,
and processed through a Woodsman Model 334 Biomass Chipper (Woodsman, LLC
Farwell, MI). Chips were further processed through a 0.375 in screen in a hammermill
(Meteor Mill #40, Williams Patent Crusher and Pulverizer Co., Inc St. Louis, MO).
Material was stored in polypropylene bulk bags (2.33 yd3) in full sun. All substrate
treatments were mixed on 18 June 2018. Treatments included an 80:20 fine
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professional sphagnum peatmoss:coarse horticultural perlite (P:P) blend, an 80:20
peatmoss:Wholetree (P:WT) blend, and a 60:40 P:WT blend. All substrates were
amended by incorporation, prior to planting, with 2.0 lbyd-3 of a 8-5-12 starter nutrient
charge (GreenCare Fertilizers, Kankakee, IL), 5.0 lbyd-3 dolomitic limestone, and 1.2
lbyd-3 Aqua-Gro G (The Scotts Co., Marysville, OH). On the same day, 1.41 qt pots
(06.00 AZ TW; Dillen Products, Middlefield, OH), were filled with substrates, and potted
with one of three annual species. Pots were planted with one rooted cutting of
‘Redhead’ coleus (Solenostemon scutellarioides Thonn. ‘Redhead’) or two rooted plugs
(200-cell flats) of either ‘Cooler Grape’ vinca (Catharanthus roseus L. ‘Cooler Grape’) or
‘Super Elfin XP White’ impatiens (Impatiens walleriana Hook. f. ‘Super Elfin XP White’).
All containers were placed on one bench inside a twin-walled polycarbonate-covered
greenhouse. Plants were hand irrigated and fertigated as needed with municipal water
and a 150 ppm N 20-10-20 fertilizer (GreenCare Fertilizers, Kankakee, IL).
Data collected included trace greenhouse gases (GHG) (CO2, N2O, and CH4) emitted
from plant-pot systems, sampled twice weekly (in situ) for 52 days (18 June 2018 to 9
August 2018). Custom-made gas efflux chambers, based on standards established in
GRACEnet protocols, were used to collect trace gases using the static closed chamber
method (1, 3, 4, 7). Structural bases constructed from polyvinyl chloride (PVC) cylinders
with an inside diameter of 25.4 cm (10.0 in) and a height of 38.4 cm (15.1 in) were
sealed at the bottom and covered with reflective tape. Tops with matching inside
diameters, a height of 11.4 cm (4.5 in), and a center sampling port, were also covered
with reflective tape, and fitted with a wide [10.4 cm (4.1 in)] rubber band to seal the top
and bottom together during sampling. During gas measurements, the entire plant-pot
system was placed inside the base cylinder, and gas samples were taken at 0, 20, and
40 min intervals following chamber closure. Samples were analyzed using gas
chromatography (Shimadzu GC-2014, Columbia, MD). Concentrations of each GHG
were determined by comparison with standard curves developed using gas standards
obtained from Air Liquide America Specialty Gases LLC (Plumsteadville, PA), and
ambient air samples. Using the rate of change in concentrations over the forty minute
period that the chambers were closed, gas effluxes were calculated (8). Calculations in
this study were used to express data as mg gas emitted cumulatively per pot.
A final determination of plant size as a factor of species and media effect were
estimated at study termination shoot and root dry weight. Shoot dry weights (SDW) (g)
were determined by cutting and subsequently drying the above-substrate portion of the
plant in a 170.0°F forced air oven for 72 hours. Root dry weights (RDW) (g) were
determined by removing the substrate from root interface using water applied at high
pressure, and drying the within-substrate portion of the plant in a 170.0°F forced air
oven for 144 hours.
The experiment was conducted as a 3  3 factorial design (3 species  3 medias) with
four blocks. Plants were arranged in a completely randomized block design on one
greenhouse bench. Data analyses were conducted using the Mixed Models Procedure
(Proc Mixed) of the Statistical Analysis System (5). Error terms appropriate to the
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factorial design were used to test the significance of main effects and their interactions.
A significance level of (P ≤ 0.05) was established a priori.
Results and Discussion Changes in cumulative CO2 efflux was observed as an effect
of both species and media (Table 1). With respect to plant species, coleus was
observed to have the highest cumulative CO2 loss (1641.1 mg/pot), although results
were not significantly different than those observed for vinca (1537.5 mg/pot). Impatiens
had the least amount of cumulative CO2 efflux over the course of the study (1470.5
mg/pot), but was only significantly less than coleus (statistically similar to vinca). These
differences can be linked to differences in plant size. At study termination, shoot, root
and total dry weight was highest for coleus (total dry weight = 17.58 g), while dry
weights for both vinca and impatiens were statistically similar, both were much smaller
than coleus in general (vinca total dry weight = 9.00 g; impatiens total dry weight = 8.07
g). The primary differences in CO2 efflux as an effect of differences in media are found
between the 80:20 peat:perlite treatment (1483.1 mg/pot) and the 60:40 peat:Wholetree
treatment (1615.6 mg/pot) (Table 1). Replacing the 20% portion of perlite in the first
treatment with an equal portion of Wholetree had little to no effect on CO 2 efflux (80:20
peat:Wholetree = 1550.5 mg/pot). For container producers aiming to replace perlite with
a locally available, high wood fiber substrate, these results are promising. CO 2 efflux as
effected by the interaction of species and media were observed for impatiens only
(Table 1). While significantly smaller, impatiens grown in a 60:40 peat:Wholetree blend
[6.99 g total dry weight (Table 2); 1612.4 mg/pot CO2 (Table 1)] had greater CO2 efflux
over the duration of the study than those grown in a 80:20 peat:perlite blend [9.11 g
total dry weight (Table 2); 1327.4 mg/pot CO2 (Table 1)]. These results indicate that
further research may be required to confirm higher CO2 efflux associated with higher
percentages of wood fiber alternative or amendments to container substrates.
Cumulative efflux for N2O emissions was unaffected by changes in species, media, or
the interaction of the two (Table 1). As with previous studies, cumulative Ch 4 efflux was
also minimal and unaffected by differences in plant species or media (Table 1).
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Table 1. Total cumulative CO2, N2O, and CH4 efflux over 52 days from three annual species grown in one of three
substrate blends.
Main Effects

Cumulative Efflux

Species Effect

CO2-C (mg/pot)
1641.1 a

Coleus
Vinca
Impatiens
p:
Media Effect
80:20 Peat:perlite
80:20 Peat:Wholetree
60:40 Peat:Wholetree
p:

wi

Coleus
Coleus
Coleus
Vinca
Vinca
Vinca
Impatiens
Impatiens
Impatiens

ns

1537.5 ab
1470.5 ba

-0.1753
-0.0017ii
-0.3084ii

0.019

0.840

0.188

1483.1 ba
1550.5 ab
1615.6 ab

0.1284ns
0.1320ii
0.1409ii

-0.0365ns
0.2364i
-0.0686i

0.082

0.788

0.446

CO2-C (mg/pot)
ns

1585.4
1634.7ii
1703.1ii
ns
1536.4
1545.0ii
1531.1ii
1327.4 bb

80:20 Peat:perlite
80:20 Peat:Wholetree
60:40 Peat:Wholetree
80:20 Peat:perlite
80:20 Peat:Wholetree
60:40 Peat:Wholetree
80:20 Peat:perlite
80:20 Peat:Wholetree
60:40 Peat:Wholetree
p:

z

CH4 (mg/pot)

Cumulative Efflux

Fertilizer Placement
-

ns

0.1305
0.1401ii
0.1307ii

Interaction Effects

Species

N2O-N (mg/pot)

1471.8 ab
1612.4 aa
0.368

N2O-N (mg/pot)
ns

0.1151
0.1396ii
0.1367ii
ns
0.1429
0.1223ii
0.1552ii
0.1271ns
0.1342ii
0.1309ii
0.854

CH4 (mg/pot)
-0.3404ns
-0.0176ii
-0.1680ii
ns
-0.0296
0.2196i
-0.1951ii
0.2607ns
0.5072ii
0.1572ii
0.986

Cumulative efflux for 52 days (18 June 2018 to 9 August 2018) was calculated using the trapezoid rule (n=4).

y

'Redhead' coleus (Solenostemon scutellarioides 'Redhead'), 'Cooler Grape' vinca (Catharanthus roseus 'Cooler
Grape') and 'Super Elfin White' impatiens (Impatiens walleriana 'Super Elfin XP White') were potted into 1.41 qt
containers filled with one of three substrates (80:20 peat:perlite, 80:20 peat:Wholetree, or 60:40 peat:Wholetree),
and amended with 2.0 lb/yd 3 8-5-12 starter nutrient charge, 1.2 lb/yd 3 Aqua-Gro G wetting agent, and 5.0 lb/yd 3
dolomotic limestone.
w
Within a column, means followed by the same letter are not significantly different (p≤0.05) according to the
LSMeans statement under the Proc Mixed Procedure of SAS. For interaction effects, letters designate
differences within species only.
ns
Not significantly different.
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Table 2. Dry weightsz,y following 52 days of growth for three annual species x grown in one of three
substrate blends.
Main Effects
Species Effect
Coleus
Vinca
Impatiens
p:
Media Effect
80:20 Peat:perlite
80:20 Peat:Wholetree
60:40 Peat:Wholetree
p:

Shoot Dry
Weight (g)
14.83 a v i
8.02 b
7.08 b
<0.001

Root Dry
Weight (g)
2.75 a
0.98 b
1.00 b
<0.001

Total Dry
Weight (g) w
17.58 a iii
9.00 b
8.07 b
<0.001

11.53 aii
10.04 b ii

1.74 ns
1.53ii

13.27 a ii
11.56 bii

8.36 c
<0.001

1.46ii
0.070

9.82 c
<0.001

Shoot Dry
Weight (g)
16.80 a

Root Dry
Weight (g)
3.16 a

Total Dry
Weight (g)
19.96 a

Interaction Effects
Species
Coleus

-

Fertilizer Placement
80:20 Peat:perlite

Coleus
Coleus
Vinca
Vinca
Vinca
Impatiens

-

80:20 Peat:Wholetree
60:40 Peat:Wholetree
80:20 Peat:perlite
80:20 Peat:Wholetree
60:40 Peat:Wholetree
80:20 Peat:perlite

14.41 b
13.26 b
9.68 a
8.55 a
5.82 b
8.09 ab

2.60 b
2.50 b
1.06 ns
1.02ii
0.88ii
1.02 ns

17.01 b
15.77 b
10.74 a ii
9.56 a
6.70 b
9.11 ab

Impatiens
Impatiens

- 80:20 Peat:Wholetree
- 60:40 Peat:Wholetree

7.15 ab
5.99 ba
0.431

0.97ii
1.00ii
0.214

8.12 ab
6.99 ba
0.269

p:
z

Shoot dry weights (g) determined by drying the above-substrate portion of the plant in a 170.0°F forced
air oven for 72 hours.
y
Root dry weights (g) were determined by removing the substrate from root interface, and drying the
within-substrate portion of the plant in a 170.0°F forced air oven for 144 hours.
x
'Redhead' coleus (Solenostemon scutellarioides 'Redhead'), 'Cooler Grape' vinca (Catharanthus
roseus Cooler Grape'), and 'Super Elfin White' impatiens (Impatiens walleriana 'Super Elfin XP White')
were potted into 1.41 qt containers filled with one of three substrates (80:20 peat:perlite, 80:20
peat:Wholetree, or 60:40 peat:Wholetree), and amended with 2.0 lb/yd3 8-5-12 starter nutrient
charge, 1.2 lb/yd 3 Aqua-Gro G wetting agent, and 5.0 lb/yd 3 dolomitic limestone.
w
Total dry weight = Shoot dry weight + root dry weight.
v
Within a column, means followed by the same letter are not significantly different (p≤0.05) according to
the LSMeans statement under the Proc Mixed Procedure of SAS. For interaction effects, letters
designate differences within species only.
ns
Not significantly different.
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Index Words Perennial plant production
Significance to Industry Spiraea and Buddleia were grown at Saunders Brothers
Nursery in Piney River, Virginia with 100% pine bark substrate in trade 3-gallon
containers. Plant growth data from the evaluation indicated that fertilizers surfaceapplied with longevities of 3–4 months and applied at lower application rates compared
to the nursery’s standard woody plant fertilization practice with fertilizer longevity of 8–9
months, resulted in similar or more growth after 13 weeks. Application of fertilizer
without phosphorus and with 3–4 months longevity was detrimental for growth of
Spiraea and Buddleia.
Nature of Work Perennial plants usually have a shorter production time than many
woody plants so fertilizer application rates and longevities should be different for the two
crops. In addition, previous research indicated that indigenous and applied phosphorus
leached readily from pine bark substrates (2). Hence perennial plants with a relatively
short production time may be able to obtain some or sufficient phosphorus from the pine
bark. The purpose of this research was to evaluate Spiraea and Buddleia growth
response to fertilizers with and without phosphorus and 3–4 months for nutrient release
compared to the nursery’s standard fertilizer practice of using an 8–9 months nutrient
release fertilizer that contained phosphorus.
Spiraea japonica ʽNeon Flashʼ (36-plant tray) and Buddleia davidii Lo & Behold® ʽPink
Micro Chip’ liners (2.25 inches container) were planted June 15, 2017 (Week 24) in
100% pine bark substrate in trade 3-gallon containers (≈ 700 cubic inches) at Saunders
Brothers Nursery in Piney River, Virginia. The substrate was amended with 0.8 lb·yard-3
Micromax® (ICL Fertilizers, Dublin, OH 43017) and 8 lbs·yard-3 dolomitic limestone.
Approximately 950 Spiraea plants and 350 Buddleia plants were planted and placed
container-to-container in triangular arrangement on polypropylene ground cloth under
sprinkler irrigation (≈ 0.3 inch·day-1). Within each species group, four blocks each of 48
plants were selected. Each block was composed of a completely randomized
arrangement of four fertilizer treatments with 12 replicate plants per treatment. The four
fertilizer treatments that were surface-applied to Spiraea on June 19 and to Buddleia on
June 21 (Week 25) are given in Table 1. All border plants were surface-fertilized with
Osmocote® Plus at ≈ 80 g per container, which is the application rate for the
Osmocote® Plus used by the nursery.
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Plant size was initially determined for five plants per treatment for each block. Plant
height was measured from the substrate surface to top of plant canopy and plant
canopy width determined at the widest point. A second width measurement was made
perpendicular to the first measurement. Size data for Spiraea were taken on June 27
(Week 26), July 18 (Week 29), August 1 (Week 31), and September 20 (Week 38), and
data for Buddleia were taken on June 26 (Week 26), July 18 (Week 29), and September
21 (Week 38). A growth index was calculated as height plus average width and change
in growth index was calculated by subtracting initial growth index for each plant from
final growth index at Week 38. Growth index change differences were determined using
Fisher’s LSD.
Pour-through (PT) leachate extracts were collected from one container per treatment for
each block. Leachates were collected in the morning after drainage from the previous
irrigation. Approximately 350 ml of distilled water were poured on the surface of
containers for Spiraea and 500 ml of well water were used for Buddleia. Well water
electrical conductivity (EC), pH, and total phosphorus (TP) were 0.1 mmhos/cm, 6.0,
and 0.05 mg/L, respectively. PT leachate extracts were collected on June 21 (Week 25),
June 28 (Week 26), July 20 (Week 29), July 31 (Week 31), and September 18 (Week
38) for Spiraea, and on June 29 (Week 26), August 1 (Week 31), and September 19
(Week 38) for Buddleia. The EC and pH of leachates for Spiraea and EC for Buddleia
were determined in the field. Leachate samples for Spiraea were filtered and sent to the
Analytical Research Laboratory at University of Florida for nitrate nitrogen (NO3-N), total
phosphorus (TP), and potassium (K) analyses using standard procedures
(https//arl.ifas.ufl.edu).
Spiraea plants were spaced during Week 32 and Buddleia plants were spaced during
Week 35. The distances between containers after spacing were 5–6 inches within the
row and 6–7.5 inches between the rows of containers. Spacing was necessary to
achieve optimal growth and quality for market. Marketable plants have heights and
widths of 10 and 12 inches and 8 and 12 inches, respectively, for the cultivars of
Spiraea and Buddleia studied (personal communication, Tom Saunders).
Results and Discussion The change in growth index was highest for Spiraea when F1
and F2 were applied, and no difference was observed between these fertilizers;
whereas, F3 and F4 resulted in less growth (Table 2). For Buddleia, F1, F2, and F4
were similar (Table 3). The change in growth index for F4 was suppressed compared to
F1 and F2 for Buddleia. Lower growth index change for F3 of both species indicates
that insufficient phosphorus was available, likely due to the lack of phosphorus in the
fertilizer. However, for two of the five sample dates for Spiraea, the TP in PT leachate
for F3 was higher than 5–10 mg/L (Figure 1), the optimal PT leachate phosphorus (1).
The extractable TP likely came from the pine bark because the irrigation water TP
concentration was 0.09 mg/L. Yeager and Wright (2) have previously documented water
soluble phosphorus in pine bark. The PT leachate pH ranged from 4.3 to 6.6 for
Spiraea.
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The reduction in growth index change for F4 compared with F1 and F2 for Spiraea and
the suppressed growth index change for Buddleia that received F4 are likely due to
excessive salts in the substrate. PT data for EC (Figures 2 and 3) indicate that ECs
were highest at Weeks 25, 26, and 38 for F4, although not excessive, when compared
to other fertilizers. Nitrate nitrogen (Figure 4) and K (Figure 5) concentrations for F4
were also highest for the same three weeks and likely contributors to the EC.
During the 13-week evaluation, Buddleia that received fertilizer with 3–4 months
longevity achieved marketable size with average height and width of 9 and 12 inches,
respectively, while Spiraea was approximately 91% of marketable size with average
height and width of 9 and 11 inches, respectively. The growth needed to achieve
marketable size probably could have been obtained by planting a few weeks earlier.
Despite the fact that Spiraea was slightly smaller than marketable size, these data
indicate that fertilizers with 3-4 months longevity are a viable option for the nursery
when growing Spiraea japonica ʽNeon Flashʼ and Buddleia davidii Lo & Behold® ʽPink
Micro Chip’.
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Table 1. Fertilizers surface-applied at Week 25 of 2017 to Spiraea japonica ʽNeon Flashʼ
and Buddleia davidii Lo & Behold® ʽPink Micro Chip’ grown in100% pine bark substrate.
Amount/trade
Grade
Longevity
z
Treatment
Brand
3-gal container
(N-P-K)
(mo)
(g)
F1

13-5.7-10.8

Harrell’s

3–4

46

F2

17-2.6-10

Harrell’s

3–4

36

Harrell’s
3–4
Harrell’s
3–4
Osmocote®
F4
15-3.9-10
8–9
Plus
z
F1=13-13-13, F2=17-6-12, F3=43-0-0+0-0-20, F4=15-9-12
Harrell’s is a product of Harrell’s Inc., Lakeland, FL 33802
Osmocote® Plus is a product of ICL Fertilizers, Dublin, OH 43017
F3

43-0-0 +
0-0-16.6

14
30
80
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Table 2. Plant height (H) and average width (W) for Spiraea japonica ʽNeon Flashʼ fertilized
week 25 and grown for 13 weeks with 100% pine bark substrate in trade 3-gallon
containers.
Growthz
Treatment
Week 26
Week 29
Week 31
Week 38
index
change
H
W
H
W
H
W
H
W
(in)
(in)
(in)
(in)
(in)
(in)
(in) (in)
F1

4.5

3.8

6.4

6.4

7.5

8.3

8.9

11.3

12.1 a

F2

4.7

4.3

6.9

6.9

8.1

8.6

8.8

11.6

11.3 a

F3

5.1

4.5

6.6

6.4

7.5

7.6

7.5

10.2

8.2 b

F4

4.7

4.2

5.9

6.3

6.8

7.8

7.8

10.1

8.9 b

z

Growth index was calculated as height plus average width. Means separated within
column by Fisher’s LSD at 5% level. F1=Harrell’s 13-13-13, F2=Harrell’s 17-6-12,
F3=Harrell’s 43-0-0+0-0-20, F4=Osmocote® Plus 15-9-12

Table 3. Plant height (H) and average width (W) for Buddleia davidii Lo & Behold® ʽPink Micro
Chip’ fertilized week 25 and grown for 13 weeks with100% pine bark substrate in trade 3gallon containers.
Treatment

Week 26

Week 29

Growthz index change

Week 38
H (in)

W (in)

5.5

8.8

12.8

14.5 a

5.3

6.2

8.9

12.5

14.0 a

3.6

4.2

4.4

7.6

10.8

11.3 b

3.6

5.3

6.6

8.1

12.6

13.3 a

H (in)

W (in)

H (in)

W (in)

F1

3.7

3.6

4.9

F2

3.8

3.7

F3

3.7

F4

3.8

z

Growth index was calculated as height plus average width. Means separated within
column by Fisher’s LSD at 5% level. F1=Harrell’s 13-13-13, F2=Harrell’s 17-6-12,
F3=Harrell’s 43-0-0+0-0-20, F4=Osmocote® Plus 15-9-12
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Figure 1. Pour-through extracts total phosphorus (TP) concentrations for Spiraea
japonica ʽNeon Flashʼ grown for 13 weeks with 100% pine bark substrate in trade 3gallon containers. F1=Harrell’s 13-13-13, F2=Harrell’s 17-6-12, F3=Harrell’s 43-0-0+00-20, F4=Osmocote® Plus 15-9-12.

Figure 2. Pour-through extracts electrical conductivity (EC) for Spiraea japonica ʽNeon
Flashʼ grown for 13 weeks with 100% pine bark substrate in trade 3-gallon containers.
F1=Harrell’s 13-13-13, F2=Harrell’s 17-6-12, F3=Harrell’s 43-0-0+0-0-20,
F4=Osmocote® Plus 15-9-12.
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Figure 3. Pour-through extracts electrical conductivity (EC) for Buddleia davidii Lo &
Behold® ʽPink Micro Chip’ grown for 13 weeks with 100% pine bark substrate in trade 3gallon containers. F1=Harrell’s 13-13-13, F2=Harrell’s 17-6-12, F3=Harrell’s 43-0-0+00-20, F4=Osmocote® Plus 15-9-12.

Figure 4. Pour-through extracts nitrate nitrogen (NO3-N) concentrations for Spiraea
japonica ʽNeon Flashʼ grown for 13 weeks with 100% pine bark substrate in trade 3gallon containers. F1=Harrell’s 13-13-13, F2=Harrell’s 17-6-12, F3=Harrell’s 43-0-0+00-20, F4=Osmocote® Plus 15-9-12.
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Figure 5. Pour-through extracts potassium (K) concentrations for Spiraea japonica
ʽNeon Flashʼ grown for 13 weeks with 100% pine bark substrate in trade 3-gallon
containers. F1=Harrell’s 13-13-13, F2=Harrell’s 17-6-12, F3=Harrell’s 43-0-0+0-0-20,
F4=Osmocote® Plus 15-9-12.
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Significance to Industry The nursery industry stands to gain advantage from both
selected and naturally occurring soil microorganisms such as beneficial bacteria and
fungi. Mycorrhizal fungi symbionts enhance plant health, growth and production when
properly interacting with roots. Scientists, propagators, and growers have special
interest in studying mycorrhizas because they can be commercially used in sustainable
agricultural systems including greenhouse, nursery and field production conditions. In
this research, we studied the impact of P fertilization and mycorrhiza functioning on
several aspects of plant performance after a micropropagation step. We demonstrated
that inoculated Anthurium pedato-radiatum Schott. ssp. pedato-radiatum plantlets were
colonized with a fungi consortium. In general, overall plant growth and physiology
performance and nutrient status was significantly increased by mycorrhizas and the
level of P received by the plant during fertilization when compared to the control. These
results suggest that there is great potential in using selected mycorrhizal isolates for
improving growth of shade tolerant and slow-growing plant species after
micropropagation and during field establishment. This information has application to
other ornamental plant species cultivated under commercial nursery production
systems.
Nature of Work In the American ornamental horticulture industry, the Areceae is the
most important economic family, with several genus under commercial expanded
cultivation such as Aglaonema, Alocasia, Anthurium, Caladium, Calla, Colocasia,
Dieffenbachia, Epipremnum, Philodendron, Spathyphyllum, Syngonium, Monstera,
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among others (1, 2, 3). The genus Anthurium includes the most outstanding plants in
the industry with A. andreanum the most cultivated species and consequently with the
greatest economic importance worldwide (2, 3). Other species such as A.
scherzerianum, A. andicola, A. podophyllum, A. nizandese and A. pedato-radiatum
Schott ssp. pedato-radiatum are good candidates as foliage plants for indoors and
outdoors. The last one is an endemic Mexican wild species, which is a perennial and
herbaceous plant with beautiful and striking leaf morphology (4) that represents a great
potential to be commercially exploited as potted plant.
Ubiquitous mycorrhizal fungi establish mutualistic and beneficial associations with many
plant species including angiosperms and gymnosperms (5). According to several
reports, Anthurium andraeanum roots form mycorrhizas with Acaulospora (A. longula),
several species of Glomus (G. intraradices, G. etunicatum), and Gigaspora (G. albida)
(6, 7, 8, 9). As a result, the mycorrhizal colonization promotes better growth and
enhances nutrient uptake and is potentially significant in the ecology of wild and
selected ornamental anthuriums. Although some studies have been published to
evaluate the effects of mycorrhizas in A. andraeanum (6, 7, 8, 9), there is only limited
information on the majority of more than 700 species that comprises this genus.
We ran a factorial experiment to study the effects of the colonization with vesicular
arbuscular mycorrhizal fungi (VAM: +VAM, -VAM) and four P fertilization regimes (0, 22,
44 and 66 ppm) on physiological performance, growth, and nutrient concentration and
uptake of Anthurium pedato-radiatum Schott. ssp. pedato-radiatum young
micropropagated plantlets. The experimental VAM inoculum was a Mexican consortium
named Selva composed by 3 Glomus species: G. constrictum, G. fasciculatum, G.
tortuosum, and Acaulospora scrobiculata. During transplantation, the fungi inoculum,
which corresponded to approximately 1,000 fungal spores, was applied by banding just
below the root system. Fertilization was provided with the Long Ashton nutrient solution
modified according the experimental treatments. After sixteen months of culture under
greenhouse conditions in which about 100 µmol/m 2/s-1 of light intensity were imposed,
several growth measurements including leaf number, plant height (cm), dry mass (DM)
(g), root number, and root length (cm), were determined in all treatments. Root:shoot
and shoot:root ratio were calculated with the root and shoot DM data. Gas exchange
(, gs, E, WUE) and plant photosynthetic performance (Fv/Fm ratio and PI) were also
evaluated. Additionally, we tested the aerial part of the plants for nutrient status of all
macronutrients plus Fe, Mn, Cu, Na, Zn. Root colonization by VAM was also
determined.
Results and Discussion Our data showed that after sixteen months of greenhouse
culture the roots of control plants remained free of VAM colonization while inoculated
plants showed typical structures of fungi development. Under microscope evaluation,
we observed internal hyphae, spores, vesicles, and arbuscules in cortical cells. Data on
root colonization varied fron 25 to 65% according the experimental treatments tested.
Anthurium pedato-radiatum Schott. ssp. pedato-radiatum plants seem to be highly
dependent of mycorrhizas because the colonization by the fungi under limited

65

SNA Research Conference Vol. 63 2019

supplementation of P significantly increased overall plant growth, physiological
performance and nutrient status when compared to the control treatment (Tables 1, 2,
3). Significant effects of P level were recorded as the rate of fertilization was increased
from 22, 44 and 66 ppm in –VAM plants. Similar effects were observed in inoculated
plants in medium P-levels (22 and 44 ppm P). In contrast to this, 66 ppm P seemed to
be excessive and negative for the fungi-plant interaction functioning (Tables 1, 2, 3).
Most variables evaluated to characterize growth resulted significant to the presence of
VAM including plant height, leaf number, leaf, root and plant dry weight, however, those
ones that did not (leaf area, root number and length and the ratios of root to shoot and
shoot to root) showed a similar tendency since considerable differences were observed
when compared the +VAM plants and the control under P stress. In addition to this,
supplementary P had more impact in all variables tested.
Similar to what we observed in plant growth, the interaction with VAM and the different
P levels positively affected the physiological performance of the plants (Table 3). The P
stressed plants were photosynthetically more active and had better functioning than the
control but again the supplementary P also had greater impact in all results (Table 3).
Foliar tissue elemental content varied considerably according the experimental
treatments. Mycorrhizal associations had increased concentrations of P, Ca, and S but
had lower contents of Fe, Zn and Mn than -VAM plants under P conditions. However,
the nutrient status of the plants was significantly improved with increases of P supply.
Acknowledgements: Authors want to thank CINVESTAV-IPN for the support provided
through the use of greenhouse facilities.
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Table 1. Effect of VAM and P fertilization regime on plant growth (phenotype) of A.
pedato-radiatum Schott ssp. pedato-radiatum after 16 months of inoculation.

Fungi

P
Level
(ppm)
0
22
44
66
0
22
44
66

Plant
Height
(cm)
11.18
30.77
25.09
29.10
13.77
23.95
26.25
20.46

Leaf
Number

Leaf Area
(cm2)

Root
Number

Root
Length
(cm)
9.16
17.51
16.15
14.30
11.84
17.63
15.83
14.58

4.00
48.283
6.33
-VAM 
-VAM
17.14
657.994
17.50
-VAM
14.38
775.900
16.50
-VAM
11.63
593.397
17.33
13.00
145.422
10.00
+VAM 
+VAM
19.75
460.979
15.17
+VAM
18.00
620.958
14.83
+VAM
15.25
405.160
9.67
Significance:
VAM
*
**
NS
NS
NS
P level
***
**
***
***
**

VAM X P
**
NS
NS
NS
NS
Level
-VAM: (Control Non Inoculated), +VAM: Vesicular Arbuscular Mycorrhizal Fungi,

NS= Non significant, *= Significant (0.05), **= Significant (0.01), ***= Significant
(0.001). n=8.
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Table 2. Effect of VAM and P fertilization regime on plant growth (dry mass accumulation) of A.
pedato-radiatum Schott ssp. pedato-radiatum after 16 months of inoculation.

Fungi

P
Level
(ppm)
0
22
44
66
0
22
44
66

Leaf Dry
Weight
(g)
0.3
6.7
6.4
4.8
1.0
4.2
5.4
2.3

Root Dry
Weight
(g)
0.4
2.7
3.1
2.5
0.6
2.2
2.5
1.3

Plant Dry
Weight
(g)
0.7
9.4
9.5
7.3
1.6
6.4
7.8
3.6

Root to
Shoot
Ratio
1.4
0.4
0.5
0.5
0.7
0.5
0.5
0.7

Shoot to
Root Ratio

-VAM 
1.0
-VAM
2.5
-VAM
2.1
-VAM
2.1
+VAM 
1.6
+VAM
2.0
+VAM
2.2
+VAM
1.7
Significance:
VAM
**
*
**
NS
NS
P level
***
***
***
***
***
VAM X P
*
NS
**
NS
NS
Level
-VAM: (Control Non Inoculated), +VAM: Vesicular Arbuscular Mycorrhizal Fungi, NS= Non
significant, *= Significant (0.05), **= Significant (0.01), ***= Significant (0.001). n=6.
Table 3. Effect of VAM and P fertilization regime on photosynthesis and gas exchange capacity
of A. pedato-radiatum Schott ssp. pedato-radiatum plants after 16 months of inoculation.

Fungi

P
Level
(ppm)
0
22
44
66
0
22
44
66


Fv/Fm

PI

(mol/
m-2/s-1)
0.31
4.47
5.21
4.99
1.09
2.90
5.83
2.88

gs
(mol/
m-2/s-1)
22.67
103.53
121.80
110.20
33.53
55.07
154.53
73.33

E
(mmol/
m-2/s-1)
0.82
2.16
2.40
2.28
0.97
1.43
2.47
1.63

WUE
(mmol/
m-2/s-1)
0.47
2.09
2.19
2.17
0.98
2.10
2.39
1.78

-VAM 
0.80
4.27
-VAM
0.84
7.36
-VAM
0.83
7.46
-VAM
0.83
6.94
+VAM 
0.82
5.48
+VAM
0.83
6.94
+VAM
0.83
6.27
+VAM
0.83
4.97
Significance:
VAM
NS
NS
NS
NS
NS
NS
P level
***
***
***
***
***
***
VAM X P
*
*
**
NS
NS
NS
Level
-VAM: (Control Non Inoculated), +VAM: Vesicular Arbuscular Mycorrhizal Fungi, NS= Non
significant, *= Significant (0.05), **= Significant (0.01), ***= Significant (0.001). n=5.
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Table 4. Effects of VAM and P fertilization regime on plant nutrient status of
A. pedato-radiatum Schott ssp. pedato-radiatum plants after 16 months of inoculation.

Fungi

P
Level
(ppm)
0
22
44
66
0
22
44
66

P (%)

Ca (%)

S (%)

Fe
(ppm)

Zn
(ppm)

Mn
(ppm)

0.03
1.6
0.207
208.0
26.7
116.0
-VAM 
-VAM
0.42
1.1
0.122
83.3
15.2
83.2
-VAM
0.39
1.1
0.142
95.7
21.8
129.3
-VAM
0.42
1.0
0.137
91.5
19.9
125.3
0.05
1.9
0.214
101.2
24.7
93.7
+VAM 
+VAM
0.34
1.3
0.165
92.0
18.3
100.3
+VAM
0.33
1.3
0.155
97.8
15.3
116.5
+VAM
0.41
1.1
0.205
95.5
17.7
152.2
Significance:
VAM
NS
*
**
NS
NS
NS 
P level
***
**
**
***
***
*
VAM X P
NS
NS
NS
***
NS
NS
Level
-VAM: (Control Non Inoculated), +VAM: Vesicular Arbuscular Mycorrhizal Fungi,

NS= Non significant, *= Significant (0.05), **= Significant (0.01), ***= Significant
(0.001). n=3.
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Vegetables
Significance to the Industry In order to develop a scientifically trained workforce for
the horticulture, nursery and landscape industry it is necessary to create an awareness
in youth of what horticulture is and that it can be an exciting and worthwhile career. This
projects goal was to foster scientific interest and curiosity in 4th and 5th grade students
from Caldwell and Lyon Counties in Western Kentucky. Activities were planned for them
to participate actively in field days and to grow vegetables in demonstration gardens at
their schools.
According to the US Census Bureau, 87.6% of high school students in Lyon County
School graduated for the 2011-2015 period, a similar record (86.8%) was reported for
Caldwell County School. Even though these records seem high, the number of students
that received a bachelor or higher degree reached 17.8% and 16.4 % for Lyon and
Caldwell counties, respectively. Among these students there is the low population of
students in agricultural careers. This program was seen as an opportunity to develop a
connection between children in rural communities and the University of Kentucky; and
to promote a four year education degree in agricultural related sciences. Previous
studies have shown that participants in summer camp garden projects with hands-on
horticulture activities increased science knowledge and confidence in gardening skills.
Furthermore, it helped participants to consider engaging in higher agricultural education
or working in an agricultural-based career (Gillett et al., 2017). Gardening promotes
stronger student-institution and student-community relationship and stimulates physical
activity and psychological stability (Hassenauer and Cobb, 2015). Direct experience in
the garden contributed to participants’ environmental awareness and appreciation.
Social interaction, excitement and motivation are learning outcomes from a natural
environment besides the scientific knowledge (Alon and Tal, 2017).
Hands-on activities for 900 students were delivered at the University of Kentucky
Research and Education Center Botanical Garden, Princeton, KY. Topics included plant
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morphology and diversity; insect pollinators and their importance in agriculture, insect
diversity and behaviors; soil types and their interactions with plants, vermicomposting,
plant diseases, and the importance of environmental conservation for a sustainable
future. There were two visits to the Botanical Garden scheduled per grade for each
school in March-May and one visit in August-October periods to coincide with the school
year. An extension agent and master gardeners from Lyon County and eight teachers
from both schools collaborated with the student group organization and helped to guide
students around working stations during the students’ visits. Four raised beds were
built at each school to support outdoor education and make this project long lasting.
Fifth graders evaluated seven different experiments. Lyon Co. 5th graders made
competitive presentations based on these experiments at the school and were awarded
prizes and certificates based on their inclusive presentations.
Nature of Work The UKREC Botanical Garden is a 5-acre setting located at the
University of Kentucky-Research and Education Center, Princeton. It was created in
1980 to evaluate and select superior environmentally sustainable plants for enhancing
Kentucky's environments and landscapes. Being an enclave in a rural region, with
limited resources; the garden has a potential use for becoming a learning center to
teach science based knowledge and outreach. Besides, it has been Spring Visits to the
UKREC Botanical Garden shown that a garden is considered a powerful tool in
promoting outdoor education, social interaction, community restauration, and
sustainability. The Next Generation Science Standards guidelines were taken into
account to accomplish the goals of this project. The main objective was to foster
scientific interest and curiosity in 4th and 5th grade students from Caldwell and Lyon
Counties in Western Kentucky.
Instructors and Master Gardeners, received students and their science teachers and
divided each group of 75 students into five subgroups. Each subgroup was assigned to
a working station and every 20 min, they rotated until finished visiting the five stations.
Hands-on activities were delivery on diverse agricultural topics. April: Soil types and
conservation; soil biology: compost and vermicomposting, carbon footprint calculation;
plant hunter (plant morphology); planting vegetable seeds and seedlings (Fig. 1).
May: Plant diseases: pathogen and symptom description; flowers and pollinators;
mimicry and camouflage; insects: pests vs natural enemies; raised bed vegetable
garden (students observed crop development after the first month) (Fig. 2).
Caldwell and Lyon County Elementary schools were provided with four raised beds; 4
feet (1.22m) wide by 8 feet (2.44m) long by 12 inches high (30.48cm). Lyon County
Elementary school added 8 raised beds to provide the gardening experience for all
classes (Figs. 3 and 4).
Student spring visits to the UKREC Botanical Garden five working stations were set for
every visit, students rotated every 20 min. Topics included: Soil types and conservation,
soil biology: compost and vermicomposting, carbon footprint calculation, plant hunter
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(plant morphology), and vegetable seed and seedling planting, plant diseases, flowers
and pollinators, mimicry and camouflage, insects: pests vs natural enemies and
vegetable harvest.
Seven different experiments were set up at the UKREC for fifth graders to evaluate.
During a two-hour visit, the students worked as 5-7 student teams to learn about basic
replicated studies, record scientific data, and to operate some lab equipment. Onepage report and oral presentation of the projects were assigned. Students chose to
prepare power-point presentation instead of posters. Three UK faculty and three staff
judged the presentations and selected the best three project presentations.
Results and Discussion At the end of the second spring visit, teachers (17 CCES, 6
LCES) and students (300 CCES, 150 LCES) were surveyed to assess their experiences
and receive their input to plan fall activities. Evaluation sheets were presented to
students and teachers and the results are in Fig. 5. A majority of the students, up to
86.2%, have gardened. Plant hunter morphology was the least favorite among the
science teachers. Fourth grade teachers from both schools considered that activities on
pollinators and soil fit their curriculum in large extend. Carbon Foot Print calculator
activity did not match CCES curricula for fourth and fifth grades, besides this session
evidenced that a very low number of students recycle at home, and recycling is barely
done at the schools. It might have been the reason for those students evaluated it as
the least favorite of all the learning sessions except for the Lyon County 4th grade. The
insect mimicry and camouflage was highly ranked by students and teachers. In general,
students enjoyed learning most of the activities; particularly LCES 4th graders. LCES
science teacher is very active and committed to use gardening as a tool to complement
her lectures and teach students to work and maintain their garden.
The quality of the events varied according to the schools, all LCES teachers judged the
events as excellent (Fig. 6). The majority of CCES fourth grade teachers considered
that the activities were excellent. However, CCES fifth grade teachers thought that the
activities were just good for their students. Students’ evaluation was similar regardless
the school, fourth graders rated the events as excellent. Based on this information, and
considering that the fourth graders would be our fifth graders in the fall program, we
planned totally different approach. The main goal of fall program was to provide
students the opportunity to learn how to evaluate fair tests, use laboratory equipment,
write a report and give a presentation. Different elements of their curriculum will be
integrated, such math, analysis and writing.
Master Gardener Advanced Training
Lyon County Master Gardener Association has contributed to the field days of this
program through helping instructors delivering information, keeping students in groups
and helping them to move between working stations. This program is also aimed at
increasing the scientific knowledge of master gardeners. Advanced Master Gardener
Training included hands-on and interactive sessions on pruning techniques (Fig. 7),
natural enemies of garden pests, plant disease identification, and UKREC Soil
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Laboratory Tour. A total of 24 master gardeners from 5 counties attended the event that
was classified as very good for most of them. Both sessions included hands-on and
interactive activities. The second training (Fig. 8) for 32 master gardeners included a
hands-on landscape design from a blueprint, a presentation on insect pests, cutting
propagation of tropicals by Forsyth pot, a self-irrigated system, and a presentation with
examples on the benefits of bats.
Literature Cited
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Fig. 1. Earthworms for vermicomposting.
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Fig. 2. Pollinators are more than Monarch butterflies and honey bees

Fig 3. Students planting raised at beds LCES

Fig 4. Multiple raised beds at the LCES
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Fig. 5. Teacher’s and students’ evaluations of activities offered in 2018 spring.

Fig. 6. Overall evaluation of the 2018 spring events at the UKREC Botanical garden.

Fig. 7. Master Gardeners Advanced Training pruning workshop.
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Fig. 8. Master Gardeners Advance Training.
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Significance to the Industry Recent pollinator population declines have led to indepth investigations of the cause behind weakened pollinator health and populations.
Neonicotinoid pesticides have been identified as a potential contributing factor. As a
result, neonicotinoids have been banned in several European countries. Additionally,
large home and garden retailers in the U.S. now require plants produced using
neonicotinoids to be labeled. To date, labeling of neonicotinoids is voluntary and
consumer and producer reactions to these labels have not been explored. Research
suggests low consumer awareness of neonicotinoids which implies labeling may have
minimal effects on consumer preferences and demand. However, consumer interest in
sustainable products suggests that labeling neonicotinoids may reduce demand for
plants grown using neonicotinoids due to environmental concerns. On the production
side, producers frequently use neonicotinoids to protect plants from insect predation. If
neonicotinoid labeling influences consumer preferences, this will impact producers’
production practices and potentially their profits. To date, producers’ preferences for
neonicotinoid usage and labeling practices have not been investigated. The current
report summarizes the state of the industry focusing on consumer and producer
preferences for neonicotinoid usage and labeling.
Nature of Work Parallel studies were conducted to measure consumer and producers’
reactions to neonicotinoid use and neonicotinoid labeling practices. The main objective
was to assess the current state of the industry and potential consumer perceptions with
regards to neonicotinoid use, preferences, and related marketing strategies to
determine the possible economic impacts of neonicotinoid labeling and alternative pest
management strategies. The consumer study consisted of an in-person study and
online survey to assess consumer preferences, knowledge, and perceptions about
neonicotinoids. Estimates of consumer demand for neonicotinoid free products will be
calculated. The producer study consists of national online (complete) and mail surveys
(in progress). The surveys investigate current production practices, use of
neonicotinoids and other pesticides in production practices, producer preferences and
perceptions of neonicotinoids, and their marketing practices related to neonicotinoids
(e.g. labeling practices). The benefits and costs of alternative pest management
practices will be estimated.
Results and Discussion
Consumer Study Methodology: The research team administered two sets of
experiments including an in-person experimental auction and an online discrete choice
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experiment. The in-person experimental auction consisted of live product auctions and
computer simulated auctions to examine if the experimental environment changed
participants’ choice decisions. The live product auction simulated a real purchasing
environment and participants were able to closely examine the actual plants before
submitting their bids. On the other hand, participants in the computer simulated auction
were presented with on-screen images of the plants that were used in the live product
auction.
A slightly different technique using information treatments was incorporated into the
online choice experiment. Given the relatively limited public knowledge of
neonicotinoids despite of increased media attention to neonicotinoids and pollinators
(Wollaeger et al. 2015; Rihn & Khachatryan 2016), two information treatments were
incorporated into the online choice experiment to test whether additional information
affected participants’ preferences toward labels disclosing the presence or absence of
neonicotinoids. Participants randomly assigned to information treatment groups viewed
a 3-miniute video with additional information about neonicotinoid prior to choice
experiment while those assigned to the control group were directed straight to the
choice experiment without any additional information.
Participants’ demographics, knowledge and perceptions: 141 participants were recruited
from central Florida for the experimental auction and 1,680 participants were recruited
nationwide for the online choice experiment. Participants’ demographic characteristics,
purchasing behaviors, knowledge about neonicotinoid insecticides, as well as
perceptions about labeling practices from both samples are summarized in Table 1.
Even though participants were from two different population (Florida and national), we
found that the two samples were very consistent in major demographics, knowledge
about neonicotinoids, and perceptions about labeling neonicotinoids. In both samples,
about 27% of the participants indicated that they have heard about neonicotinoid
insecticides while the majority (more than 70%) have not. On a 7-point Likert scale, less
than 20% of the participants perceived themselves as knowledgeable about
neonicotinoids. Participants in both samples indicated that disclosure of “Pesticide Free”
in a label is most important to them when make purchase decisions, followed by
“Neonicotinoid Free” as in comparison with disclosure of other information such as NonGMO, Organically produced, etc. Both auction and online participants agreed that the
top three most attractive labeling phrases indicating pollinator friendly production were
“Pollinator Friendly”, “Plants for Pollinators”, and “Pollinator Attractive” (Figure 1).
Regarding perceptions about whether labeling neonicotinoids should be mandatory or
voluntary, 75% of the auction participants and 87% of the online participants agreed that
the labeling of neonicotinoids should be mandatory.
Consumer knowledge, information effect, and WTP: With experimental auction data,
the estimated WTP for plants labeled as neonic-free (i.e., labeled as “Neonicotinoid
Free” (text) or “Bee Better Certified” (logo)) was 3.21 dollars. Participants were willing to
pay about 34 cents more for plants labeled as free of neonicotinoids. To account for the
impact of heterogeneous individual knowledge on preferences for neonicotinoid
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labeling, we divided participants into two dichotomy groups using their self-reported
knowledge rating. We found participants in the not knowledgeable group were less
impacted by whether the plant was labeled as neonicotinoid-free or not while
participants in the knowledgeable group bid significantly lower for plants labeled with
presence of neonicotinoids (Figure 1). Specifically, a person who was knowledgeable
about neonicotinoids was willing to pay 53 cents less for a plant labeled with neonics.
On the other hand, online experiment data showed participants were willing to pay
about 6.00 dollars for a plant labeled as neonic-free. Higher WTP for online participants
may be partially due to the hypothetical nature of online choice experiments. Further,
we confirmed that negative information was more impactful and had a larger effect on
individuals’ choice. Participants’ initial attitudes and knowledge toward neonicotinoids
played an important role in how they responded to newly provided information.
Producer Study Methodology: The producer study uses both online and mail surveys to
assess the current and projected use of neonicotinoid and non-neonicotinoid
insecticides, to elicit producer perceptions on neonicotinoid labeling and anticipated
changes in production practices due to regulation. While the mail survey is in process,
95 growers from 49 states have completed the online survey.
Operation characteristics: Among the 95 growers, 37(30%) were operating greenhouse
only, 17 (18%) were operating open field or container only, while 41 (43%) had both
types of operations. The average production area in 2017 was 553,761 square feet for
greenhouse operations and 115 acres for open field or container operations.
Plant type categories: The top plant category reported by the surveyed firms were
perennials (e.g., herbs, vines, ground covers, etc.). Seventy three of the surveyed firms
indicated handling of perennials, followed by deciduous shrubs and trees (including
shade, flowering, fruit producing trees), reported by 63% of the surveyed firms. The next
two large plant categories were flowering potted plants (including hanging baskets) and
annual bedding plants (e.g., flowers, veg., fruits, herbs).
Use of neonicotinoids and non-neonicotinoid: Foliar application was reported as the
most commonly used pesticides application method in both greenhouse and open field
or container production systems. 75% of the greenhouse growers and 56% of the open
field or container growers reported using foliar applications. Liquid drench and
soil/granular applications were the next two most widely used pesticides application
methods. Based on self-reported information, Safari, Dinotefuran, Sagcity (Dinotefuran),
Calypso (Thiacloprid) and Arena (Chlothianidin) were the three most widely used
neonicotinoid brands by surveyed firms. Meanwhile, Acephate/Orthene (Acephate),
BotaniGard ES (Beauveria bassiana Strain GHA), Konotos (Spirotetramat), Distance
IGR and Fulcrum (Pyriproxifen), Endeavor (Pymetrozine), and Mainspring GNL
(Cyantraniliprole) were indicated as the most widely used non-neonicotinoids brands.
Producer perceptions and predictions: Surveyed firms consistently predicted increases
in input costs when the use of neonicotinoid pesticides were restricted (Figure 3). Sixty
percent of the surveyed firm anticipated an increase in pesticides costs. More than half
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of the surveyed firms indicated an increase in skilled/managerial labor costs and 30%
indicated an increase in unskilled labor costs. In addition, surveyed firms also predicted
an increase in both application frequency and man-hours after switching to nonneonicotinoid pesticides. Nonetheless, producers’ projection about yield change was
split. While half anticipated a decrease in yield due to potential switch of pest
management practices, half of the surveyed firm anticipated a yield increase.
In terms of the most effective labeling phrases indicating pollinator friendly production,
producers’ perceptions were not completely in line with those of consumers (Figure 4).
For example, one of the consumer’s top-rated phrases “Pollinator attractive” was
deemed as one of the least attractive labeling phrases to producers. In addition,
producers and consumers seemed to have different perceptions regarding whether
labeling of neonicotinoids should be mandatory or not. In contrast to consumers, only
25% of the surveyed firms agreed that labeling neonicotinoids should be mandatory
while 59% were opposed to mandatory labeling of neonicotinoids.
Conclusions Results in this study suggested that participants had a strong preference
for neonic-free products regardless of experimental method. Consumers were willing to
pay a higher price for a neonicotinoid-free plants and neonicotinoid-free logo were more
preferred. The producer study showed that producer preferences towards changing pest
management practices were not homogeneous. Most producers anticipated an increase
in production costs (increased labor input / application frequency and pesticide costs) if
switching practices occurs. A cross comparison between producers’ and consumers’
perceptions revealed that producer and consumer preferences for neonicotinoid related
labeling were somewhat different.
Literature Cited
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Table 1. Summary statistics of consumer survey

No. of Participants
Demographic Characteristics
Gender (Male)
Age (mean)
White/Caucasian
Household Size (mean)
Education
High School +
Bachelor’s degree +
Household Income (median)
Shopping Behavior
No. of visits per year (mean)
Average amount spent per visit (mean)
Total amount (mean)
Knowledge and Perception
Awareness of neonicotinoids
Knowledge of neonicotinoidsa
Importance of disclosing “Pesticide
Free” on labels (mean)b
Importance of disclosing “Neonicotinoid
Free” on labels (mean)b
Importance of disclosing “NonGMO/GMO free” on labels (mean)c
Importance of disclosing “Certified
Organic”b
Importance of disclosing “Organically
Produced” on labels (mean)b
Mandatory labeling of neonicotinoidsc
a

b

c

In-person
Experimental
Auction
141

Online Choice
Experiment
1,680

26%
55
85%
3

42%
52
87%
3

100%
51%
$60,000-$79,999

99%
42%
$40,000-$59,999

8
$33
$100-$199

6
$68
$100-$199

27%
14%

27%
19%

5.8

5.6

5.1

5.3

5.0

4.9

5.1

5.2

5.2

5.1

75%

87%

Participants were asked to indicate their knowledge about neonicotinoid pesticides on a 7-point Likert
scale with 1 indicating not at all knowledgeable, 4 indicating neither knowledgeable nor not
knowledgeable, and 7 indicating extremely knowledgeable. The percentage here summarizes
participants who selected a 4 or higher on the knowledge scale.
Participants were asked to indicate their level of importance on the disclosure of information on a label
when they purchase a plant on a 7-point Likert scale with 1 indicating very unimportant, 4 indicating
neither important nor unimportant, 7 indicating very important. The mean score across sample
observations is reported here.
Participants were asked to indicate whether they agree or disagree that labeling neonicotinoids should
be mandatory as opposed to voluntary on a 7-point Likert scale with 1 indicating strongly disagree, 4
indicating neither agree nor disagree, 7 indicating strongly agree. The percentage here summarizes
participants who selected 4 or higher on the scale.
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Pollinator friendly
Plants for pollinators
Pollinator attractive
Bee friendly
Bee attractive
Butterfly attractive
Butterfly friendly
Pollinator safe
Bee safe
Bee logo/image
Butterfly logo/image
Neonic-free
0%

2%

4%

6%
Online

8%

10%

12%

14%

Lab

Figure 1. Consumer perceptions: most effective labeling phrases.
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Annual Plants
Presence of Neonics

3.00

Bid Value ($)

Bid Value ($)

Annual Plants
Absence of Neonics
2.00
1.00
0.00
a1

a3

a5

Knowledgeable

a13

a8

a9

3.00
2.00
1.00
0.00

a11

a6

Not Knowledgeable

a10 a12

Knowledgeable

1-A

a2

4.00
3.00
2.00
1.00

Not knowledgeable

6.00
4.00
2.00
0.00
p2 p11 p13 p14 p4

0.00
p6

p9 p12 p1

Knowledgeable

p7 p10

Not Knowledgeable

1-C

a14

Perennial Plants
Presence of Neonics
Bid Value ($)

5.00

p3

a4

1-B

Perennial Plants
Absence of Neonics
Bid Value($)

a7

p5

p8

Knowledgeable
Not knowledgeable

1-D

Figure 2. Distribution of bids by knowledge about neonicotinoids and plant types
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70%
60.3%
60%

No. of Participants (%)

50.8%
50%
38.1%

40%

31.7%
27.0%

30%
20%
10%

4.8%
0.0%

6.3%
0.0%

3.2%
1.6%

1.6%1.6%

3.2%
1.6%

0%
Pesticides

Other application Skilled/managerial
costs (e.g., fuel,
labor
equipment, etc.)
Increase

Decrease

Unskilled labor

Other materials
(e.g. tags/labels)

No change

Figure 3. Producers’ predicted change in input costs
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Figure 4. Producer perceptions about most effective labeling phrases
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Significance to Industry According to a 2015 Home Depot survey of 1,735 gardeners
[1], low-maintenance plants and organics were among the top gardening trends. More
than one quarter of gardeners over 35 years old stated they used rain barrels and other
similar rainfall collection systems. Over 40% of millennials (persons age 35 and under)
in the Northeast, South, and Midwest expressed interest in learning how to grow food
using organic methods. This study hypothesizes that a segment of home gardeners,
identifiable by demographic attributes, attitudes, and shopping patterns exhibit
preferences for ecofriendly gardening products. The analysis developed market profiles
of home gardeners who would prefer to use ecofriendly garden products. Our findings
will supplement efforts to develop gardening products that embody ecofriendly attributes
with the intent to market these products to specific group(s) of consumers.
Nature of Work Studies find that gardeners exhibit preferences toward ecofriendly
gardening products and packaging [2,3,4]. Khatchatryan, et al, [2] found that attributes
generally thought to be more environmentally friendly had a positive effect on the
likelihood of purchasing florals possessing those attributes. Similarly, utilizing
hypothetical and non-hypothetical auction analysis methods, Yue, et al. [3] found that
consumers were willing to pay premiums for biodegradable packaging in relation to
conventional plastic packaging. They found that as the percentage of waste material
contained in the packaging increased, so too did the premium attributed by consumers,
suggesting that consumers value waste reduction. Behe et al. [4] found similar results in
their regional survey comparing ecofriendly practices among different gardening
segment clusters. Rihn, et al. [5] found that fruit-producing plants and indoor foliage
products grown using organic methods were associated with higher consumer
willingness to pay and greater likelihood the products were purchased. Hugie, Yue and
Watkins [6] use conjoint analysis to show that consumers value turfgrass that requires
less irrigation. All of these studies indicate a growing consumer preference for
greenhouse or nursery products with reduced environmental footprints.
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The purpose of this study is to understand the factors influencing home gardener
preferences for six ecofriendly attributes associated with gardening products. The
attributes considered include a) decreased need for fertilizer, b) decreased need for
pesticides, c) decreased need for water, d) native species, e) organic and f) the use of
recyclable packaging or containers. The effects of home gardener demographics,
attitudes, and shopping patterns on their preferences are measured. These
measurements support the identification and definition of market segments more likely
to purchase ecofriendly garden products.
A survey of home gardeners was conducted using the Qualtrics online survey platform.
The list frame was comprised of Tennessee residents aged 18 years or older who selfidentified as gardeners (either indoor, outdoor, or both). The sample frame was
provided by Qualtrics. A pre-test survey of 108 respondents was fielded in June 2018.
The survey was modified based on the pre-test results, with a full version of the survey
fielded in July 2018 (n = 771 responses).
A Multiple Indicator Multiple Causation (MIMIC) Model was used to analyze which
demographic factors influence consumer preferences for ecofriendly products. The
MIMIC model is a multi-factor latent variable model that enables simultaneous modeling
of discrete variables in a general linear model framework [7]. MIMIC models consist of
two components: i) a measurement model defining the relationships between an
unobservable latent variable and its indicators, and ii) a structural model capturing the
effects of causal variables on the unobservable latent variable. This approach is useful
when jointly modeling many indicators (in this case, preferences for each of the six
environmental attributes) that are influenced by multiple factors. Consumer attributes
included as factors determining the propensity to purchase ecofriendly garden products
are demographic variables, spending patterns, and sentiments towards social,
environmental, or political issues. The indicators and causal variables are linked by a
latent, unobservable variable. In this case, the latent variable is the propensity of
consumers to prefer environmentally friendly gardening products (ENVIR). Figure 1
illustrates the linkages between the indicators and the causal variables.
The probabilities of preferring each of the gardening products with environmental
attributes (Decreased Fertilizer Needed, Decreased Pesticide Needed, Decreased
Water Needed, Native Plant Species, Organically Produced, and Recyclable
Packaging) are calculated using the estimated coefficients of the MIMIC model and the
predicted values for ENVIR (using the regression and the demographic, spending
patterns, and other causal variables). To illustrate potential market segments and their
demographics/characteristics, three segments were developed, one with low propensity
to prefer environmentally gardening products (lowest third of ENVIR), medium
propensity (middle third of ENVIR), and high propensity (highest third of ENVIR). For
the three segments, means of the respondent demographics, spending patterns, and
attitudes reflect differences across the three market segments.
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Results and Discussion Each of the estimated coefficients on ENVIR in logits for the
probability of preferring each of the gardening supplies was significant (Table 1). A total
of 725 responded to all questions needed for the analysis. The percent correctly
classified for each dummy variable representing preferences for environmental
attributes in gardening products ranges from 91.59% for decreased need for pesticide
(Decreased Pesticides Needed) to 68.28% for native plants (Native Plant Species).
Respondents who are older (AGE), female (FEMALE), members of environmental
organizations (ENVIRORG) and garden clubs (GARDENCL), along with those who like
to garden to grow their own food (GROWFOOD) and consider themselves more
knowledgeable about the environment (LENVKNOW) are more likely to prefer
environmentally friendly gardening products (ENVIR). Similarly, gardeners who feel a
greater responsibility to care for the environment for future generations
(RESPFUTGEN) and believe that home gardeners impact the environment
(HGARDENVIR) have a higher propensity to prefer environmentally-friendly gardening
products.
In Figure 2, the probability of preferring the gardening product attributes is plotted
against ENVIR – the propensity to prefer gardening products with environmental
attributes. The scale of the propensity score ENVIR indicates the degree of indifference
a consumer has for garden products labeled as ecofriendly. Consumers who are
relatively indifferent to ecofriendly garden products (lowest ENVIR levels) are less likely
to prefer these goods. For example, complete indifference corresponds with an ENVIR
of 0. The relationship is positive between preferences for ecofriendly garden products
and the likelihood an individual would purchase a product with a specific attribute.
The probability of preferring products with decreased need for pesticide emerges first,
followed by organically produced and native plant species (Figure 2). The relationship
between preferences for ENVIR garden products and the likelihood of purchasing
products marketed as “Deceased Pesticides Needed” is strongest across all
consumers. However, the rankings cross for “Decreased Fertilizer Needed” and
“Decreased Water Needed” products, and “Native Plant Species”, “Recyclable
Packaging”, and “Organically Produced” as preferences for ENVIR garden products
increase.
At the bottom of Figure 2, to illustrate market segments, the respondents were grouped
into Low (lowest third), Medium (middle third), and High (highest third) groups that prefer
gardening products with environmental attributes (ENVIR). The mean demographic
attributes, expenditure patterns, and attitudes are calculated to illustrate characteristics
of market segments for gardening products with environmental benefits. Compared with
the Low Propensity group, the High Propensity group members are more likely to be
female and older. These group members also tend to be members of environmental
organizations and garden clubs and like to garden to grow their own food. Respondents
in this group consider themselves more environmentally knowledgeable and feel more
strongly about a responsibility to future generations to protect the environment and that
home gardeners can impact the environment with their actions.
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Results suggest that gardening products requiring less pesticides are adopted at lower
levels of propensity to prefer gardening products with ecofriendly attributes, followed by
produced organically, and native plant species. However, as the propensity increases,
the probability of preferring products that require less fertilizer also increases rapidly.
These results could indicate decreased need for pesticide has broader appeal, while
only the most committed have preferences for products with decreased fertilizer needs
(may rely on compost and/or natural fertilizers). Thus, investing the resources
necessary to identify and target consumer segments would seem more justified for
products that decrease fertilizer use than for those that decrease pesticide use.
Conversely, untargeted approaches would be more likely to motivate a diverse set of
consumers for products that reduce need for pesticide use than those that reduce need
for fertilizer use. The results from this study help identify characteristics of market
segments that have low, medium, and high propensity to prefer gardening products with
environmental benefits. While products with decreased need for fertilizer and pesticides
have a broader appeal across market segments, other gardening product attributes,
such as organically produced and native plant species, have more narrow appeal to
groups with medium and high propensity to purchase ecofriendly gardening products.
Literature Cited
1. S. Kellner. Low Maintenance and Organics Top Trends in Gardening Survey.
http://gardenclub.homedepot.com/low-maintenance-gardening-survey/
2. H. Khachatryan et al. Visual Attention, Buying Impulsiveness, and Consumer
Behavior. Marketing Letters, 2018 p. 23-35.
3. C. Yue et al. Comparing Willingness to Pay Estimation Models for Conjoint Analysis:
A Case Study of Willingness to Pay for Biodegradable Containers for Plants. Acta
Horticulturae. ISHS Acta Horticulture 930: XXVIII International Horticultural Congress
on Science and Horticulture for People (IHC2010): International Symposium on
Integrating Consumers and Economic Systems. 31 Mar. 2012
DOI:10.17660/ActaHortic.2012.930.28
4. B.K. Behe et al. Gardening Consumer Segments Vary in Ecopractices. HortScience,
2010, 45, p.1475-1479.
5. A. Rihn et al. Consumer Preferences for Organic Production Methods and Origin
Promotions on Ornamental Plants: Evidence from Eye-Tracking Experiments.
Agricultural Economics, 2016, 47, p. 599-608.
6. K. Hugie, C. Yue, and E. Watkins. Consumer Preference for Low-input Turfgrasses:
A Conjoint Analysis. HortScience, 2012, 47 (8), p. 1096-1101
7. A. Skrondal and S. Rabe-Hesketh. 2004. Generalized Latent Variable Modeling:
Multilevel, Longitudinal, and Structural Equation Models. Boca Raton, FL: Chapman
& Hall/CRC.
8. White, J. Home Gardening Statistics. The Masters of Horticulture. March 18, 2014.
http://masterofhort.com/2014/03/home-gardening-statistics/

90

SNA Research Conference Vol. 63 2019

Table 1. Sample Means and MIMIC Model of Tennessee Home Gardeners’ Probability of Preferring
a
Gardening Supplies with Environmental Attributes
Estimated Coefficients
Logit Models of Prob. of Preferring Attribute of
Decreased Fertilizer Needed

Sample
Means
0.75

Intercept
-6.329 ***

βENVIR
1.961

***

% Correctly
Classif.
89.24%

Decreased Pesticide Needed

0.87

-4.427

***

1.774

***

91.59%

Decreased Water Needed

0.67

-4.737

***

1.374

***

81.79%

Native Plant Species

0.57

-3.045

***

0.807

***

68.28%

Organically Produced

0.60

-3.382

***

0.921

***

70.48%

Recyclable Packaging

0.62

-4.139

***

1.142

***

72.00%

b

Regression on Latent Variable (ENVIR)

Means

AGE (years)

44.00

0.011

***

FEMALE (1 if female, 0 else)

0.79

0.265

***

COLLGRAD (1 if college grad, 0 else)

0.40

-0.006

RURAL (1 if rural, 0 else)

0.33

-0.115

73.03

-0.001

SHRGARDEN (shr income on garden supplies)

0.49

0.037

OUTDOOR (1 if primarily outdoor garden, 0
else)
ENVIRORG (1 if envir organiz member, 0 else)

0.71

0.111

0.16

0.342

***

GARDENCL (1 if garden club member, 0 else)

0.08

0.374

*

INFOEXT (1 if use info from Extension, 0 else)

0.24

-0.081

INFOOG (“…” other gardeners, 0 else)

0.50

0.081

INFOTVMAG (“…” TV/mag, 0 else)

0.38

0.074

INFOSOCINT (“…” social media/Internet, 0
else)
RESPFUTGEN (responsible for envir to future
gen, 1=strongly disagree, …, 5=strongly agree)
LENVKNOW (lack environ knowledge, “…”)

0.56

0.096

4.51

0.372

***

2.80

-0.103

**

HHINC (2017 household income, in $1,000)

Regression on Latent Variable (ENVIR)
SACRIFICENV (people will sacrifice for environ
“…”)
HGARDENV (home gardeners impact environ
“…”)
GROWFOOD (like to grow my own food “…”)
LLR Test (18 df)

Means
3.82

b

0.008

4.27

0.343

***

3.87

0.109

**

-426.4

***

N=725
a

***=significant at α=.01, **=significant at α=.05, and *=significant at α=.10.
From the National Gardening Association, in 2014, the average U.S. gardener was female, over 45
years old, and held a college degree or has some college education. Hence, our sample is similar to
these statistics from the national survey [8].

b
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Figure 1. The MIMIC Model of Consumer Preferences for Gardening Supplies with
Environmental Benefits.
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1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Low ENVIR
1.1

2.6

3.0

3.4

Med ENVIR
3.7

3.9

4.1

4.2

4.4

High ENVIR
4.6

4.8

5.0

5.2

5.4

5.7

ENVIR

Variable
AGE
FEMALE
COLLGRAD
RURAL
HHINC
($1,000)
SHRGARDEN
OUTDOOR
ENVIRORG
GARDENCL
INFOEXT
INFOOG
INFOTVMAG
INFOSOCINT
RESPFUTGEN
LENVKNOW
SACRIFICENV
HGARDENV
GROWFOOD

Decr. Fertilizer Needed

Decr. Pesticide Needed

Decr. Water Needed

Native Plant Species

Organically Produced

Recyclable Packaging

Low ENVIR
42.54
0.75
0.41
0.37
73.24
0.46
0.66
0.08
0.07
0.21
0.46
0.28
0.54
4.09
3.05
3.71
3.85
3.62

Med ENVIR
43.81
0.79
0.39
0.33
72.15
0.46
0.72
0.14
0.06
0.20
0.47
0.40
0.57
4.58
2.94
3.86
4.29
3.94

High ENVIR
45.64
0.85
0.41
0.31
73.72
0.54
0.76
0.25
0.11
0.30
0.57
0.45
0.57
4.86
2.40
3.89
4.67
4.05

a

Groups were formed across the respondents across their level of ENVIR. The lowest third of ENVIR fell
below 3.845. The middle third was 3.845≤ENVIR<4.757, and the top third was ENVIR≥4.757.

Figure 2. Probabilities of Preferring Gardening Supplies/Products with Environmental
Benefits Across ENVIR and Demographics of Three Market Profiles (Low, Medium, and
High ENVIR).
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Flurprimidol and Paclobutrazol Drench Applications Influence
Growth of Helianthus simulans
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Index terms: Asteraceae, sunflower, height, SPAD, flowering
Significance to Industry Swamp sunflower is a perennial native sunflower with
potential for wider use as an ornamental in the southeastern U.S. Research is lacking
on optimal practices for its nursery and greenhouse management and shipping protocol.
Due to its vigor, plant growth regulator (PGR) application would enhance its production
and widespread use as a southeastern fall-blooming ornamental. Optimal rates
applications of paclobutrazol and flurprimidol as a drench were evaluated in this study.
Nature of Work Swamp sunflower is an underutilized fall-blooming native in the
Asteraceae family producing a swath of eye-catching bright yellow inflorescences [1, 2].
Swamp sunflower grows 1-1.8 m tall but can reach 2.5 m and is native to the
southeastern U.S. As a facultative wetland plant it can be found in non-wetland habitats.
It grows best in full sun to part shade and tolerates a variety of growing conditions. In
addition to aesthetics, the flowers and seeds are valuable to wildlife [3, 4]. Swamp
sunflower is a strong candidate for perennial beds and landscapes, and research on
nursery protocol would aid its wider use. To feasibly and economically ship and sell
plants, size and shape need to be within certain dimensions and aesthetics. A less
labor-intensive approach than pruning is the use of PGR’s which control growth [5].
Paclobutrazol is the most widely used PGR to control excessive plant growth and
reductions in height of annual sunflower have been demonstrated [6-10]. Application
method, particularly of paclobutrazol, in precedent literature has largely been by foliar
spray or substrate drench with more favorable results from drench [11-13]. Flurprimidol
is another popular plant growth retardant for ornamentals and is a highly cost-effective
drench [5]. Flurprimidol has reduced plant height and diameter of potted sunflower [14].
The objective of this study was to evaluate the effects of paclobutrazol and flurprimidol
as drench application on the growth and reproductive parameters of swamp sunflower.
Materials and Methods Sub-terminal 3-4 node cuttings were rooted from clonal
material of Helianthus simulans at the University of Georgia (UGA). Plants were then
transplanted to 2.8 L pots with potting media (pine bark, peat and sand mix; Oldcastle,
Shady Dale, GA), top-dressed with slow-release fertilizer at 10 g/pot (16N-2.6P-10.0K
Harrell’s Polyon, Lakeland, FL) and moved to a greenhouse at UGA Trial Gardens in
Athens, GA. Each experiment was a completely randomized design with 12 replicates
per treatment level. Four days prior to application, plants were cut back to 2 nodes/
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stem. The evening prior (6:00 PM) to application, plants were watered to field capacity.
Treatments were applied 25 June 2018 for Expt. 1 and 7 Sept. 2018 for Expt. 2 at 8:15
AM as a 120-mL-substrate drench of paclobutrazol (Piccolo 10 XC; Fine Americas,
Walnut Creek, CA), flurprimidol (TopFlor; SePRO, Carmel, IN) or water (untreated
control). PGR treatment was delivered as 1, 2, 4, or 6 mg a.i. paclobutrazol or 0.5, 1, 2,
or 4 mg a.i. flurprimidol/ pot for Expt. 1. For Expt. 2, PGR treatment was 4, 6, or 8 mg
a.i. paclobutrazol or 2, 4, or 6 mg a.i. flurprimidol/ pot. Plants were hand watered as
needed and fertigated weekly with 20N-4.37P-16.6K fertilizer at 200 mg·L-1 nitrogen
(Jack’s Professional; J.R. Peters, Allentown, PA). Expt. 1 terminated 6 weeks (6 Aug.
2018) and Expt. 2 terminated 8 weeks after treatment (2 Nov. 2018). Height and width
measurements were taken following treatment application (Day 1) and 2, 4 and 6 weeks
after treatment for both experiments with an additional measurement of height at 8
weeks after treatment for Expt. 2. Width was the average of the 2 widest perpendicular
dimensions. Chlorophyll meter (SPAD-502; Minolta Camera Comp., Osaka, Japan)
indices taken between the mid-vein and margin of 3 random leaves were averaged to
evaluate leaf greenness. Dry weight was obtained by cutting stems at the soil line and
oven-drying for ≈3 d at 60°C. Dry weight and SPAD were measured at termination of
Expt(s). 1 and 2. At termination of Expt. 2, flowers and buds were counted to obtain total
flower count. Flower diameter was measured of 3 random mature flowers/ rep., where a
mature flower had disc flowers at anthesis. Data was analyzed by a one-way ANOVA,
where p = 0.05, for each week collected to obtain significance and means comparisons
of PGR treatments were corrected with Bonferroni adjustment using the R program (R
Core Team, 2016).
Results and Discussion Drench application of paclobutrazol (pac.) and flurprimidol
(flur.) at the aforementioned rates had an effect on the vertical growth, horizontal
growth, dry weight and flower diameter of Helianthus simulans (Table 1, 2 and Fig. 1,2).
For Expt. 1 plants applied with pac. at 4 and 6 and flur. at 2 and 4 mg a.i./ pot (mg a.i.)
were shorter than untreated control after 2, 4, and 6 weeks of growth (Table and Fig. 1).
At end of Expt. 1 (6 wks), application of pac. and flur. at 4 and pac. at 6 mg a.i. were
shorter than all other treatments, except for flur. at 2 mg a.i., and ranged from 53.673.1% of the control. For Expt. 2, all PGR rates had reduced height compared to
untreated control at each week of data collection (Table 2). After 8 weeks of growth for
Expt. 2, plants treated with pac. 8 mg a.i. were shorter than pac. at 4 mg a.i., which was
73.5% the height of the control (Table and Fig. 2). Width was reduced as compared to
control at 6 weeks after application of pac. 6 and flur. 2 and 4 mg a.i. for Expt. 1 at 88.6,
89.0, and 81.3% of the control, respectively. For Expt. 2, pac. at 6 and 8 mg a.i. were
not as wide as control at 73.7 and 70.7 %, respectively (Tables 1 and 2). Dry weight
was less than that of control for pac. at 4 and 6 and flur. at 1, 2, and 4 mg a.i. for Expt. 1
and pac. at 8 mg a.i. for Expt. 2. For chlorophyll index, Exp. 1 had higher SPAD
readings for pac. at 6 and flur. at 4 mg a.i. than control. This indicates a stronger green
foliage due to the higher amount of chlorophyll. Flower diameter from Expt. 2 had no
differences between untreated control and PGR-treated plant. However, plants treated
with flur. at 6 mg a.i. had wider flowers than those treated with pac. at 6 mg a.i. (Table
3). While the ANOVA found treatment to have a significant effect on flower and bud
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count, the means separation method did not find differences among treatment levels. In
summary, height, width, and dry weight of Helianthus simulans plants were affected by
PGR treatment and the optimal chemical/rate combinations for growth control for
nursery production appear to be paclobutrazol at 4 and 6 and flurprimidol at 4 mg a.i./
pot.
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Table 1. Expt. 1 data as percentage of control by PGR treatment level. Means
separation analyzed by pairwise comparison tests excluding control with Bonferroni
adjustment (p=0.05). Letters within column indicate statistical similarity.
Treatment
(mg a.i./pot)

Width Increase
Dry Weight
(Week 6)
1
98.7% a
98.6% a
2
92.3% ab
92.1% ab
Paclobutrazol
4
91.9% ab
82.4% bc
6
88.7% bc
74.5% cd
0.5
97.6% ab
92.3% ab
1
98.9% a
88.2% b
Flurprimidol
2
88.9% ab
83.9% bc
4
81.2% bc
69.4% d
Significance
***
***
***, ** indicate significance at p ≤ 0.001 or 0.01, respectively.

Chlorophyll
Index
100.7% b
104.3% b
109.1% ab
121.0% a
99.7% b
103.9% b
105.8% b
117.0% a
***

Table 2. Expt. 2 data as percentage of control by PGR treatment level. Means
separation analyzed by pairwise comparison tests excluding control with Bonferroni
adjustment (p=0.05). Letters within column indicate statistical similarity.
Width
Dry
Chlorophyll
Increase
Weight
Index
(Week 6)
4
92.3% a
92.4% a
108.1%
Paclobutrazol
6
70.7% a
86.8% a
106.3%
8
73.7% a
81.1% a
105.2%
2
89.6% a
88.5% a
106.9%
Flurprimidol
4
92.0% a
93.0% a
106.2%
6
84.4% a
84.6% a
106.8%
Significance
**
*
NS
***, **, * indicate significance at p ≤ 0.001, 0.01, or 0.05, respectively. NS indicates
nonsignificance at p > 0.05.
Treatment
(mg a.i./pot)
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Table 3. Expt. 2 flower data as percentage of control by PGR treatment level. Means
separation analyzed by pairwise comparison tests excluding control with Bonferroni
adjustment (p=0.05). Letters within column indicate statistical similarity.
Treatment
(mg a.i./pot)
4
6
8
2
4
6

Paclobutrazol

Flurprimidol
Significance

Flower
Diameter
105.2% ab
98.3% b
101.1% ab
102.8% ab
103.5% ab
105.6% a

Flower and
Bud Count
120.9% a
120.7% a
108.0% a
114.7% a
118.7% a
115.5% a

*

*

* indicates significance at p ≤ 0.05, NS indicates nonsignificance at p > 0.05.

a a

a

a

a

a a

ab

ab
ab

ab

b

b
b

bc
bc

Figure 1. Height increase from Day 1 to weeks 2 and 6 for Expt. 1 as percentage of
untreated control. Means separation analyzed by pairwise comparison tests with
Bonferroni adjustment (p=0.05). Treatment levels within week having same letter are
statistically similar.
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90.0%

Expt. 2 Height Increase as Percentage of
Control
a

80.0%

70.0%

ab ab ab

ab
b

a

a

a

a

a

a

60.0%
50.0%

After 2 Weeks
PGR - mg
a.i./ pot:

Pac - 4
Flur - 2

After 8 Weeks
Pac - 6
Flur - 4

Pac - 8
Flur - 6

Figure 2. Height increase from Day 1 to weeks 2 and 8 for Expt. 2 as percentage of
untreated control. Means separation analyzed by pairwise comparison tests with
Bonferroni adjustment (p=0.05). Treatment levels within week having same letter are
statistically similar.
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Perennial Wheat on Georgia Roadsides: A Pilot Study
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Significance to Industry This project seeks to answer the question: What is the
viability of perennial wheatgrass in the Southeastern United States? This pilot study
tests a newly developed perennial wheatgrass, Kernza®, in a novel ecosystem, the
roadside right-of-way. In collaboration with The Land Institute (1), the transportation
corridor project The Ray (2), the University of Georgia, College of Environment and
Design (3), and the Georgia Department of Transportation (4), this pilot is the first of its
kind in Georgia and the Southeast United States.
Nature of Work The planting and management of high-speed interstate and highway
roadsides presents a number of challenges to landscape contractors, landscape
architects and designers, and DOT professionals tasked with managing the conflicting
goals and values of the public. A short list of frequently opposing goals and inherent
conflicts include: establishment of fast erosion control and land stabilization without use
of exotic or invasive plant material, definition and provision of a publicly desirable
landscape aesthetic, management of the clear zone without clearing the entire right-ofway, provision (or prevention) of view corridors for businesses and billboard owners,
and preservation of tree cover and other important functioning ecosystems. This paper
presents the first-year results of a pilot study of Kernza® (a perennial wheatgrass
cultivar, Thinopyrum intermedium ‘Kernza’) at Interstate 85, exit 6, near LaGrange,
Georgia and the Kia Motors Manufacturing plant.
The plant selection and breeding program for this intermediate wheatgrass began in
1988 by researchers in New York state (1). The Land Institute continued multiple rounds
of selection and breeding in 2003 at their facility in Salina, Kansas (1). As the Land
Institute nears the point of release of Kernza®, questions remain as to the adaptability of
perennial wheatgrass to warmer climates. Could the extensive root system and
perennial character of Kernza® provide a low maintenance and soil stabilizing roadside
plant, even into USDA zones 8 and 9? Could Kernza® and other perennial grain crops
become the next generation of nursery grown container plants, plugs, seed, and sod for
extensive use on roadsides, utility corridors, and other extensive and expensive to
manage landscapes?
The site is fully open and sunny, located in USDA zone 8b, with a gentle 3-4%
southwest aspect. The plot is located inside the southeast quadrant of the exit 6
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interchange on interstate 85, near LaGrange Georgia and the Kia Motors Manufacturing
plant. The soil is a heavy red clay and has been greatly disturbed and compacted
through highway construction and many years of mowing with large bush hog roadside
mowing tractors and equipment.
Seed was installed on October 30th, 2017, in a 30’ x 30’ square plot, following direction
provided by the Land Institute (1). These included 1) site preparation by glyphosate
treatment two weeks prior to planting; 2) soil disking and incorporation of compost
material from the local municipality LaGrange, Georgia; 3) installation of seed by hand
in shallow rows spaced 24” on center. Seed was gently covered by hand using hoes
and metal rakes. This method was used to closely mimic the typical planting method of
soil drilling over recently treated crop land. The Land Institute specified weed control by
utilization of a wheel-hoe once per month between rows. The site was visited and
weeded approximately monthly from December of 2017 through May of 2018. Weeds
were not controlled after May and significant weed pressure from primarily Bermuda
grass (Cynodon dactylon) and Johnson grass (Sorghum halepense) ensued.
Results and Discussion First-year results of this 30’ x 30’ test plot, located in USDA
zone 8b, appear positive with nearly 95% seed germination, successful vernalization
and successful seed production on healthy plants during the first growing season (see
Figure 1). Weather data was collected from the nearest NOAA weather station
accessed online (5). Daily and monthly reports were analyzed to create weekly data
summaries.
However, plant performance and seed production varied greatly across the 30’ x 30’
square plot. Areas of the plot that did not drain well after rains prevented significant
growth and seed production. We estimate that nearly 50% of the planting suffered from
inadequate drainage. It will be essential in larger plantings to ensure positive slopes and
drainage for success with Kernza® in zone 8 and in moisture retentive clay soils. Further
tests should be conducted in sandier soils.
Weed pressure which developed during the warm growing season months of June, July,
and August had a negative impact. Future tests should continue weed control yearround until complete coverage and dominance is established by the wheatgrass. Could
alternative methods of installation using sand mulched be effective in helping
wheatgrass establish dominance (6)?
Interesting questions for further research remain as year two and later data is collected.
Will perennial wheatgrass and other perennial crops open a new Pandora’s box of
aggressive and invasive plants or does it lack the vigor necessary to compete? What is
the value to local ecosystems? Will DOT’s become amenable to wheatgrass and other
crop utilization on public roadsides as a potential “mow once” per year alternative to
turf? Will the public become more accepting of tall grass laden roadsides and their
according ecosystem services rather than the current overt desire for a turf-like roadside
aesthetic?
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Figure 1. Weather data and plant height.
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Figure 2A: December site visit – germination visible
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Figure 2B: February site visit

Figure 2C: September Seed heads
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Figure 3A (Left) and Figure 3B (right) April Site visit; measuring plant growth in a rightof-way plot of perennial wheatgrass (A) at the stage of inflorescence development (B).
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Significant to Industry Loropetalum chinense is a major nursery crop for much of the
Southeastern United States. The relatively new disease, bacterial gall of loropetalum
(BGL) has caused major crop loss due to voluntary and/or regulatory disposal of
infected plant material. Research is underway to develop best management practices
to prevent this disease. Prevention through sanitization and exclusion along with
copper sprays after pruning or damage are among current recommendations. Future
research projects hope to evaluate cultivar resistance, sanitizer efficacy and growth
regulators to reduce pruning.
Nature of Work Bacterial gall of Loropetalum (BGL) is a relatively new disease to the
nursery industry. It was first identified as Pseudomonas savastanoi by Conner et. al.,
(1) and later renamed as a new pathovar, P. amygdali pv. loropetali, pv. nov by Harmon
et al. (2). The symptoms of the disease are expressed as dark-colored galls or “knots”.
Galls form on main stems, branches and twigs. As these galls grow, they eventually
girdle the plant, causing dieback or death depending on the location. The bacterium is
present on the surface of the plant existing epiphytically until a wound (from pruning,
leaf scars, frost damage, hail etc.) allow entry into plant tissue.
Occurrences have been reported in Alabama, Georgia, Texas, Louisiana and Florida.
In 2013 several large nursery growers reported disposing of over $1,000,000 worth of
infected plant material through voluntary and/or regulatory enforcement. Bacterial
diseases are difficult to control and currently there are no published recommendations
for controlling this disease. In 2016, a concerted research effort was initiated to develop
best management practices (BMPs) to help nursery growers BGL. This paper provides
preliminary results of several experiments associated with work toward the development
of BMPs.
Cultivar resistance trial
There have been some reports of varying degrees of olive cultivar resistance (4) to P.
savastanoi pv. savastanoi and P. amygdali on almond (5). A trial was conducted to
screen Loropetalum for resistance to BGL. On March 14, 2018 , 4 replicates of the
following eleven cultivars were wounded and treated: ‘Purple Pixie’, ‘Purple Diamond’,
‘Zhu Zhou’, , ‘Carolina Midnight’, ‘Darmua’, ‘Ruby Parfait’, ‘Emerald Snow’, ‘Garnet
Fire’, ‘Cerise Charm’, ‘Purple Plumleaf’, and ‘Ruby Snow’. A drop of either sterilized
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distilled water or bacterial suspension was placed on a flat branch section or in a branch
crotch angle and a sterile dissecting needle was pushed through the water drop (with or
without bacterium) into the branch creating a wound. Concentration of bacterial
suspension was not measured but amounted to one culture plate per 200 ml. Plants
were placed in a complete randomized design in a greenhouse where they were hand
watered. The trial was repeated a second time on July 18, 2018 with five replicates.
Replicates of each cultivar were wounded with and without inoculum as before.
Sanitizers were used to prevent cross contamination. On September 25, 2018, both
trials were evaluated for the presence or absence of galls at the wound site.
Copper resistance trial
Copper products are commonly used to control bacterial diseases. Growers have
reported use of copper products to control BGL without noticeable control of the
disease, indicating the causal bacterium may have developed copper resistance. BGL
samples (n=19) were obtained from Loropetalum growers across the state and were
tested to determine their level of resistance to copper. Samples collected represent
plants with no copper products previously applied, plants subjected to copper products,
and plants with an unknown copper status due to their recent introduction to the
nursery.
To determine the level of copper resistance, the bacterium was isolated from gall
sections of each sample using PAF agar and pure cultures were prepared. DNA was
extracted from each isolate, amplified using primers IAALF/R, specific to the iaaL gene
of the species (3), sequenced, and compared to the type species from AL (GenBank
accession KM593980) to confirm the identity of P. savastanoi. Sucrose peptone agar
amended with different concentrations of CuSO4.5H2O (0.00, 0.16, 0.32, 0.48, 0.64,
0.80, or 0.96mM) were used along with P. syringae strain A1513 (which will grow on
0.80mM CuSO4.5H2O) and strain A1487 (which does not grow on 0.16mM
CuSO4.5H2O) as controls. Isolates and controls were streaked onto 10 replicates of
each copper concentration. Cultures were incubated at 28oC for 72 hours, and the
minimum concentration that prevented colony growth was recorded. Strains able to
grow on 0.32mM CuSO4.5H2O or greater were considered copper resistant. Tests were
repeated twice.
Phytotoxicity response to sanitizers in propagation
The effects of sanitizers used as a pre stick submersion were evaluated in plant
response to rooting. The objective of this study was to determine the maximum rate
and exposure time of hydrogen dioxide + peroxyacetic acid (Zerotol® 2.0) and sodium
hypochlorite (bleach) effects on rooting. Each sanitizer was evaluated separately in two
trials. A 3x3 factorial (concentration, time and concentration x time) was used in each
trial to determine the effects and potential interactions in rooting. On July 25, 2018, 3 in
(7.6 cm) firm cuttings of Loropetalum chinense ‘Ruby” were collected from plants in the
landscape. The concentrations of Zerotol® 2.0 were a 0.3, 1.0 and 2.0 % solution with
a 1, 3 or 6-minute complete submersion before sticking into fifty square cell (90 ml cell)
inserts (T.O Plastics Inc., Clearwater, MN) in a 1:1:1 perlite: peat moss: vermiculite
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substrate. Each treatment utilized 25 replicates arranged in a complete randomized
design. Trays were placed under mist in a climate controlled greenhouse. Cuttings
were harvested on September 13, 2018, 80 days after sticking. The second trial was
also a 3x3 factorial but used a bleach (sodium hypochloride 6%) solution with
concentrations of 10, 25, and 33% and submersion times of 1,3, and 6-minutes. Plants
were rinsed for 5 seconds under municipal water after being submerged in the bleach
solution. The trial was initiated on July 3, 2018 and was terminated 90 days after
sticking (October 3, 2018). At termination, roots were rated using 1 to 4 quality scale (1
= poor with few roots, 2 = poor with moderate roots, 3 = good with medium root volume,
4 = good with full root system) immediately after rating, fresh weight of roots were taken
by slicing off roots from stem cutting with a sterilized razor knife.
Results and Discussion In the cultivar evaluations, no differences were observed
between the two trials (p > 0.4525). When the data were pooled no differences in
susceptibility to gall disease were observed among cultivars. (p = 0.3431). The cultivar
resistance trial did not reveal any promising results, as most inoculated varieties were
nearly 100% positive for gall development at the inoculation site (Figure 1). Many of the
non-inoculated plants also showed symptoms of gall. Fluorescent Pseudomonads are
known to thrive as epiphytes and disease pressure would have been high in the
overhead irrigated area where the study took place. Future studies should continue to
evaluate additional cultivars.
Results of the copper resistance screening, revealed that 4 of the 19 isolates were
identified as copper resistant. These copper resistant isolates represented only the
plants that were known to be subjected to copper products. These results indicate that
repeated copper applications may lead to copper tolerance. Currently there are few
alternative chemical options available for rotation to prevent copper resistance.
In propagation study, rooting percentages were nearly 100% for both ZeroTol® 2.0 and
bleach solutions. The control was omitted so a factorial analysis could be performed as
no differences were detected between the control and any of the simple effects for both
sanitizers. No interaction was found between concentration and submersion time for
Zerotol® 2.0 or bleach solutions. No differences were found in root weight in the main
effect of submersion times for both of Zerotol® 2.0 or bleach. No differences were
found in the main effect concentration for Zerotol® 2.0; however, the 25% bleach
solution produced cuttings with 40% greater root weight than the 33% solution. The
10% solution produced cuttings similar to both the 33 and 25% solutions. No
differences were detected across all effects for both Zerotol® 2.0 and bleach solutions
in root quality rating. Future work will include repeating both trials and evaluation of
other sanitizers. Collaborators from USDA ARS are currently working on efficacy of
these sanitizers on BGL.
Some growers have opted out of growing the crop in an effort to mitigate risk but many
growers are able to grow clean crops through proper sanitation. Currently we are
recommending copper treatments in the spring especially after pruning or any potential
damage like bark splitting from freeze damage. Other research projects to be initiated
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in 2019 include, copper product evaluations, growth regulators to reduce pruning and
continuation of the propagation and cultivar trials.
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Table 1. Results from two way analysis of variance for ZeroTol® 2.0 concentration and
submersion time.
ZeroTol® 2.0 (P value)
Bleach (P value)
ANOVA:
Weight
Rating
Weight
Rating
Concentration
0.465
0.9646
0.0975
0.7037
Submersion time
0.194
0.3618
0.0796
0.1004
Concentration x Time
0.215
0.2247
0.6329
0.4972

Minutes
1
3
6

Main effect: Submersion time
ZeroTol® 2.0
Bleach
Weight (g)
Rating
Weight (g)
Z
117 A
2.6 A
148 A
104 A
2.4 A
219 A
92 A
2.4 A
210 A

Rating
2A
2A
2A

Main effect: Concentration
ZeroTol® 2.0
%
Weight (g)
Rating
0.3
96 A
2.6 A
1
114 A
2.4 A
2
104 A
2.4 A
Z
LS-means with the same letter are not significantly different

%
10
25
33

Bleach
Weight (g)
148 A
219 A
210 A

Rating
2A
2A
2A

114

SNA Research Conference Vol. 63 2019

Utilization of Plant Endophytes for Control of Boxwood Blight
Ping Kong and Chuanxue Hong
Hampton Roads Agricultural Research and Extension Center, Virginia Tech
1444 Diamond Springs Road, Virginia Beach, VA 23455
pkong@vt.edu
Index Words Boxwood, boxwood blight, endophytes, biocontrol
Significance to Industry Boxwood blight caused by Calonectria pseudonaviculata
(Cps) is a devastating disease affecting not only private and public gardens but also
nursery, landscape and plant retail industries (1). The disease spreads fast and has
been found in 28 states including all southern states except AL, AR, MS, OK and TX
since it was first reported (2, 3). Due to the lack of resistant cultivars, eradication is often
the only option when chemical fungicides and cultural practices fail to control the
disease. Economic losses are enormous and a sustainable, effective and
environmentally friendly alternative control method is urgently needed. Some
endophytes that were recently isolated from boxwood effectively suppressed the Cps
pathogen and boxwood blight disease and show great potential for fulfilling this need.
Nature of Work Endophytes are microorganisms that reside within various tissues of
the host plant in a commensal or beneficial manner (4). Endophytes have received
considerable attention for their potential as ideal biocontrol agents because of their
abilities to promote plant growth and yield and to suppress plant pathogens (5, 6).
However, none have been evaluated for control of boxwood diseases.
In this study, two boxwood endophytic strains SSG and SW belonging to Burkholderia
cepacia complex and Psuedomonas lacits, respectively which inhibited Cps culture
growth in dual culture assays were isolated and investigated for boxwood blight control.
The isolates were grown in nutrient broth at 28 °C for 40 hours then centrifuged and
resuspended in 0.01% Tween 20. Cps conidia were harvested from a 4-day old culture
in fresh potato dextrose broth as described previously (7). Experiments were conducted
with Buxus sempervirens 'Justin Brouwers' in 6-inch pots placed in plastic containers in
the laboratory at 23 °C with a 9/15 h light/dark cycle. Plants were treated by spraying
the foliage with 50 ml of a bacterial suspension at 108 CFU/ml or with 0.01% Tween
without bacterial cells as the control. The containers were covered for one day to
maintain humidity then uncovered for two days. The treated plants were then inoculated
with Cps by spraying 20 ml of a conidia suspension at > 104 /ml and containers were
covered for 2 days. Three days after removing lids from containers (5-day post
inoculation (dpi) with Cps) disease incidence was assessed as the percentage of
diseased leaves. Each experiment included three treatments containing three replicate
plants arranged in a randomized complete block design and was repeated twice.
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Experimental results were analyzed using data analysis functions in Excel. Means were
separated by the least significant difference (LSD) at P ≤ 0.05.
Results and Discussion Very good protection against boxwood blight was observed
in plants treated with the endophytes SSG and SW (Fig. 1). Disease incidence in both
treatments was significantly lower than the control (P < 0.0001) (Fig. 2). Between them,
the efficacy of SSG was higher than SW, reducing disease by 99.6 % and 72 %,
respectively. The efficacy of both isolates is higher than those of the recently reported
bacterial and Trichoderma isolates from irrigation water and wild mushroom which
reduced boxwood blight by about 60% (8, 9). Treatment with SSG provided nearly
perfect protection for the highly susceptible boxwood cultivar tested. This efficacy for
boxwood blight has never been reported for any currently available biofungicides which
ranged from 0 to 44%; most of them were less than 10% (10). The efficacy of SSG is
comparable to the chlorothalonil-based fungicide, Daconil (10, 11). Since SSG and SW
are bacterial endophytes, their efficacy may persist throughout the production and trade
process and continue into the landscape. Both endophytes, especially SSG, show great
promise for biofungicide innovation and may be valuable components in the boxwood
blight control tool box.
Acknowledgements This research was supported in part by Horticultural Research
Institute Fiscal Year 2018 grant (#26346537). The author is thankful to Saunders
Brothers Nursery for providing boxwood plants used in this study.
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Figure 1. Symptoms on pretreated Buxus semperveriens " Justin Brouwers" 7 days
after inoculation with Calonectria pseudonarviculata.

Figure 2. Boxwood blight incidence on pretreated plants.
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Management of Cercospora Leaf Spot of Hydrangea with Fungicides and
Biorational Products
Fulya Baysal-Gurel and Terri Simmons
Otis L. Floyd Nursery Research Center
Tennessee State University
McMinnville, TN 37110
fbaysalg@tnstate.edu
Index words Hydrangea, Cercospora leaf spot, fungicide and biorational products,
Cercospora hydrangea
Significance to Industry The appearance, health, and market value of hydrangea can
be significantly influenced by the impact of different diseases. Cercospora leaf spot
(Cercospora hydrangea) is a destructive leaf disease of hydrangea in landscape and
nurseries which can affect most of the hydrangea varieties. Low-maintenance
landscape plantings are most susceptible to get this disease. On the bigleaf hydrangea
(Hydrangea macrophylla) these spots turn light gray in color and are surrounded by a
brown or purple halo. On the oakleaf hydrangea ((H. quercifolia) these spots appear
angular in shape and are dark brown to purple in color. Fallen infected leaves are the
main source of the causative fungus spores. These spores can spread very easily by
wind and overhead irrigation. The following management systems such removing
infected leaves, applying nitrogen containing fertilizer and surface watering (such as
drip irrigation) can be used to reduce this disease level (1). Fungicides can be effective
when first sign of leaf spots are observed. Multiple applications are needed for effective
control of Cercospora leaf spot with a fungicide. Biorational products have gained
increased attention of end-users for their environmental benefits and short worker reentry interval. The rationale of this work is to present efficacy test results for hydrangea
Cercospora leaf spot management to help nursery growers to make proper
management decisions about fungicides and biorational products to use on their
production.
Nature of Work Hydrangea is one of the most economically important nursery crops in
the United States, with sales topping $120 million in 2014 (2). Hydrangeas are popular
ornamental plants in both home gardens and commercial settings. Cercospora leaf spot
is one of the most economically important diseases in container and field grown
production of hydrangeas. Various products including fungicides and biorational
products are available or in development that have the potential to contribute to the
management of Cercospora leaf spot.
The objective of this study is to test the efficacy of biorational products and fungicides to
control Cercospora leaf spot of hydrangea. Hydrangea (Hydrangea macrophylla)
‘Zaunkoenig’ x ‘Princess Juliana’ plants were potted in No. 5 nursery containers filled
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with 100% pine bark substrate, which was amended with 0.48 lb of 19-5-9 Osmocote®
Pro controlled release fertilizer, 0.06 lb of Micromax® micronutrient fertilizer, 0.04 lb iron
sulfate and 0.01 lb Epsom salt per cubic feet of mix. Plants received additional 2.5 oz of
19-5-9 Osmocote® Pro in Apr and Jul. Four single-plant replications per treatment were
arranged in a randomized complete block design outdoor under 56% shade at the Otis
L. Floyd Nursery Research Center in McMinnville, TN (USDA Hardiness Zone 7a).
Plants were irrigated for 3 minutes twice a day in Jun and for 4 minutes twice a day in
Jul using micro bubbler emitters installed on short stakes. Treatments were Orkestra
Intrinsic, Mural, Strike plus, ZeroTol, GreenClean Pro, Regalia, Mildew Cure and Triact.
They were applied to run-off using a backpack CO2-pressurized sprayer on a 7- or 14day interval beginning on 21 Jun and ending on 5 Jul. Severity of Cercospora leaf spot
resulting from natural infections and phytotoxicity were determined on 22, 24, 26 and 28
Jun; 5 and 12 Jul and were expressed as the percentage of foliage area affected. The
area under the disease progress curve (AUDPC) was calculated according to the
formula: ([(xi+xi-1)/2](ti-ti-1)) where xi is the rating at each evaluation time and (ti-ti-1) is
the number of days between evaluations. Plant quality/acceptability was evaluated on
12 Jul using a scale of 1-9 where 1 is dead, 6 is commercially acceptable and 9 is a
perfect plant. Average maximum temperatures for 21-30 Jun and 1-12 Jul were 90.0
and 88.8ºF; average minimum temperatures were 67.9 and 68.8ºF; and total rainfall
was 1.65 and 2.33 in., respectively. Analysis of variance was performed using the
general linear models procedure with SAS statistical software and means were
separated using Fisher’s LSD test.
Results and Discussion Cercospora leaf spot disease pressure was moderate to high
in this trial with non-treated control plants showing 55.0% disease severity by 12 Jul
(Table 2) and nearly 7.5% defoliation (data not shown). All of the treatments significantly
reduced Cercospora leaf spot severity and area under the disease progress curve
(AUDPC) throughout the experiment compared to the non-treated control. The
treatments that most effectively reduced Cercospora leaf spot severity and the
progression of disease were Orkestra Intrinsic, Regalia, Mural, GreenClean Pro and
Mildew Cure. Phytotoxicity was observed as necrotic flecks and streaks on foliage of
plants treated with GreenClean Pro (22.5%; data not shown). Non-treated control,
GreenClean Pro and Triact-treated plants were not commercially acceptable due to
disease severity or phytotoxicity at the end of the experiment (data not shown).
An integrated approach should be used to control Cercospora leaf spot in the nursery
production. Results of this experiment indicate that fungicides Orkestra Intrinsic and
Mural, and biorational products Regalia, GreenClean Pro and Mildew Cure provide
control of Cercospora leaf spot. Nursery producers could benefit from using those
fungicides and biorational products in a rotation plan to control Cercospora leaf spot in
hydrangeas.
Acknowledgements This work was funded by Tennessee State University, Otis L.
Floyd Nursery Research Center.
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Table 1. Treatments, active ingredients and rates.
Treatment
Active Ingredient(s)

Rate/A

Orkestra Intrinsic SC

Fluxapyroxad + Pyraclostrobin

6 fl oz/100 gal

Mural 45WG

Azoxystrobin + Benzovindiflupyr
Triadimefon 1-(4-Chlorophenoxy)-3,3dimethyl-1-(1 H-1,2,4-triazol-1-yl)-2butanone
Hydrogen dioxide + Peroxyacetic acid
Sodium carbonate peroxyhydrate
Reynoutria sachalinensis

7 oz/100 gal

Strike plus 50WDG
ZeroTol 2.0
GreenClean Pro
Regalia SC
Mildew Cure
GreenCure
Triact 70EC

2.4 oz/100 gal

Cotton seed oil, corn oil, garlic oil
Potassium bicarbonate

2%
6 lb/100 gal
1%
1.5 fl oz/gal
50 oz/100 gal

Clarified hydrophobic extract of neem oil

2%
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Table 2. Effect of biorational products and fungicides on severity of Cercospora leaf
spot disease on hydrangeas.
Cercospora leaf spot
Application
Treatment and rate
Mean
severity
dates*
AUDPC
(%)(12 Jul)
Orkestra Intrinsic SC 6 fl oz/100 gal
1, 3
9.4 f**
142.0 f
Mural 45WG 7 oz/100 gal
Strike plus 50WDG 2.4 oz/100 gal
ZeroTol 2.0 2% (v/v)

1, 3
1, 3
1, 2, 3

14.4 ef
17.5 cde
22.5 bcd

240.2 def
289. 6 cde
332.7 bcd

GreenClean Pro 6 lb/100 gal

1, 2, 3

16.3 def

251.5 def

Regalia SC 1% (v/v)

1, 2, 3

11.9 ef

198.4 ef

Mildew Cure 1.5 fl oz/gal

1, 2, 3

16.9 c-f

265.6 def

GreenCure 50 oz/100 gal

1, 2, 3

24.4 bc

399.3 bc

Triact 70EC 2% (v/v)

1, 2, 3

29.4 b

447.3 b

Non-treated control
55.0 a
783.4 a
Application dates: 1=21 June; 2=28 June; 3=5 July.
**
Values are the means of four replications; treatments followed by the same letter within
a column are not significantly different at P0.05.
*
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Evaluation of Fungicide Rotations at Different Application Intervals for the
Control of Powdery Mildew of Dogwood
Fulya Baysal-Gurel and Terri Simmons
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Index words Cornus florida, powdery mildew, fungicide, Erysiphe pulchra
Significance to Industry Powdery mildew is one of the most important diseases of
dogwood (Cornus spp.) in containerized or field nursery, forestry and landscape settings
since 1994 (1). There are two powdery mildew species that have been reported to infect
dogwoods; Erysiphe pulchra, which is the more prevalent species, and Phyllactinia
guttata (2). This disease is one of the most destructive diseases of flowering dogwood
(C. florida L.) plants. In Tennessee, powdery mildew is most commonly found in late
May until the first frost (3). When humidity is high, but the leaves are not wet, it is ideal
circumstances for powdery mildew growth on dogwoods. Powdery mildew on dogwood
can be managed easily with a variety of options. Variations in powdery mildew disease
susceptibility occur within Cornus species, hybrids and cultivars. To control powdery
mildew on susceptible dogwoods it is important to begin making preventive fungicide
applications, when the weather or environmental conditions are conducive to disease
development.
The rationale of this work is to present evaluation results of fungicide rotations at
different application intervals for dogwood powdery mildew management to help nursery
producers to make proper management decisions about fungicide rotation program.
Nature of Work Powdery mildew may cause cosmetic damage that cause chlorosis,
reddish-brown patches, reduce growth by attacking tender shoots and leaf surfaces,
premature defoliation, and flower blight. High relative humidity, moderate temperatures,
and low light intensities favor disease development. When these conditions occur, the
white, powdery appearance on plant foliage may develop. Powdery mildew spreads
very quickly, with masses of conidia produced from each new infection. Therefore,
preventative fungicide applications in a rotation are critical to control powdery mildew.
Pathogen resistance to fungicides is well known and the performance of many
fungicides has been affected to some degree by pathogens developing resistance. So,
developing a fungicide rotation program using different modes of action, as indicated by
their respective FRAC codes, is an important action in limiting risk of fungicide
resistance development.
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The objective of this study is to evaluate fungicide rotations at different application
intervals for flowering dogwood powdery mildew management. Flowering dogwood (C.
florida) cultivar ‘Cherokee Princess’ seedlings were potted in no. 1 nursery containers in
Morton’s no. 2 Grow Mix on 16 May. Each plant was top-dressed with 0.5 oz of 18-6-12
Osmocote Classic controlled release fertilizer. Ten single-plant replications per
treatment were arranged in a randomized complete block design in a greenhouse at the
Otis L. Floyd Nursery Research Center in McMinnville, TN. Flowering dogwood plants
were watered with a drip irrigation system two times per day for 5 minutes. The initial
fungicide application was made after observing the first symptoms of powdery mildew
disease. Treatments were applied in a 14 or 21-day rotation program to run-off using a
backpack CO2-pressurized sprayer at 40 psi beginning on 8 Jun and ending on 10 Aug
(Table 1). Control plants were sprayed with water. The severity of powdery mildew was
evaluated on 15, 22 and 29 Jun; 6, 13, 20 and 27 Jul; 3, 10 and 17 Aug using a scale of
0-100% foliage area affected, and the area under the disease progress curve (AUDPC)
was calculated according to the formula: ([(xi+xi-1)/2](ti-ti-1)) where xi is the rating at
each evaluation time and (ti-ti-1) is the number of days between evaluations. Plant
quality was evaluated on 17 Aug using a scale of 1-9 where 1 is dead, 6 is commercially
acceptable and 9 is a perfect plant. Plant height and width were measured on 8 Jun
and 17 Aug. Average maximum temperatures for 8-30 Jun, 1-31 Jul and 1-17 Aug were
80.2, 83.6 and 83.2ºF; average minimum temperatures were 61.0, 65.7 and 64.5ºF,
respectively. Analysis of variance was performed using the general linear models
procedure with SAS statistical software and means were separated using Fisher’s least
significant difference test.
Results and Discussion Powdery mildew infection occurred naturally in the
greenhouse and disease pressure was moderate; the final (17 Aug) mean disease
severity rating was 32.3% in the non-treated control plants (Table 2). Both fungicide
rotation programs significantly reduced powdery mildew severity and disease progress
compared to the non-treated control. The 14-day rotation program significantly reduced
powdery mildew severity and disease progress compared to the 21-day rotation
program. Plant width was not significantly different among treated plants on a 14-day
schedule or 21-day schedule and non-treated control plants on 17 Aug. The 14-day
rotation program resulted in a significantly greater plant height compared to the nontreated control. Phytotoxicity was not observed in any of the treated dogwood seedlings.
Non-treated control plants were not commercially acceptable due to disease at the end
of the experiment; however, all treated plants were commercially acceptable or better
(data not shown).
To control powdery mildew diseases, it is important to begin making preventive
fungicide applications when the weather or environmental conditions are conducive to
disease development. Typically spray applications are made on a 7- , 14- or 21-day
interval, depending upon the level of disease pressure. The spray rotation program
tested here worked better at 14-day spray application intervals compared to the 21-day
interval for the control of powdery mildew of flowering dogwood. By incorporating
products that have both translaminar and systemic activity in fungicide rotation with
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other protectant fungicides, nursery producers can likely extend their treatment interval
while maintaining good protection.
Acknowledgements This project was partially funded by USDA-NIFA Evans Allen. We
thank Syngenta for donating the fungicide products used in this study.
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Table 1. Powdery mildew control- spray rotation program on flowering dogwood.
Spray
FRAC
Treatment and rate/ 100 gal
Active ingredient
interval
Code
(days)
14
Mural 45WG 7 oz
benzovindiflupyr + azoxystrobin 11 + 7
alt Palladium WDG 6 oz
cyprodinil + fludioxonil
9 + 12
alt Concert II 4.3SE 35 fl oz
chlorothalonil + propiconazole
3 + M05
alt Palladium WDG 6 oz
cyprodinil + fludioxonil
9 + 12
Mural 45WG 7 oz
alt Palladium WDG 6 oz
alt Concert II 4.3SE 35 fl oz
alt Palladium WDG 6 oz

benzovindiflupyr + azoxystrobin
cyprodinil + fludioxonil
chlorothalonil + propiconazole
cyprodinil + fludioxonil

11 + 7
9 + 12
3 + M05
9 + 12

21

Non-treated control
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Softwood and Semi-Hardwood Cutting Propagation of Shumaka™ Crape Myrtle
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Christine Coker, Gary Bachman, Jim DelPrince, and Anthony T. Bowden
Coastal Research and Extension Center, South Mississippi Branch Experiment Station,
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Index Words rooting, root-promoting compounds, auxin, IBA, NAA, Lagerstroemia
Significance to Industry Rooting responses, root quality ratings, and initial growth did
not show differences among cuttings of Shumaka™ ‘CREC-0052’ crape myrtle treated or
not treated with selected auxin formulations. Evaluation of possible stem position influence
on cuttings was also examined. Position 1 was located at the site of attachment to the
parent plant and positions 2-4 continued toward the branch tip. When no auxin was
applied, both stem positions 3 and 4 rooted 100%. These results suggest that softwood
and semi-hardwood cuttings of Shumaka™ crape myrtle will root regardless of stem
position or use of auxin.
Nature of Work Crape myrtles, Lagerstroemia species and hybrids, are considered a
staple in many southern landscapes (8). With many cultivars flowering for more than 100
days, crape myrtle provides an aesthetically appealing landscape element with a diverse
color palette (2,5). Mississippi State University has been active in developing new crape
myrtle selections, including Shumaka™. Shumaka™ is a hybrid resulting from crossing
Lagerstroemia ‘Arapaho’ (6) and an unknown pollen donor. Shumaka™ has a very light
pink flower color and large growth habit. Three-year-old plants in a research setting are
20+ feet (6+ meters tall) and have flowered from early June through late August. The bark
is smooth to exfoliating, with outer bark that is grayish brown in color.
When releasing a new crape myrtle cultivar to nurseries for propagation and production,
understanding how to most efficiently propagate it can aid bringing the plant to market.
Propagation of crape myrtle via softwood or hardwood cuttings is widely described as easy
(2,3). Wade and Woodward (7) state that propagation of crape myrtle is easiest when
using semi-hardwood cuttings from new growth. Byers (2) used 8-inch (20-cm) hardwood
cuttings taken after frost and stored overwinter. Dirr and Heuser (3) reported hardwood
cuttings from early February rooted better (43%) than those cuttings taken in early January
or early March when using bottom heat and peat: perlite or bark. Nursery propagation
scheduling and rooting performance determine whether to propagate hardwood, softwood
or semi-hardwood cutting. Easy-to-root crops like crape myrtle can be scheduled around
crops that have more complicated propagation requirements. To assess the best way to
propagate Shumaka™, two studies were conducted. Study 1 evaluated the optimal
commercial auxin formulation and concentration and basal wounding for hardwood cutting
propagation and Study 2 evaluated the optimal commercial auxin formulation and
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concentration and impact of cutting stem position for softwood and semi-hardwood cutting
propagation of Shumaka™. This paper will discuss results from Study 2. The objective of
this research was to evaluate ease of rooting and determine optimal commercial auxin
formulation and concentration as well as optimal stem position for spring cutting
propagation of Shumaka™.
Five-inch (12.7-cm), 3-4 node medial cuttings were harvested from the parent plant and
stuck to a depth of 1-inch (2.5-cm) on 30 April 2018. Propagation medium was 100%
perlite placed in 2.5-inch (6.35-cm) containers. Cuttings were placed under intermittent
mist applied for 10 sec every 30 min for daylight hours. Treatments included four stem
position treatments (with position 1 beginning at site of attachment to parent plant) (Figure
1), two auxin formulations [Hortus IBA Water Soluble Salts™ (Hortus IBA) or Dip’N Grow®
(DNG)] and three levels of auxin [0, 500, or 1000 ppm Indole-3-butyric acid (IBA)]. DNG
also contains 1-Naphthaleneacetic acid (NAA) at one-half the rate of IBA. Experimental
design was a randomized complete block design with five single cutting replications. Data
collected after 60 days included rooting percentage, growth index (new shoots), cutting
quality (0-5, with 0=dead and 5=transplant-ready cutting), total root number, average root
length (of three longest roots), and root quality (0-5, with 0=no roots and 5=healthy,
vigorous root system). Data were analyzed using linear mixed models and generalized
linear mixed models with the GLIMMIX procedure of SAS (ver. 9.4; SAS Institute Inc.,
Cary, NC).
Results and Discussion F-tests indicated that rooting percentages, number of roots,
average length of three longest roots, rooting quality, cutting quality, and growth indices
were similar (Table 1). When no auxin was applied, both stem positions 3 and 4 resulted in
100% rooting. These results suggest that softwood and semi-hardwood cuttings of
Shumaka™ crape myrtle will root regardless of stem position or use of auxin.
Rooting percentages for Shumaka™ averaged 90% for cuttings that did not receive auxin
and 84% across all treatments, while Dirr and Heuser (3) reported 90 to 100% rooting for
softwood cuttings treated with a 1000 ppm IBA solution. Dirr and Heuser (3) also observed
that ‘Tuscarora’, ‘Natchez’, and ‘Muskogee’ softwood cuttings treated with no auxin had
similar rooting percentages when compared to cuttings treated with 1000 ppm IBA
solution; these rooting percentage results were similar to those observed in this study.
However, the auxin treated cuttings showed a superior root quality (number and length)
when compared to the cuttings treated with no auxin (3). It was observed in this study that
there were no statistical differences for the root quality factors (number and length) when
comparing cuttings treated with no auxin to cuttings treated with auxin. Blythe et al. (1)
reported greater than 90% rooting, when using DNG at a rate of 1000 ppm IBA +500 ppm
NAA for ‘Natchez’ crape myrtle; these results were similar rooting percentages compared
to those observed in this study. Differences in rooting percentages may be due to
differences in cultivars evaluated or cultural conditions of the parent material (4). Total
number of roots for Shumaka™ were very similar to total number of roots reported for
‘Natchez’ dipped in DNG at a rate of 1000 ppm IBA +500 ppm NAA (1). The total number
of roots for Shumaka™ averaged 2.4 more than those reported for ‘Natchez’ crape myrtle
cuttings (1).
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This study indicated that softwood and semi-hardwood cuttings of Shumaka™ crape
myrtle may be successfully rooted without the use of auxin. Growing easy-to-root species,
like crape myrtle, that do not require the use of auxin can benefit propagation nurseries
financially and in management practices. Plant production without the use of auxin can
provide a savings in output costs spent on auxins, labor costs, and reduction in plant
production time.
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Table 1. Summary of results using selected treatment combinations on rooting percentage, root number, average length of three longest roots,
root quality, cutting quality, and growth of softwood and semi-hardwood cuttings of Shumaka™ crape myrtle.
Root
Rooting
Roots
Avg. length of
quality
Cutting quality
Growth
y
x
w
Treatment
(%)
(no.)
3 longest roots (cm)
rating
rating
index
Stem Pos. 1 control
80
7.3
9.7
2.4
1.7
7.6
®
Stem Pos. 1 Dip’N Grow 500 ppm
100
3.2
8.3
1.5
0.6
3.9
®
Stem Pos. 1 Dip’N Grow 1000 ppm
20
9.0
9.2
1.6
1.1
4.8
™
Stem Pos. 1 Hortus IBA 500 ppm
40
11.0
12.8
2.4
1.4
7.2
™
Stem Pos. 1 Hortus IBA 1000 ppm
100
7.2
11.6
2.4
1.3
5.7
Stem Pos. 2 control
80
5.0
12.0
2.5
1.6
7.4
®
Stem Pos. 2 Dip’N Grow 500 ppm
100
2.6
10.9
2.5
1.5
5.6
®
Stem Pos. 2 Dip’N Grow 1000 ppm
80
5.0
13.5
2.3
0.8
3.1
™
Stem Pos. 2 Hortus IBA 500 ppm
100
4.2
10.2
2.2
0.7
4.2
™
Stem Pos. 2 Hortus IBA 1000 ppm
100
4.0
10.5
2.4
0.7
3.9
Stem Pos. 3 control
100
3.6
9.8
2.5
1.4
5.6
®
Stem Pos. 3 Dip’N Grow 500 ppm
80
6.3
8.8
2.2
0.6
3.4
®
Stem Pos. 3 Dip’N Grow 1000 ppm
100
6.4
13.6
2.5
0.3
2.4
™
Stem Pos. 3 Hortus IBA 500 ppm
80
6.5
11.4
2.3
1.8
5.8
™
Stem Pos. 3 Hortus IBA 1000 ppm
80
5.5
12.5
2.1
1.3
4.8
Stem Pos. 4 control
100
2.2
12.1
1.8
0.8
4.0
®
Stem Pos. 4 Dip’N Grow 500 ppm
60
7.0
13.3
4.2
0.2
2.2
®
Stem Pos. 4 Dip’N Grow 1000 ppm
80
7.3
7.1
2.4
0.0
2.1
™
Stem Pos. 4 Hortus IBA 500 ppm
100
2.2
7.7
2.3
1.5
4.8
™
Stem Pos. 4 Hortus IBA 1000 ppm
100
1.8
11.0
2.2
1.2
3.5
Significance (F-test p-value)

0.6604

0.0414*

0.6006

0.8504

0.6729

0.0668

y

Root quality (0-5, with 0=no roots and 5=healthy, vigorous root system).
Cutting quality (0-5, with 0=dead and 5=transplant ready cutting).
w
Growth index=(width1+width2+height)/3.
*Although the F-test p-value for root no. was < 0.05, p-values were ≥ 0.05 for all treatment comparisons of interest (adjusted for simultaneous
comparisons).
x
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Figure 1. Location of stem positions along branch used for Shumaka
hardwood cuttings.

TM

crape myrtle softwood and semi-
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Using a Modified Hydroponic System for Cutting Stock Plants
Robert L. Geneve and Sharon T. Kester
University of Kentucky, Department of Horticulture, Lexington, KY 40546
rgeneve@uky.edu
Index Words Minicuttings, eastern redbud, Cercis canadensis, propagation
Significance to Industry Budding and micropropagation are the typical clonal
propagation methods for difficult-to-root nursery crops. These methods can be more
time consuming and expensive that cutting propagation. The forestry industry has
adopted a commercially viable hydroponic stock plant strategy for difficult-to-root
species that emphasizes plant nutrition and juvenility to establish cuttings that root at
high percentages. A similar system could be established for difficult-to-root nursery
crops.
Nature of Work Cutting propagation is a major propagation method for the nursery
industry, but there is very little stock plant management compared with the floriculture
and forestry industries. Stock management of many herbaceous annual and perennials
plants for cutting production has become a very specialized practice with significant
production occurring outside the U.S. Its stock plant management is characterized by
starting with initially clean disease-free clonal material that is produced in containers
under strict nutritional management. For woody plants, a selected number of deciduous
forestry trees have been clonally propagated by selecting juvenile starting material for
stock plants and then managing stock plants using a modified hydroponic system to
optimize stock plant nutrition.
The forestry industry has moved into commercial clonal production for several difficultto-root crop species including Eucalyptus and some conifers (Assis, 2011; Chinnaraj
and Malimuthu, 2011). The industry has been very successful with this approach,
propagating large quantities of rooted cuttings for planting-out each year. There are
three basic stock plant management principles that have allowed for consistent (>90%)
cutting success. These include initial selection of juvenile material (stump sprouts,
lignotubers or tissue culture), managed stock plant nutrition using a modified hydroponic
system, and consistent, timely removal of cuttings to keep cutting wood from maturing.
This procedure has been termed “minicuttings” and they result in vigorous rooted
cuttings that have better root systems compared to traditional cuttings (Cliffe, 2010).
These stock plants produce vigorous managed shoot growth that yield cuttings that
consistently root when taken as minicuttings.
The objective of this research was to develop a modified hydroponic system for
minicutting production using eastern redbud as a model system. Eastern redbud makes
a good model system because in addition to juvenile seedlings, eastern redbud cultivars
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available from tissue culture present a good juvenile stage starting material for a
minicutting stock plant program. In addition, although eastern redbud is difficult-to-root
from cuttings, it does show rooting potential during a brief window of time during the
growing season.
Plant material: Juvenile eastern redbud (Cercis canadensis) plants were raised as
seedlings. Mature clones were established as hedged stock blocks at the University of
Kentucky research station.
Stock plant production system: Stock plant production systems were established for
minicutting production in sand beds and coir bags. Each were irrigated with a modified
hydroponic nutrient solution using an automated timing system. Initial experiments
compared full-strength with half-strength nutrient solution for stock plant growth. In
addition, clonal plants purchased as grafted material were established in hedged stock
blocks in field beds. Stock plants were pruned every three weeks two three nodes.
Cutting propagation: Terminal cuttings were rooted under mist. Cuttings were treated
with IBA concentrations ranging from 0 to 15,000 ppm as a quick dip. Cuttings were
evaluated for rooting percentage, number of roots per cutting.
Results and Discussion Stock plants grow vigorously in the modified hydroponic sand
beds. It was determined that plants responded equally well when irrigated at full or halfstrength nutrient solutions (Fig. 2). Subsequently, all sand beds were moved to halfstrength fertilizer solutions. Stock plants in sand beds have gone through serial rounds
of pruning and entering the second year of production, cuttings have been available
every three weeks.
A dose response to auxin using seedlings or clonal cuttings from hedged stock plants
indicated that cuttings responded to 10,000 and 15,000 ppm auxin as a quick dip.
Rooting was very similar for cuttings taken from greenhouse and field-grown stock
plants (Fig. 3). Seedling and rootstock cuttings were easier to root compared to cuttings
from clonal plants. The highest rooting for clones was below 30%. Also, ‘Oklahoma’
cuttings consistently rooted at lower percentages than ‘Appalachian Red’.
Cutting wood maturity appears to be important for rooting in redbud cuttings. Cuttings
taken as short minicuttings did not root as well as those with hardened wood. In the
minicutting stage, leaves are very sensitive to desiccation injury. This contrasts with
work reported for Eucalyptus, where minicuttings rooted better than conventional size
cuttings. Continued research will evaluate whether this is a physiological rooting
response or sensitivity of redbud minicuttings to the rooting environment.
Acknolegements
This research is supported by a grant from the Horticultural Research Institute and
International Plant Propagator’s Society – Eastern Region.
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Figure 1. Sand bed production of stock plants. (A) Sand bed. (B) Stock plants after
several rounds of hedging. (C and D) System for pumping nutrient solution to sand
beds.
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Figure 2. Impact on nutrient solution rate on greenhouse-grown stock plant
development.

Figure 3. Rooting percentages for seedling and clonal redbud cuttings taken
greenhouse or field-managed stock plant plants.
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Figure 4. The impact of terminal minicuttings compared to older nodal cuttings.
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Plantlet Morphology and Fertilization Frequency Affect Growth and Productivity
of Micropropagated Turbinicarpus saueri ssp. ysabelae (Schlange) (Cactaceae)
after Transplanting
Andrés Adolfo Estrada-Luna1,2
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Index Words Turbinicarpus, tissue culture, in vitro propagation, massive propagation.
Significance to Industry Turbinicarpus saueri ssp. ysabelae (Schlange) is a
threatened cactus native to Mexico (1, 2). It is highly appreciated by collectors as
ornamental plant. However, little information is available in regarding to the biology of
the plant including reproductive aspects, culture conditions, fertilization, life cycle, etc.,
which limits its cultivation (1, 3). After establishing a micropropagation protocol, we
conducted this research in which the main objective was to study the effects of
fertilization and variations in plant morphology promoted by fasciation during in vitro
culture on plant survival, growth and performance after transplanting and
acclimatization. At the same time, we extended our study to investigate the time until
the plants reach maturation to evaluate productivity. The information reported here may
benefit the nursery and ornamental industry because we completed both a
micropropagation stage and the ex vitro cultivation and management of this species.
This may contribute to re-introduce and recover wild populations or for massive
commercial purposes. In general, we found that T. saueri ssp. ysabelae completed their
life cycle after 4 years of plantlet transfer from in vitro conditions to greenhouse. Plants
positively responded to fertilization. Typically, this species shows a monopodial growth,
however, through this protocol it is possible to produce plants with multiple shoots,
which may be an attractive ornamental trait.
Nature of Work In a previous research, we established a micropropagation protocol for
T. saueri ssp. ysabelae (Schlange) (4). For the acclimatization stage, we ran a factorial
experiment with a randomized design to assess the effects of the type of plantlet
regenerated (morphology levels: monopodial and multiple shoot plantlets) and the
frequency of fertilization (levels: once a month and once a week) on plant growth and
productivity. A total of 4 experimental treatments were evaluated. Plant fertilization was
performed with the Long Ashton Nutrient Solution (5). For the first year, all plants were
fertilized with 50mL of the nutrient solution (pH adjusted to 5.8). To set up the trial, 60
micropropagated plantlets with well-developed roots were selected for transplanting (n=
15 plantlets). Plantlets were carefully removed from the in vitro culture containers, and
the roots were washed with distilled water to eliminate agar residues. Plantlets were
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individually transferred to 2” plastic pots containing an artificial sterile substrate
composed by Peat Moss (PREMIER®), coarse sand, and organic fertilizer
(supplemented with plant growth promoting rhizobacteria, OrganoDel®) (3:3:1), and
was amended with dolomite (0.77 %) to adjust the pH at 6.8 ± 2. For plantlet
acclimatization, each pot was covered with a transparent polyethylene bag to create
high relative humidity conditions. Acclimatization took place in a greenhouse, in a
propagation bed covered with shade cloth to provide 400 µmol m -2 s-1 of PPFD for the
first 15 days. Then, the bags were gradually perforated with a punch machine to
produce small holes in the bag and allow air exchange and reduce the relative humidity.
After one month of transplanting, the bags were removed from the pots and the light
conditions were increased to 800 µmol m-2 s-1 of PPFD by changing the shade cloth.
Plantlets were irrigated with distilled water as needed to avoid dehydration and stressful
conditions.
After 12 months of cultivation we determined the percentage of survival and the plants
were transferred to 2 L capacity pots, which were filled with the same substrate. From
this time on, 100 mL of the nutrient solution per pot was applied for fertilization. The
experiment was extended for three more years (4 in total) until the plants matured,
bloomed and produced fruits and seeds. The experimental variables evaluated during
this stage included plant diameter, plant height, fruits per plant, and number of seeds
per fruit and seeds weight per fruit.
Results and Discussion After transplanting to ex vitro, acclimatization and one year of
greenhouse culture conditions the survival rate of the micropropagated plants was high
and no statistical differences were detected among treatments by the ANOVA. The life
cycle of micropropagated plantlets of T. saueri spp. ysabelae was completed 4 years
after transplanting, blooming and fruit set were recorded in all treatments. In regarding
to plant growth, the ANOVA detected significance in the interaction in data of plant
height and diameter, however, it was clear that the monopodial plantlets reached
considerable higher height than the plantlets with multiple shoots morphology. In
contrast to this, plants with abnormal morphology had considerable higher diameter as
the ones with normal morphology. Fertilization had the higher impact in plant growth
since both height and diameter increased with more frequent fertilization (Table 1).
In regarding to fruit and seed yields, the ANOVAs resulted significant for fertilization rate
in all the three experimental variables evaluated including number of fruits, number of
seeds per fruit and the seed weight (mg) per fruit. In addition to this, the plant
morphology was also significant for number of fruits. Our study showed that the fruit
number per plant was significantly enhanced by the weekly fertilization (46.7) in
comparison to the monthly fertilization treatment (34.2). Additionally, plants with multiple
shoot morphology were also more productive (14.0) than the ones showing monopodial
growth (6.33). The seed number per fruit and the seeds weight per fruit were
significantly increased by the higher fertilization rate in monopodial (76.3 and 47.10mg)
and multiple shoot plantlets (74.6 and 46.20mg) in comparison to the low fertilization
rate treatment (Table 2).
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Table 1. Effect of fertilization frequency and plant morphology on growth of
micropropagated plantlets of Turbinicarpus saueri ssp. ysabelae (Schlange)
(Cactaceae) after 4 years of ex vitro transplanting.
Fertilization Frequency

Plant
Plant
Plant Height Plant Diameter
Morphology Survival (%)
(mm)
(mm)
MoMo 
95  5
58.45  0.63
71.99  1,27
MSMo 
95  5
31.09  0.38
97.14  0.49
MoMo
100  0
105.86  1.22 103.87  1.36
MSMo
100  0
89.46  1.92 209.74  4.61

LoFe 
LoFe 
HiFe
HiFe
Significance:
Fertilization (Fe)
NS 
Plant Morphology (PlMo)
NS
Fe X Plo
NS

LoFe: Low Fertilization Frequency
HiFe: High Fertilization Frequency
MoMo= Plantlet with Monopodial Morphology

MSMo= Plantlet with Multiple Shoot Morphology

NS= Non significant
*= Significant (0.05)
**= Significant (0.01)
***= Significant (0.001) n=20

***
***
***

***
***
***
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Table 2. Effect of fertilization fequency and plant morphology on productivity of
micropropagated plants of Turbinicarpus saueri ssp. ysabelae (Schlange) (Cactaceae)
after 4 years of ex vitro transplantation.
Fertilization
Frequency

Seed
Plant
Fruit
Seed
Weight per
morphology Number/Plant Number/Fruit
Fruit (mg)
MoMo 
5.00  0.57 52.2  3.66 32.70  3.16
MSMo  11.00  1.15 54.2  0.73 35.70  1.12
MoMo
7.67  0.88 76.3  4.06 47.10  1.79
MSMo
17.00  1.15 74.6  2.71 46.20  2.09

LoFe 
LoFe 
HiFe
HiFe
Significance:
Fertilization (Fe)
***
***
Plant Morphology
***
NS
(PlMo)
Fe X Plo
NS
NS 

LoFe: Low Fertilization regime
HiFe: High Fertilization regime
NoMo= Plant with normal monopodic morphology

AbMo= Plant with abnormal multiple shoot morphology

NS= Non significant
*= Significant (0.05)
**= Significant (0.01)
***= Significant (0.001) n=20

Seed
Weight(mg)
0.63  0.02
0.66  0.01
0.62  0.02
0.62  0.02

***
NS

NS
NS

NS

NS
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Monitoring Container Water Loss and Gain with a Data-Logging Scale
Jeff Million and Tom Yeager
Dept. of Environmental Horticulture, Univ. of Florida, IFAS, Gainesville, FL
jmillion@ufl.edu
Index words evapotranspiration, irrigation, monitoring tool
Significance to the Industry A simple weighing system is described that provides
researchers and container nursery producers with a tool for measuring and monitoring
plant water loss and irrigation water gain over time. This information provides an
objective evaluation of irrigation effectiveness and can be used to adjust irrigation
schedules to maintain adequate container moisture levels without excessive leaching.
Nature of Work The ability to weigh container-grown plants provides a unique
opportunity to measure and monitor water loss and water gain during production. In this
paper we describe an off-the-shelf scale and data logger that can be left in the field to
continuously record container weights. With a short data-logging interval (e.g., 5
minutes), very detailed information can be gleaned from collected weight data. We will
provide examples of how this data can be used to measure daily water loss as well as
provide examples of how the data can be used to monitor irrigation effectiveness. Our
intent is to provide researchers and producers with another tool to objectively evaluate
water relations during plant production in containers.
Materials and Methods For our examples, we used a 15-kg bench scale for weighing
trade 1-gallon and 3-gallon containers and a 60-kg bench scale for weighing trade 7gallon and 15-gallon containers. The 15-kg scale (HV-15KG-NC; A & D Engineering,
San Jose, CA) had a 10”x10” pan and the 60-kg scale (HV-60KG-NC; A & D
Engineering, San Jose, CA) had a 13”x17” pan. These scales typically are ordered with
a display mounted on a column attached to the pan. We chose the “no column” option
so that the display could be housed in a water-proof tote. The wire connecting the load
cell under the pan to the display was 6 feet which allowed some flexibility in placing the
tote in the field. For logging weight data, we used a USB-logger (AD-1688; A & D
Engineering, San Jose, CA) which could record weights at intervals ranging from 1
second to 1 hour. While the display could be powered with 120VAC, six D batteries
provided 10-14 days of data recording in the field.
When conducting irrigation trials at nurseries, we place at least one scale in the
irrigation zone to monitor water relations. From these trials, we selected a few examples
of weight data to provide a glimpse of how the recorded weight data can be useful when
monitoring irrigation. For discussion, we will show how 1) container evapotranspiration
(ET) can be measured, 2) trends in container weights can reveal under-watering and
over-watering, 3) excessive irrigation can be revealed, and 4) weights following rainfall
can be used to establish a baseline for container capacity.
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Discussion Measuring container ET Determining how much water a container loses
during the day can be very useful. The weight of water loss can be converted to an
equivalent depth of water when comparing water loss to irrigation amounts being
applied. As an example, the measurement of water loss was recorded for a sprinklerirrigated ‘Burfordii’ Chinese holly crop that was irrigated pre-dawn (Fig. 1). A stable wet
weight value was established prior to sunrise. This is indicated by the pre-dawn plateau
in Fig. 1. A dry weight measurement is obtained once ET water loss ceases (around
sunset at earliest). The difference between dry weight value (kg) and the wet weight
value (kg) is the ET water loss in kg/container. For the Fig. 1 example, the end of the
day dry weight value of 6.55 kg is subtracted from the wet weight value of 7.25 kg to
arrive at a container ET loss of 0.70 kg. Because the density of water is 1.0 g/cm3, 0.70
kg is equal to a volume of 700 cm3. To calculate an equivalent depth of water, we need
to divide the volume of water (cm3) by the top surface area of the container (cm2). Using
the area=π × radius2 formula, a container with a diameter of 10 inch (25.4 cm) would
have an area of 507 cm2. Given the surface area, 700 cm3 of water would be equivalent
to a depth of 1.38 cm or 0.54 inch. This latter value can be compared to the irrigation
rate (i.e., inch/hour) or an amount of rain (inch) for making irrigation decisions, with the
qualification that the plant canopy can affect the amount of irrigation and/or rain that is
intercepted by the container (1).
Irrigation trends Another use for recording container weights with a data-logging scale
is to evaluate trends in container weights over time. This can provide valuable
information regarding irrigation effectiveness in maintaining container substrate
moisture levels. For example, container weights recorded over a 10-day period for a
sprinkler-irrigated ‘Burfordii’ Holly plant in trade 3-gal (10-inch) containers are given in
Fig. 2. A downward trend in container weights can be seen by comparing the peak wet
weights for each day. The second peak was 0.25 kg less than the first and the third
peak 0.375 kg less than the second. Rain during the fourth day brought the container
weights back to peak weight after Day 1’s irrigation. Similar downward trends for the
rest of the 10-day period resulted in a final container peak weight of 5.65 kg which was
1.6 kg less than the peak after Day 1’s irrigation. For a 10-inch container with a
substrate fill volume of 7.4 L, this 1.6 L volume of water represents 22% of the container
substrate volume. Because typical substrates have only 25-30% plant available water,
a deficit of 22% indicates that water stress will likely occur soon unless significant rain
occurs.
An example of a positive trend in container weights is given in Fig. 3 for a Leyland
Cypress tree in a trade 15-gal (17-inch) container irrigated three times a day. Peak
weights following irrigation increased from Day 1 to Day 2 then remained uniform for the
next four days indicating that irrigation is effectively resupplying water loss. Because
drainage and water loss are occurring at the same time during the day when irrigation is
scheduled, it is difficult to determine that the irrigation amount is efficient (not
excessive), just that it is sufficient.
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Excessive irrigation Observing the peak in wet weights following irrigation can often
reveal if irrigation is excessive. This is particularly true for sprinkler-irrigated crops with
a short data-logging interval such as given in Fig. 4 for a ‘Parsonii’ Juniper plant in a
trade 3-gallon (10-inch) container. This crop was irrigated at 7:30am and weight data
recorded every 5 minutes. The steep drop in weights immediately following the peak
weight of irrigation on March 14 is evidence for excessive irrigation. Although not
definitive, approximately 0.2 kg of excess water was applied. If the total applied was 0.7
kg, this indicates a leaching fraction of approximately 30%. For the following day, the
irrigation amount resulted in minimal, if any, excess. Similar lack of excess irrigation
would be indicated by the flat peaks in Fig. 1 and Fig. 2 where irrigation amount was
shown to be insufficient.
Baseline wet weight Weight measurements following significant rain can provide a
baseline value for establishing a container capacity of a given crop. For example, when
monitoring container weights of a micro-irrigated Podocarpus plant in a trade 7-gal (14
inch) container (Fig. 5), the stable peaks following irrigation during the first six days
suggest irrigation is bringing the container substrate up to container capacity. However,
following rains during the next two days it can be seen that the container could hold 0.51 kg more water. This post rain baseline weight would likely be a better indicator of
container capacity for determining if water deficits are approaching the lower limit of
available water as previously discussed in the ‘Irrigation trends’ section.
Literature Cited
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Fig. 1. Weight (kg) of one trade 3-gallon (10-inch) ‘Burfordii’ holly plant recorded every
5 minutes on 13 April 2018 at Hibernia Nursery, Webster, FL.

Fig. 2. Weight (kg) of one trade 3-gallon (10-inch) ‘Burfordii’ holly plant recorded every
5 minutes for 13-22 April 2018 at Hibernia Nursery, Webster, FL.

144

SNA Research Conference Vol. 63 2019

Fig. 3. Weight (kg) of one trade 15-gallon (17-inch) Leyland Cypress tree recorded every 30 min
for 26-30 April 2018 at Hibernia Nursery, Webster, FL. Spray-stake irrigation was scheduled at
8:30am, 12pm, and 3:30pm.

Fig. 4. Weight (kg) of one trade 3-gallon (10-inch) ‘Parsonii’ Juniper plant recorded every 5
minutes for 14-15 March 2018 at Cherrylake, Groveland, FL.
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Fig. 5. Container weight (kg) of one trade 7-gallon (14-inch) Podocarpus plant recorded
every 30 minutes for 1-12 December 2017 at the University of Florida, Gainesville.
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Significance to the Industry Irrigation runoff from nursery and greenhouse operations
often contains phosphorus (P) that can be either reused if the water is recycled, or
released offsite if the water is not reused. In both cases, excess P can contribute to
degradation of water quality, as algal communities and aquatic weed growth increases
when excess P is available. To better manage water quality and treatment
requirements both on- and off-site, it was necessary to develop a filtration system that
efficiently captures P, preventing its continued movement in water conveyance
structures. The pilot-scale filter we developed used passive water flow through a mixed
iron oxide (i.e., FeOOH, Fe2O3, Fe(OH)3) substrate to effectively remove P from
recycled irrigation water. This technology shows promise in this application. Future
work with these filters will evaluate pressurized flow through the system and potential
for reusing P-saturated iron oxide as a substrate amendment and supplemental P
source.
Nature of Work The availability of phosphorus (P) typically limits growth of plants
grown in both soil or water. When excess P becomes available in freshwater systems,
algal blooms and increased growth of aquatic weeds often follow, potentially
contributing to both water management problems and degraded water quality. Specialty
crops operations (e.g., nursery and greenhouse) often release excess P in their
irrigation runoff. Our goal was to develop and test a pilot-scale filter designed to remove
P from irrigation runoff. We evaluated the P removal efficacy of iron oxide established
within a low-maintenance, gravity-flow filter and monitored concentrations of P in water
both pre- and post-filtration to document filtration performance.
The iron oxide substrate evaluated is a waste product harvested from treatment of
abandoned mine drainage and has a P sorption rate of 8 – 11 g P / kg of iron oxide (1).
The pilot-scale filtration system was set up on-site at a Piedmont SC nursery in
December 2017 (Figure 1). Water from one of the operation’s ponds was pumped into
the pilot scale filter system beginning January 2018. Before the water entered the filter
system, it was pre-filtered through two layers of 2 cm coarse polyester aquarium filter
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followed by two layers of 2.5 cm dual density (course then fine) polyester aquarium filter
(both from Aquatic Experts, Greensboro, NC) in a 19L cylindrical container to remove
particulates from the water that could have clogged the substrate. After the pre-filter,
inflow was split to flow into three filter units at 1.5 liters per minute (similar flow rate into
each unit). The filter units were 100L, fitted with three baffles to help ensure complete
saturation of the substrate and to prevent short-circuiting, and filled with approximately
40L of iron oxide substrate. The iron oxide substrate was not sieved prior to use and
particle sizes ranged from less than 1 mm to 4 cm; thus, less-uniform particles sizes
were present and could have influenced P removal efficacy. Every 3 hours, water was
sampled as follows: one sample was collected post filtration but pre-iron oxide and three
samples were collected post-iron oxide filtration, one from each unit using ISCO
autosamplers (ISCO Teledyne, Lincoln, NE). The filters were run for 12 hours a day,
with each day representing five pooled samples. The experiment lasted 8-weeks, until
the substrate became clogged and water flow was no longer reliable.
Phosphorus removal efficacy as aided by the iron oxide filters averaged 50.6%. With P
concentrations in influent averaging 0.101 mg/L P and P concentrations in effluent from
the iron oxide filters averaging 0.041 mg/L P. Though consistency in removal was
variable over the 8-weeks, this pilot-filtration system shows promise. We will further
evaluate iron oxide substrate utility in these filtration systems after it has been sieved to
exclude fine particles, to better ensure the capacity of unrestricted water flow through
the system. If the clogging issue can be managed by pre-sieving the substrate, the
utility of these systems may be such that widespread adoption for P management may
be sensible. Such adoption could allow producers to increase sustainability by utilizing
inexpensive waste products of another industry to mitigate production runoff challenges
concerning environmental stewardship.
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Figure 1. Pilot scale filters (n = 3) evaluated with regard to phosphorus removal effiacy
from irrigation runoff. Three iron oxide filters were automatically monitored over 7
weeks.

Figure 2. Phosphorus removal efficacy (3-day moving average) of a passive flow iron
oxide filter (n = 3) installed at a SC nursery.
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Significance to Industry Commercial nurseries conventionally produce containerized
ornamental crops in unbuffered soilless substrates on semi-permeable production areas
requiring frequent irrigation and fertilization. Runoff, known as tailwater, from the pads
carries sediment, nitrogen (N), and phosphorus (P) (1-4). This can result in non-point
source pollution (5-7) unless tailwater is collected and reused. We characterized and
developed a model of container nursery tailwater at a mid-Atlantic nursery downstream
from a 5.2 ha production area. Generalized relationships between loading of sediment,
N, and P in tailwater as a function of rainfall depth and antecedent dry days were
developed based upon a 10-year simulation (2008-2018) using the Storm Water
Management Model (SWMM) model. Annual loads of sediment [total suspended solids
(TSS)], total nitrogen (TN), and total phosphorous (TP) ranged from 9,230 to 13,300, 66
to 94, and 9 to 13 kg∙ha-1∙yr-1, respectively, based upon storm events and average
irrigation.
Nature of Work Growing nursery crops in containers provides for an inexpensive
solution for faster crop growth and easier handling, making container use a dominant
practice (4). Containerized crops, however, require frequent irrigation. Unfortunately,
porous substrates used in containers combined with semipermeable to impermeable
production surfaces, produce more tailwater volume compared to field grown nurseries,
thus conveying more pollutants during irrigation and storm events (5). Fate and
transport of these pollutants depends upon production surface characteristics, slope,
precipitation, length of the antecedent dry period, and timing of storm or irrigation events
(5,8). Currently, many mid-Atlantic container nurseries are capturing and reusing 95% of
runoff from the first 1.3 to 2.5 cm of rainfall as recommended by the Phase I
Chesapeake Bay Watershed Implementation Plan (WIP) to reduce sediment and
nutrient loading to the Chesapeake Bay estuary (9). Nurseries cite concerns regarding
environmental stewardship and water security as reasons for voluntarily complying with
the Phase II WIP guidance (10, 11). Limited on-farm research has been conducted to
characterize and model the scale of nursery tailwater volume and quality of container
production areas. Modeling provides a better understanding of container nursery
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tailwater transport and fate, which aids decision makers when deciding to improve
management of tailwater before reuse or release into surrounding ecosystems. The
objectives of this study were to develop an estimate of average annual loading of TSS,
TN and TP from a nursery production area, and to generalize these projected annual
loads as a function of key independent variables. To achieve these goals, an
anonymous 200 ha container nursery in the Mid-Atlantic US was selected for this study.
The contributing drainage area that was monitored was 5.2 ha, which consisted of 1.8
ha of roads and 3.4 ha of container pads, all of which drain to a central receiving ditch
and then to a tailwater recovery basin (TRB) for treatment and reuse (Figure 1). A 0.6 m
H-flume with maximum flow capacity of 350 L∙s-1 (12), an automatic sampler (model
6712; ISCO, Lincoln, Nebraska), a rain gauge (model 674; ISCO), and a bubbler flow
meter (model 730; ISCO) were installed to measure flows and collect equal volume
samples across irrigation and storm runoff hydrographs at the outlet. A Storm Water
Management Model (SWMM) was developed for the nursery sub-catchment using
landscape variables including property boundaries, soils, land use, hydrography, and
digital elevation models to yield runoff and water quality constituent loads and/or
concentrations. Precipitation inputs were developed from the rain gage (ISCO model
674), or a nearby weather station rain gage [WAKEFIELD, 448800, National Oceanic
and Atmospheric Administration (NOAA)]. The model was then evaluated using a group
of statistical methods including: Nash-Sutcliffe Efficiency (NSE), coefficient of
determination (R2), and Percent bias (PBIAS) (13, 14). An R program was developed to
integrate irrigation into precipitation data. The SWMM model was calibrated to the
collected monitoring data, then the model was run for a 10-year period (2008-2018) to
estimate average annual loading for TSS, TN, and TP.
Results and Discussion: Average daily loads of TSS, TN, and TP during irrigation
events were 0.87, 0.09 and 0.01 kg∙day-1, respectively. The average total load of TSS,
TN, and TP during storm events was approximately 900, 35 and 50 times higher,
respectively, than those of irrigation events. In addition, SWMM model simulated
hydrology, TSS, TN, and TP concentrations for 10 years (2008 – 2018). Modelled
annual pollutant load based on 10-year simulations (2008-2018) was calculated by
multiplying flow by concentration. During storm events, annual loads for TSS, TN, and
TP per ha were between 11,100, 80, and 11 kg∙ha-1∙y-1, respectively. In addition, annual
loads during irrigation events for TSS, TN, and TP per ha were between 39, 4.3, and 0.5
kg∙ha-1∙y-1, respectively. Linear correlation between annual precipitation depth and the
pollutants loads TSS, TN and TP was 0.5, 0.93 and 0.95 R2, respectively (Figure 2).
Three annual pollutant load for the nursery were developed using these regression
equations and annual loads during irrigation events. Thus, annual pollutant loads for
TSS, TN and TP per ha calculated based on Eqs.1, 2, and 3, respectively:
(1)
(2)
(3)
where, Pr is precipitation depth (cm), and NDD is adjusted for number of days plants are
irrigated during a year, since irrigation is applied during the growing season only.
In conclusion, 130 samples from 5 storm events and 7 irrigation events were taken.
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SWMM was able to characterize the runoff quantity and quality from the production area
well. This model, given sufficient data for calibration, could be applied to virtually any
container nursery site to estimate tailwater water quality loading, and explore potential
on-site and environmental mitigation management options. Such studies are a critical
first step in providing tools for improving water quality in tailwater from container
nurseries, which, in aggregate, constitutes a significant potential source of nutrients and
sediment to estuaries and coastal waters.
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Figure 1. Location of (a) container pads and monitoring site outlet (filled red circle) and
(b) H flume (top), automatic sampler and rain gage (bottom).
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Figure 2. Relationship between annual precipitation depth and pollutants loads.
TSS=total suspended solids, TN=total nitrogen, TP=total phosphorous.
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Significance to Industry Currently, knowledge related to irrigation water sources,
irrigation application methods, and correlations between production type and water use
for the greenhouse and nursery industry is severely limited. While time and research are
directed to solve both irrigation and runoff problems for the industry, published baseline
research describing water quality issues and producer-wide irrigation practices is
scarce. As water resources dwindle and states look to restrict water usage, specialty
crop growers can better safeguard their water resources and usage rates if they have
baseline information regarding these practices. We collected data from nursery (field
and container) and greenhouse operations across South Carolina, developed a
database corroborating major water problems that will help to direct future research and
resources, and collated information useful for both growers and policy makers regarding
water quality and water use patterns.
Nature of Work Over the last few decades, water availability in South Carolina has
steadily decreased due to reductions in average daily precipitation and increased
severity and incidence of drought (1,2). Competition among domestic, agricultural and
industrial water use within the state has increased due to decreasing supply. About 125
million gallons per day are used for irrigation purposes in South Carolina, accounting for
roughly 10% of consumptive (excluding thermoelectric) water use in the state (3). In
South Carolina, over 234,000 acres of harvested cropland and 65,000 irrigated acres
are devoted to specialty crops production, with over 600 registered nursery,
greenhouse, and floriculture farms operating in the state (4). Specialty crops accounted
for almost $500 million in state revenue in 2012, with greenhouse, floriculture, and
nursery products consistently contributing over half of cash receipts for crops in South
Carolina (5). South Carolina ranks as one of the top five states in the country with the
highest percentage contribution of the horticulture industry to gross state product (6).
Though agricultural irrigation accounts for a considerable portion of consumptive water
use in the state, there is a substantial knowledge gap concerning water use practices at
nursery and greenhouse operations throughout South Carolina. A comprehensive
statewide study of irrigation source water use practices was critically needed to inform
long-term water use management, allocation, and policy decisions in South Carolina.
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An assessment of irrigation quality, quantity, and source was conducted with 30
collaborating nursery and greenhouse growers throughout South Carolina. Ten growers
were selected to represent each of the three ecoregions of the state: Coastal (Coastal
Plain), Central (Southeastern Plain), and Piedmont (Fig. 1). Growers were asked to
complete an online survey (IRB# 2018-086) that included questions related to water
source, irrigation method, water volumes used, and best management practices
implemented within their operation. This information was confirmed and expanded upon
through on-site visits to each growing operation. During the visit, water sources were
observed and interviews were conducted with either the owner or individual responsible
for the irrigation of the operation.
Survey responses serve as a benchmark of irrigation sources for South Carolina in
2018, with future survey administration strongly encouraged to develop longitudinal
analysis. Data are reported only as percentages to protect the anonymity of the
respondents. Statistical analysis for the data presented were challenging due to the use
of categorical, multi-response variables. In other words, respondents could select more
than one response if, for example, a grower produces most of their crops in a container,
with a small proportion produced in a greenhouse. Permitting this type of response
violates an underlying assumption of most statistical analyses, that of the independence
of responses, and results in unknown degrees-of-freedom (i.e., with 30 growers we
received many more than 30 responses). Due to the use of multi-response questions,
percentages discussed within this study can equal greater than one hundred percent.
Results and Discussion We specifically selected diverse operations to survey, both in
terms of size and operation type. Operational sizes ranged from 33% of respondents
with operations on >100 acres, 45% of respondents with operations on ≤15 acres, and
the remaining 22% of respondents growing on 16 to 100 acres of land. Historic data and
future survey collection could serve to further confirm this trend in operation size
distribution. Operation size was not assessed by ecoregion to protect the anonymity of
the respondents.
Plant production was broken out into three categories: greenhouse production, plants
grown within an enclosed structure; container production, plants grown within a
container outside of an enclosure (i.e., on a gravel or landscape pad; this includes potin-pot production); and field production, plants grown in the ground. In the Piedmont
region of South Carolina, 70% of growers utilize field production, while only 20% in the
Coastal region do (Fig. 2a). Conversely, 100% of growers in the Coastal region utilize
container production, while only 40% do in the Piedmont. The high incidence of
container production is most likely attributable to the high-water table, flooding, and
sandy soils of the Coastal region which prevent efficient field production. The Central
area of the state is an even mixture of the three production types, a blend of the Coastal
and Piedmont conditions.
Irrigation of crops grown within the Piedmont region relies heavily upon well and surface
water, with 80% of growers using one or both (Fig. 2b). Only 10% of growers in the
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Piedmont region use a recycling or retention basin to capture and reuse their runoff.
Coastal growers are far more reliant upon recycling and retention basins for irrigation,
with 80% of growers capturing and reusing their runoff. Well water is used for irrigation
by 80% of the Central region with only 10-20% of growers applying water from recycling
or retention basins, surface water, or municipal water. One factor impacting use of these
vastly different water sources is policy and regulation. Within the Coastal region,
groundwater access is restricted by capacity use regulations limiting well withdrawals
while other regions of the states are not regulated (7; Fig. 3). Furthermore, some
Coastal operations have experienced salt water intrusion, further limiting surface and
well water use (personal communication, interviews with growers). Freshwater is
plentiful in the Piedmont region due to proximity to the foothills of the Appalachian
Mountains in combination with an abundance of springs (8; Fig 4).
Irrigation methods used by surveyed growers included hand irrigation or manual
application, drip/micro-sprinklers, sub-irrigation (e.g., flood floor, ebb and flow, etc.), and
overhead application. Piedmont growers specialize in field tree production; because of
this production system, 90% of Piedmont growers primarily irrigate using drip/microsprinklers (Fig. 2c). Only 30% regularly use overhead irrigation (some growers
occasionally use overhead in holding bays prior to shipment and are not included).
Conversely, 100% of Coastal growers regularly use overhead irrigation, supplemented
by drip/micro-irrigation. As seen previously, the Central region is evenly divided
between use of both drip/micro and overhead irrigation as their main irrigation method.
In no case was an operation that solely used drip irrigation equipped with a recycling or
retention basin for water reuse. This may be due to the high water application efficiency
and low level of runoff associated with micro-irrigation (9,10). Therefore, while the
Piedmont region had a low level of water reuse in comparison with the Coastal region
(Fig. 2b), this could be attributable to a lack of water runoff to capture and reuse. Hand
irrigation is used in 50% of operations within the state, but in all cases, was a secondary
irrigation method. Only 10% of growers within the state, applied water using subirrigation, a highly efficient irrigation method (11). This lack of implementation is most
likely linked to high system costs (12).
Ecoregion and production type impacted the primary source of irrigation water and how
water was applied. Better understanding of these linkages could assist in development
of best management practices and extension materials. Determining water quality
problems and runoff implications are also pertinent to the future sustainability and
security of specialty crop producers. Based upon survey results and in-person
interviews, it is clear a “one size fits all” water policy would be detrimental for specialty
crop growers in South Carolina because of the variability in water use patterns by
ecoregion and production type. Many growers are engaged and interested in
understanding their water use and are proactively reducing their water footprint.
Involvement of the specialty crop industry in decision-making is key for future water
policy and regulation implementation.
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Figure 1. The three major ecoregions of South Carolina are comprised of (1) the
Coastal region or the Mid-Atlantic Coastal Plain, (2) the Central region or Southeastern
Plain, and (3) the Piedmont region.
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Figure 2. Distribution of responses when taken as a percent of the total for production
type (a), irrigation source (b), and irrigation method (c) by region of South Carolina.
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Figure 3. Regulated (red) and unregulated (gray) capacity use areas of South Carolina.

Figure 4. Location of springs within South Carolina denoted by red circle. (8)
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Significance to Industry Unused roofs represent up to 32% of the area in urban
centers (7). Traditional green roof technology has been steadily transforming urban
rooftops into environmental stormwater control systems, which are being rapidly being
adopted in many cities around the world. (2,5,6). Parallel to this investment in green
infrastructure, urban residents have also developed a desire for more local, sustainable
and nutritious food which has fostered the development of urban agriculture projects
cultivating local, organically-grown produce (7). Despite a number of review papers on
green roof systems (1), few quantitative data exist on the impacts of food crop
production practices on the ability of a modified green roof to retain stormwater and any
consequent impacts on runoff water quality. Agricultural rooftop farms typically modify
green roof substrates with additional organic matter to enhance water and nutrient
retention, and crops are also fertilized and irrigated during the growing season, possibly
contributing to nutrient runoff issues if not carefully managed.
Urban farmers using vacant lots also face similar issues to commercial rooftop farms, as
they typically cannot grow in native urban soils which are generally infertile and are
often contaminated with rubble and pollutants such as heavy metals like lead. Raised
beds, using sustainable organic substrates with composted material additions are
typically used. Correct substrate formulation and nutrient management practices, timely
irrigations (even if hand-watered) and the leaching of nutrients from raised beds with
rainfall, are common issues facing urban farmers of all backgrounds.
Nature of Work
Background of Novel Amendments One of the principle elements of this study will be
to reduce the concentration of phosphorous (total P and dissolved P) from green roof
leachates while still providing enough soluble phosphorous in the soil solution to sustain
plant growth. Alumina (aluminum oxide) is a by-product of the aluminum smelting
industry with a chemical formula Al2O3. There have been several horticultural
applications of alumina in container and nursery plant studies. Alumina that had been
fully saturated with phosphorous (alumina and aluminum phosphate complex) has been
applied to woody and flowering herbaceous plants in containers when first potted in
commercial grower settings, with plants exhibiting fewer symptoms of phosphorous
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deficiencies later in production than plants that were given a single dose of Osmocote at
planting (4, 8). The current study is also testing the efficacy of addition of biochar in
combination with compost to increase cation exchange capacity (CEC), thereby
reducing ammonium nitrogen (NH4+) leaching from substrates. Biochar has been
shown to increase soil surface area thereby increasing CEC in a similar fashion to fine
clay particles which are typically lacking in green roof substrates (3).
This research will be a starting point for understanding substrate amendments and their
nutrient retention capabilities for use in both rooftop farming operations and raised-bed
urban production at grade. Documenting and communicating this information for urban
farmers will help protect water bodies in urban areas, and help formulate better
substrate and nutrient management practices for their operations.
Methods This study is divided into two distinct research phases (Phase 1 and Phase 2).
Phase 1 consists of small-scale column studies designed to rapidly quantify the leached
quantities of phosphorus (P) and nitrogen (N) from the different substrates. In Phase 1,
a total of 15 substrates were tested that contain various proportions of the mineral
®
aggregate base of M2 Green Roof media (Stancills, Inc., Perryville, MD), SmartLeaf 
municipal compost (City of College Park, College Park, MD), mushroom compost
(Laurel Valley Soils, Avondale, PA), alumina (Phospholutions LLC, State College, PA)
and biochar (Bartlett Tree Experts, Stamford, CT) (Table 1). Each substrate was placed
into 6 replicate columns made from plastic 11 cm diameter Buchner funnels with a
substrate depth of 14.6 cm. Each column received 20 cm of distilled water in 2.5 cm
aliquots applied every 20 minutes to simulate sequential rainfall events. The columns
were allowed to drain and the leachate was collected for every aliquot applied. After the
initial 20 cm of simulated rainfall, the columns were fertilized with 100 mL of a 100 mg/L
N and 20 mg/L P solution. After 24 hours, an additional 20 cm of simulated rainfall was
added in sequential 2.5 cm aliquots, allowing for leaching to be complete between
additions. Each column leachate volume was measured, sampled, and analyzed by a
commercial lab (AgroLabs, Harrington, DE) for dissolved-phosphorus concentration.
Based on the phosphorus retention leaching of the 15 substrates, four were chosen for
study in Phase 2 of the study. The substrates that were chose are, from Table 1,
substrates 3, 5, 9, and 13 to represent all amendments separately and together within
the mushroom composts as mushroom compost demonstrated the most nutrient load.
Phase 2 micro-scale studies are being conducted at the University of Maryland
Greenhouse complex using sixteen 30-liter plastic tubs (42 cm x 77.5 cm x 14.6 cm)
(four replicates per substrate), designed to simulate a green roof installation. These
tubs will be filled with 15 cm of substrate and planted with successive vegetable crops
over the course of one year. The current planting schedule order is ‘Genovese’ basil
(Ocimum basilicum ‘Genovese’), ‘Newham’ lettuce (Lactuca sativa ‘Newham’), and
‘Lunchbox Red’ peppers (Capsicum annuum ‘Lunchbox Red’). After establishing a
water retention curve for the substrates, we will use capacitance sensors to
automatically activate irrigation valves for each tub, based on a threshold substrate
volumetric water content. In addition, a simulated 2.5 cm rainfall event will be applied to
each replicate tub; the leachate out of each tub will be collected, measured for volume,
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and sampled for N and P concentrations. Each tub is equipped with a catchment device
that allows the collection and securing of the first flush of each rain event which
represents the first 1 mm of rainfall. The remaining 2.4 cm of rainfall is collected in a
separate container for each tub. The plants will be measured for overall vigor and yield
to rate their performance in each substrate.
Results and Discussion Due to space limitations, only initial P results from Phase I are
presented and discussed. In all substrates containing SmartLeaf or mushroom
compost, the total dissolved-P leachate content (volume x concentration, mg) was
significantly lower from substrates containing alumina than from substrates without
alumina (Figs. 1 and 2). The substrates containing alumina also retained more P after
application of fertilizer and the eight 2.5 cm simulated rainfall events. From these
preliminary data, there does not appear to be any significant difference in dissolved-P
retention when the amount of alumina was increased in the substrate (5% or 10 %), in
combination either with the mushroom or SmartLeaf compost substrates.
In all mixes containing SmartLeafand mushroom compost, the amount of leached
dissolved-P was not significantly affected either by the presence of biochar or the
proportion of biochar in each mix (10% or 20%). There may be an antagonistic effect
that biochar has on the alumina-mediated P retention, as substrates with both high
biochar and alumina leached more dissolved-P than substrates amended with alumina
and lower biochar fractions. However, the purpose of biochar in this experiment was
not necessarily to increase P retention, but to increase soil fertility by the effect of
improving CEC in soils, and thus retain more N.
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Table 1. Composition of the fifteen substrate formulations tested,
expressed as a percent, by volume. M2B Stands for the base M2 green
roof media used in all substrates.
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Figure 1. The effects of biochar and alumina on the leaching of dissolvedphosphorus from each substrate containing base green roof media (M2),
mushroom compost (Mu), alumina (Al), and/or biochar (BC).
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Figure 2. The effects of biochar and alumina on the leaching of dissolved
phosphorus from each substrate containing base green roof media (M2),
SmartLeaf compost (SL), mushroom compost (Mu), alumina (Al), and/or biochar
(BC).
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Significance to the Industry Accurately measuring the daily water use of plants is
useful, not only to understand the daily and seasonal water requirements of different
species, correlated with age and climatic conditions, but also to assess the capacity of
plants to do “work” i.e., provide ecosystems services. In this case, we are interested in
determining how much water can be transpired by trees and grasses, to reduce
stormwater runoff, provide a monetary value for these benefits and incentivize green
infrastructure development in urban areas.
Nature of Work We have been monitoring an urban plaza at the U.S Tax Court in
Washington, DC since 2015, to assess the daily and seasonal water use of bald
cypress trees (Taxodium distichum) and zoysia grass (Zoysia japonica). The tree/grass
system is planted in a concrete overpass over the US395 highway that passes
underground at that location (Fig. 1). In addition to receiving direct rainfall, the site is
irrigated using stormwater runoff collected from the roof and a hardscape portion of the
plaza. This runoff is collected in two 13,700 L (3,000 gal) tanks in the basement garage
of the building, which are pumped out to irrigate the plaza whenever the tanks contain
sufficient water.
The primary objective of the study is to provide daily and seasonal water use
(evapotranspiration) data for these two plant components at the US Tax Court, over
time. Secondly, by providing a daily water balance of water inputs and outputs for this
landscape, we can provide annual water budgets which calculate the mitigated cost of
potable water for irrigation, as well as the reduction in impervious surface fees for the
site.
Half of the plaza’s cypress trees (558 m2 of total surface area; n=10) and approximately
335 m2 of zoysia grass (n=4) were continuously monitored using a combination of 10HS
and GS1 soil moisture sensors (Meter-Group, Inc.; Pullman, WA), flow meters (Badger
Meter; Milwaukee, WI) and environmental sensors (see Fig. 2 for sensor layout). Each
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monitoring point (for both cypress and zoysia) was sensed at 3 cm (1 in.), 15 cm (6 in.)
and 30 cm (12 in.) depths in the soil profile. The change in soil moisture (VWC) at
each of these depths is continuously measured and then summed () between rainfall
or irrigation events, to provide an average estimate of daily water loss (K s, as illustrated
in Fig. 3.) from the top 30 cm of the root zone of each species (3, 4). The weather
station (Meter-Group, Inc.) at the site provides high-resolution environmental data for
total radiation (pyranometer), air temperature and relative humidity (VP4), wind speed
and direction (sonic anemometer) and rainfall (ECRN-100). From these variables, the
daily reference transpiration (ETo) was calculated using the FAO56 version of the
Penman-Monteith model (1).
Data were logged using EM50R radio dataloggers (Meter-Group, Inc.) on a 5-minute
basis, and transmitted to a computer via radio base station on site. Data were then
assimilated into an online database and charted graphically using Sensorweb™
software (Mayim, LLC; Pittsburgh, PA). The daily water balance integrates inputs from
daily rainfall and irrigation (flow), and outputs using reference evapotranspiration (ETo)
and the average Ks values (from cypress and zoysia), to estimate daily water use (ETc,
Fig. 4). Real-time data are available to irrigation managers over the internet through a
password-protected site; alerts can also be set, e.g. the depth of water in the capture
tanks are automatically sent whenever there is more than 1000 L (260 gal) water in the
tanks.
Results and Discussion An example water balance for all cypress trees in 2017 is
shown in Table 1. Total area covered by cypress in this area of the plaza was 558 m2.
Total water inputs from rainfall and irrigation totaled 628,540 L during the year, with over
75% of that total coming from rain. Total estimated evapotranspiration from the cypress
trees was 142,521 L, or about 23% of total water supplied. Total rainfall for the site was
over 1100 mm (43 in.) in 2017, which exceeded the 30-year average for Washington,
DC. Rainfall in May and July was particularly heavy, which contributed to the large
imbalance in water supply and use by the trees. Interestingly zoysia, which covered 335
m2 of the site and received a total of 431,663 L of rain and irrigation during 2017 (data
not shown), but transpired 87,198 L (about 20% total water). So proportionately, zoysia
evapotranspired as much as the cypress trees, probably because the zoysia thatch
provided a large surface area for direct evaporation of rainfall and irrigation.
Total estimated water use for cypress and zoysia during 2015, 2016 and 2017 are given
in Table 2 and are quite consistent, as all three years were at or above 30-year average
rainfall totals with few periods of drought. The stormwater credit trading values are
calculated from the average credit price for each year, which can be freely accessed
from Department of Energy and Environment’s stormwater credit program website (2).
Based on what we believe are relatively conservative water use estimates, the
ecosystem stormwater services provided by one half of this plaza (0.089 Ha) were
$85,635, $102,277 and $122,584 over the three years, averaging over $1.16M / Ha in
stormwater services.
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Figure 1. The United States Tax Court Plaza situated over the US395 Highway in
Washington, DC.
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Figure 2. Site Installation diagram of the sensor network: Pink hexagonal icons indicate
soil sensor locations in numbered bald cypress trees and four positions within
the zoysia grass area. Letters within squares indicate EM50R radio
dataloggers. Other sensors noted in annotated boxes.
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Figure3. Estimating average daily water loss (Ks) values from soil moisture data at
three depths (3 cm, 15 cm and 30 cm), between rain or irrigation events.

Figure 4. Reference evapotranspiration (ETo), and bald cypress and zoysia grass
evapotranspiration (Kc) from May 2015 through July 2017.
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Table 1. Monthly water balance for bald cypress trees in 2017, showing precipitation,
irrigation and total water inputs, with estimated bald cypress evapotranspiration
(ETC), and the resultant balance in liters (L).

Table 2. Total evapotranspired water totals for the sensed portion of the US Tax Court,
and the potential stormwater credit trading value of that water from 2015 –
2017.
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Significant to Industry Black, white, and reflective shade materials, each rated at 50%
light transmission, were compared to no shade on four identical small Quonset-style
cold frames. Results suggest minimal differences in temperature during the hottest time
of day using these structures. The white shade initially had higher photosynthetic active
radiation (PAR) levels than the reflective or black cloths; however, this advantage slowly
diminished over time as the cloth became dirty. The white shade’s increase in PAR with
similar cooling efficiency to black and reflective might be useful to growers needing
more light but also desiring decreased heat. The structures used in these trials would be
considered a worst-case scenario for cooling. More modern structures may provide
different results. There are many shade cloth types and designs. These trials focused
only on standard knit cloth materials.
Nature of Work Shade is used in specialty crop production systems to alleviate stress
associated with excess solar radiation and resulting increased air temperatures.
Protected agriculture structures are extremely efficient in capturing solar radiation. A
standard 30 ft. x 96 ft. greenhouse has the capacity to gain one million BTU’s per hour
on a sunny day when ventilation is turned off. The rate of heat gain can quickly surpass
the rate of heat loss through mechanical or natural ventilation leading to supra-optimal
air temperatures for crop production. To reduce the amount of solar radiation entering
glazed structures, growers utilize shade compounds, fabrics, and pigmented films.
These techniques reduce solar radiation gain; however, they also reduce PAR and
other wavelengths important for plant growth and development. Through industry
development, shade cloth products have been made available to improve cooling
efficiency without the sacrifice of necessary light levels for optimum growth.
Willits and Peet (3) demonstrated an inherent inefficiency of black shade materials due
to heat absorption and re-radiation of heat back into the greenhouse. By cooling the
black cloth through evaporative cooling, a 55% increase in cooling efficiency was
demonstrated. In a later study, Willits (2) further demonstrated that solar energy
absorption affected cooling efficiency of the cloth and that shade cloth temperature and
floor temperature were correlated. White and reflective shades have been developed
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and marketed to reduce greenhouse air temperature but little validated research has
been published demonstrating this advantage. The purpose of this study was to
evaluate commonly used black, white, and reflective knit shade materials for
greenhouse cooling efficiency.
Four small Quonset-style cold frames at the Ornamental Horticulture Research Center
in Mobile, Alabama were used to compare 50% black, 50% white, and 50% reflective
knit-type shade cloth materials to a structure with no shade. Each cold frame measured
8.75 m in length, 5.5 m in width and were 3 m in height at the apex with an east to west
orientation. Natural ventilation was accomplished through two large doors on the east
and west endwalls, each with 6.5 m2 vent area that provided a 0.27 vent area to floor
area ratio. Each structure was outfitted with temperature and PAR sensors attached to
a data logger programmed for 30 minute logging intervals. This study took place in the
summer of 2016 and was repeated in the summer of 2017. In 2016, the trial was
conducted from August 3 to August 29 and five consecutive days in each replicate
(week) were used for analysis. In 2017, the trial was conducted between August 15 and
September 13 and seven days in each replicate (week) were used in the analysis.
Each cold frame represented an experimental unit. Replication was accomplished over
time with the shade cloth being randomly exchanged among houses each week. The
experimental design was a Latin square blocked by replicate (week) and cold frame.
Date of the experiment was included as a random variable. Mean comparisons were
analyzed for both PAR and temperature for the time of day these variables were at the
greatest numerical value across all replicated weeks.
Results and Discussion The mean maximum temperature occurred at 1:30 PM. At
1:30, no differences in temperature were observed among structures covered with black
(33.7 °C), reflective (34.0 °C) and white (34.0 °C) shade cloth. The temperature in all
cold frames with shade cloth was approximately 4.5% lower than the non-shaded cold
frame. During this same trial, the maximum PAR levels occurred at 12:30 PM. All
shade materials resulted in different PAR levels at this time, with white shade cloth
providing 42.7% and 20.7% more PAR than black and reflective shade cloth,
respectively.
During the 2017 trial, the mean maximum temperature also occurred at 1:30 PM. At
1:30, white shade cloth was 1.2 % greater in temperature compared with black and
reflective shade cloth. No differences were observed between black and reflective
shade cloth in mean temperature at 1:30 PM. In the same trial, the difference in PAR
between white and the other two shade treatments was considerably lower than the
2016 trial with white providing 26% and 17% more PAR when compared to black and
reflective, respectively.
The increased PAR levels of the white shade over the black and reflective shade cloth
is thought to be a result of the semitransparent nature of the white shade cloth material.
A third study was conducted in 2018 comparing the same black, white, and reflective
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cloths but also included an additional proprietary shade material (data not shown). In
this trial, maximum daily PAR readings were again compared among the black, white
and reflective shad cloths; however, the difference between white shade cloth and the
other shade treatments was further reduced when compared to the 2016 and 2017
trials. We believe the gradual reduction in the difference in PAR between the white
shade cloth and other shade treatments was due to a buildup of dirt or mold on the
white shade cloth.
A separate trial was also conducted on two commercial-sized cold frames at a
collaborating nursery where only black and reflective were compared. No differences
were observed between the black and reflective shades during the hottest time of the
day (data not shown). In all trials, there were few differences observed when comparing
black and reflective shade cloths. Further analysis of the rate of temperature gain may
result in greater differences between treatments. It is important to understand that all
the structures used in these trials were poorly designed for natural ventilation and would
be considered worst case scenarios. More modern and taller structures with greater
vent to floor area ratios may provide different results. Little peer reviewed comparisons
of black and reflective shade cloth were found in the literature; however, industry reports
have shown some advantages to reflective clothes (1). The differences in results
among our studies and other reports suggest that a “one size fits all” approach in
comparing shade types is not appropriate for general comparisons. Many factors
should be considered when comparing shade products. A product may work well on
one structure but perform less efficiently on a different structure. Factors to consider in
comparison should include mechanical versus natural ventilation, vent to floor area
ratio, ceiling height, and differences between double and single poly covered structures
and plant density.
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Table 1. Comparison of mean greenhouse air temperature (°C) at 1:30
PM for black, white and reflective shade 50% knit shade cloth ZY.
Trial X
Shade Type
No Shade
White
Reflective
Black

2016

2017

W

35.6 a
33.7 b
34.0 b
34.0 b

34.5 a
32.5 c
33.3 b
32.7 b

Z

Greenhouse structures consisted of 4 quonset style cold frames
measuring 5.5 m (width) x 8.75 m (length).
Y

Average maximum daily temperature occurred at 1:30 PM.

X

Trials in 2016 and 2017 took place in Aug. 3 to Aug. 29 and Aug. 15 to
Sept. 13, respectively.
W

Means within column followed by the same letter do not significanlty
differ.

Table 2. Comparison of mean greenhouse PAR (°C) at 12:30 PM for black,
white and reflective shade 50% knit shade cloth ZY.
Trial X
Shade Type

2016

2017

W

No Shade
35.6 a
34.5 a
White
33.7 b
32.5 c
Reflective
34.0 b
33.3 b
Black
34.0 b
32.7 b
Z
Greenhouse structures consisted of 4 quonset style cold frames
measuring 5.5 m (width) x 8.75 m (length).
Y

Average maximum daily PAR occurred at 12:30 PM.
Trials in 2016 and 2017 took place in Aug. 3 to Aug. 29 and Aug. 15 to
Sept. 13, respectively.
X

W

Means within column followed by the same letter do not significanlty
differ.
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Significance to Industry In nursery farms, invasive ambrosia beetles (AB) cause
irreparable damage to high value ornamentals and recently were found infesting apple
saplings in Kentucky. Preventive trunk sprays of pyrethroids, every two weeks, is a
common practice recommended for nursery crops. This practice is labor intensive and
expensive. There are several registered pyrethroids for use in nurseries, however their
effectiveness to manage AB is unknown. A selection of an effective class of pyrethroid
is necessary for control of AB as well as the incorporation of other management tactics.
Commercial pyrethroid treated netting has been recently implemented in apple orchards
to control the invasive brown marmorated stink bug (2). Here we investigated its
protective effect against AB.
Nature of Work The granulate ambrosia beetle, Xylosandrus crassiusculus
(Motschulsky) and black stem borer, X. germanus (Blandford) attack more than 200 tree
species. Attacks of AB is conditioned by a plants’ physiological (i.e. health) status rather
than related to host susceptibility per se; healthy plants are not likely to be attacked
whereas weak but living plants that emit stress-related volatiles (i.e. mainly ethanol),
prompt attack (5). Stressed plant identification is often a difficult task. Thus, preventive
pyrethroid trunk sprays are the main management practice to control ambrosia beetles
before they enter the sapwood (1, 6). Ambrosia beetle attack was induced following a
modified pot-in-pot protocol described by Ranger et al. (4,5).
Pyrethroid-treated netting Ambrosia beetle attack was induced following a modified
pot-in-pot protocol described by Ranger et al. (4,5). Trees planted in 7 gallon-pots
containing pine bark as substrate were set in a 15-gallon pot that had been lined with a
black plastic bag filled up until 3/4 with water. Bags were tightened to the stem base to
reduce evaporation. Plants were under flood stress during April-June period.
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This experiment was completed in two nurseries, located in Graves and Calloway
counties, and the UK’s REC at Princeton. Liners (1.82-2.4 m tall, 3-4 cm diam.) of
eastern red bud (Cercis canadensis) (Calloway Co.), redbud, apple (Malus domestica
'Granny Smith') and maple (Acer rubrum 'October Glory') (Graves Co.) and red bud and
apple (Caldwell Co.) were chosen. Five treatments were set to evaluate a deltamethrin
impregnated polyester net (Dead on Contact© (AgBio Inc., Westminister CO)) as a
barrier against AB: individually wrapped tree, multiple wrapped trees, tree without
protection set next to wood edge, or net separated from woods and trees set among
nursery stock (Figure 2). Experiments were set up at two sites next to the woods in
each location.
Pyrethroids and vinegars AB attack was induced in Fuji apple bolts (30 cm long, 3-4
cm diameter) with 2-4 mL 95% ethanol was aliquoted in a hole drilled at the core. The
hole was sealed with paraffin film; then bolt ends were immersed in melted paraffin
(Figure 5).
Apple logs were subjected to five treatments: Hole + Ethanol, Hole + No Ethanol, No
Hole + No Ethanol, Hole + Ethanol + Hardwood Vinegar, Hole + Ethanol + Croton
Vinegar, Hole + Ethanol + Mustang® Maxx, Hole + Ethanol + Baythroid ® XL. Treated
logs were hung at the edge of a wooden lot. Each treatment was applied to nine bolts.
Results and Discussion The treatment with apple logs injected with ethanol was a
successful strategy to attract granulate ambrosia beetles and black stem borers. The
numbers of attacks per bolt were similar in apple bolts treated with either vinegar
solutions or Baythroid. These chemicals did not show any protection when they were
compared with the number of attacks in Hole+Ethanol control treatment (Table 1). On
the contrary, logs treated with Mustang® Maxx were not attacked by ambrosia beetles
during the two weeks they were exposed to the first beetle emergence in the spring.
Two species emerged from the apple logs after eight weeks in laboratory conditions;
granulated ambrosia beetle (GAB) and black stem borer (BSB), the former being the
most abundant. The number of emerged GAB per attack hole was over three times
higher in hardwood vinegar treatment than beetle emergence from Hole+Ethanol control
and Baythroid®, and 2.5 times higher that emergence from croton vinegar. Some
ambrosia beetle holes looked empty or with low boring activity in logs treated with
croton vinegar at the moment they were brought to the laboratory. A few BSB emerged
from galleries, which coincides with the low population found in this area in the last
three years.
Mustang® Maxx deterred ambrosia beetle attacks for two weeks in apple logs, whereas
Baythroid treated apple logs were attacked by ambrosia beetles. These findings showed
that not all pyrethroid insecticides work effectively for the management of ambrosia
beetles. The efficacy of other registered pyrethroids for the management of ambrosia
beetles needs to be evaluated. These will be conducted in 2019.
The efficacy of the deltamethrin treated net was evaluated in induced flood-stressed
trees. Plant stress symptoms in late April (two weeks after the beginning of the
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experiment) were: late leaf out and growth reduction. By early May, when the GAB
reached the first population peak after overwintering, the plants had been grown in
water excess for two weeks. It has been previously reported that ambrosia beetle attack
was induced four days after flooding conditions were provided (5). In this study, the only
attack induced was in eastern red buds in Calloway Co. (Figure 3). In the rest of sites
(Caldwell and Graves Counties) there were no attacks on any plant (Table 2) out of 40
plants in each site. In Calloway, only 5 plants were attacked out of 40 plants, the
number of attacks were too low to determine the net effectivity (Table 3). It is worth
noting that the three selected sites had previously reported severe ambrosia beetle
attack, furthermore in Graves Co. there was an attack in container-grown trees with root
bound and symptoms of vascular diseases in stems and roots. Plastic bags with water
was tightened to the stems, this might have affected ethanol release from flooded roots.
Overall, plants showed severe die back in late June; leaf drop and size reduction and
reduced growth. Although the deltamethrin impregnated netting results were
inconclusive, the treated net has been successfully proven against other pests (3). In
this study, ambrosia attacks were very low, out of 40 trees in each of the 3 location only
5 trees were attacked in Calloway Co. The test will be conducted again in 2019.
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Figure 1. Hanged apple bolt (30x3.5 cm length x diam.) on edge of forest. Bolt ends
were sealed with parafilm after 95% ethanol was pour into a drilled hole.
A

B

Figure 2. Pyrethroid treated netting evaluation to protect apple, maple and eastern
redbud liners from AB attack in Caldwell (A), and Graves (B).
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Figure 3. Eastern redbud (Cercis canadensis) attacked by Ambrosia beetles at lower
stem in not fully wrapped trees with pyrethroid treated netting and without net in
Calloway Co., KY.

Table 1. Mean number of attack holes per Fuji apple bolt and emerged X. crassiusculus
and X. germanus per treatment after eight weeks in laboratory conditions.

Treatments
Hole + Ethanol
Hole + No Ethanol
No Hole + No Ethanol
Hole + Ethanol + Hardwood Vinegar
Hole + Ethanol + Croton Vinegar
Hole + Ethanol + Mustang® Maxx
Hole + Ethanol + Baythroid ® XL

Attacks
Mean ± SE
3.78 ± 0.89
0.00 ± 0.00
0.00 ± 0.00
2.63 ± 1.34
4.88 ± 0.95
0.00 ± 0.00
2.63 ± 1.73

Emerged Beetles/Attack hole
GAB
BSB
14.81
1
0
0
0
0
50.95
0
20.29
1
0
0
14.07
1
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Table 2. Numbers of trees attacked by ambrosia beetles in three locations to test the
effectiveness of a deltamethrin treated net in KY. All trees were flood stressed.
Treatment
Individually wrapped tree
Multiple wrapped trees
Wood Edge
Net-separated plant from
woods
Nursery stock

Graves Co.
0
0
0

Caldwell Co.
0
0
0

Calloway Co.
2
1
1

0

0

1

0

0

0

Table 3. Xylosandrus crassiusculus attack on flood stressed eastern redbud (Cercis
canadensis) liners in Calloway Co., KY and AB emergence in laboratory conditions.

Treatment
Individually wrapped tree
Multiple wrapped trees
Wood Edge
Net-separated plant from woods
Nursery stock

No. of attacked
Plants
2
1
1
1
0

Entrances/Attacked
plant
3
9
3
2
0

Emerged
beetles
1
16
0
25
0
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Amblyseius swirskii as a tool for pest management in nursery production
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kaddesso@tnstate.edu
Index words predator, biological control, spider mite, thrips, broad mite
Significance to Industry
Adoption of biological control tools in woody ornamental nursery production has lagged
behind other agriculture fields. The diversity within woody ornamental nurseries nursery
results in an array of potential pest problems, depending on the time of year or plant
species in question. The predatory mite Amblyseius swirskii Athias-Henriot (Arachnida:
Mesostigmata: Phytoseiidae), sold commercially as "swirski mite," is a generalist
predatory mite that has recently been adopted as a control tool for a wide range of mite
and insect pests including thrips (Thripidae), whiteflies (Aleyrodidae), eriophyid mites
(Eriophyidae), broad mite (Polyphagotarsonemus latus (Banks)) and spider mites
(Tetranychidae). Most of the work conducted to date in nursery production utilizing
predatory mites has been performed by biological control companies consulting with
private nursery owners to address specific pests. Published research in the use of
predatory mites in ornamental pest management has been largely limited to key species
in greenhouse production (1, 2) and a few trials in container and field crops (3-5).
Nature of Work The goal of these experiments was to explore swirski mite as a
potential management tool for woody ornamental propagation. Two greenhouse
experiments were conducted and a third was conducted in outdoor propagation beds.
Greenhouse Establishment. Swirskii mites (Evergreen Growers Supply, LLC,
Clackamas, OR) were applied to flowering dogwood seedlings (Cornus florida L.)
across four 15-pot flats (4 in square pots) at a recommended rate of 5 mites/ft2 in cages
(1) alone, (2) with a pollen supplement (Nutrimite, Biobest Group NV, Westerlo,
Belgium) (3) or with a flowering ‘Explosive Embers’ ornamental pepper plant as a
refuge. Two additional treatments with (4) one banker pepper plant containing 125 mites
and (5) an untreated control were also evaluated. Recovery of predators and prey
counts were monitored weekly for three weeks by randomly sampling 8 leaves per cage
(n = 6).
Hydrangea Cultivars. Four cultivars with different trichome densities were treated with
swirski mite at a rate of 5 mites/ ft2 to evaluate establishment on plants with different
levels of pubescence. The treatments were Hydrangea quercifolia Bartram 'Ruby
Slippers', H. macrophylla (Thunb.) Ser. 'Decatur Blue' and one 3n (H. macrophylla
'Zaunkoenig' x 'Princess Juliana') and one 2n (H. macrophylla 'Trophy' x 'Zaunkoenig')
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breeding line. Variability in trichome density is known to affect establishment of swirski
mite in vegetable crops and such variability is common between species and cultivars of
ornamental plants. Recovery of predators and prey counts were monitored on individual
15-pot flats (4-in square pots) weekly for five weeks by randomly sampling 4 leaves per
flat (n = 4).
Propagation Beds. Swirski mites were applied at 2.3 mites/ft3 in Mid-May to 300 ft of
stock 'Sun Valley' red maple two weeks before propagation. Cuttings were held under
mist for 8 wk. After plastic was removed, two additional treatments were introduced into
beds propagated from untreated stock plants - an application of 5 mites/ft2 with and
without pollen supplement. Each treatment and an untreated control plot (4 × 4 ft) were
evaluated bi-weekly from late July - Sept to assess recovery of predators and prey
counts by randomly harvesting 16 leaves across the treatment plot (n = 4).
Results and Discussion
Greenhouse Establishment. Recovery of predators in all experiments was difficult as
swirski mite has the ability to move quickly when disturbed. Initial establishment of
predators was possible in all caged treatments so long as prey or supplemental pollen
was provided (Fig. 1). One challenge in the greenhouse trials was excluding predators
from untreated plants. Despite the use of screened cages, some swirski mites were
found in untreated controls by 14 DAT. At 21 DAT, predators were recovered from
cages containing either a banker or refuge plant, suggesting that a continuous supply of
pollen provided by the flowering pepper plants was necessary to maintain the
population once prey were depleted.
Hydrangea Cultivars. The species with the most pubescence (H. quercifolia 'Ruby
Slippers') had the most swirski recovered and was the only plant treatment to have
swirski mites recovered after 5 weeks (Fig. 2). Also after 5 weeks, no broad mites were
recovered from 'Ruby Slippers' samples. The other three treatments were plants bred
from H. macrophylla, and all had substantially fewer trichomes than 'Ruby Slippers'.
Despite the presence of ample prey, swirski failed to establish on the H. macrophylla
treatments which had fewer oviposition sites and refugia suitable to maintaining the
predator populations. These results suggest that in order to use these predators on
plants with glabrous foliage, multiple applications will likely be required to control target
pests. Alternatively, artificial oviposition sites may facilitate the establishment of swirski
mites in such settings.
Propagation Beds. Predatory mites were recovered from rooted cuttings taken from
treated stock plants that were held under mist for 8 weeks, suggesting that the
treatment of stock plants may be an efficient methods for distributing predatory mites
into propagation beds. Post-misting, predators in all treatments appeared to decline
over the six-week sampling period, while prey available increased (Fig. 3). The postmisting treatments, however, were too variable to provide much information on swirski
efficacy in controlling red maple pests. We identified three main challenges when
working with swirski in propagation beds. The first was variable establishment of rooted
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cuttings during the trial. This caused discontinuous canopies across the propagation
beds, a condition which has been reported to decrease predator efficiency in other
studies. Second, due to the farm setup of the propagation beds it was not possible to
guarantee swirski were excluded from untreated controls. Swirski are capable of
dispersing to untreated areas as demonstrated in our cage study above and previous
work using this predator in container yards (5). Finally, it was sometimes difficult to
discern swirski mites recovered from the beds from other similar looking mites. In future
studies, genetic markers will be used to confirm that recovered predators are in fact
swirski and not native predators present in the field.
Acknowledgements
Funds for this work were provided by Southern SARE On-Farm Grant (OS17-101) and
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Figure 1. Establishment of swirski mites on flats of dogwood seedlings in greenhouse
cages over a three-week period.
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Figure 2. Recovery of swirski and broad mites on greenhouse propagated hydrangea
cultivars over five weeks.
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Figure 3. Total predators and prey recovered in 'Sun Valley' red maple propagation
beds after a single application of swirskii. Swirskii were applied to stock plants (Stock),
with (As & pollen) and without pollen (As) and Untreated beds were also evaluated as
controls.
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Time of day affects performance of spinosad for Chilli thrips
(Scirtothrips dorsalis Hood)
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301 Funchess Hall, Auburn, AL 36849
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Significance to the Industry Chilli thrips (Scirtothrips dorsalis Hood, Thysanoptera:
Thripidae) is an introduced thrips that feeds on >100 host plants. This pest invaded
Alabama in the last 5 years has quickly become the number one insect pest in
ornamental production along the Alabama Gulf Coast. Chilli thrips have less flight
activity in the morning and evening than at midday. In this study, we determine if these
daily activity patterns can be exploited to enhance chemical control. Blocks of cleyera
infested with chilli thrips were divided for application with spinosad in the morning, at
midday, and early evening, or not treated. Thrips were sampled before treatment then
again at 5 d after treatment. Non-treated plants had a 50% reduction in thrips from preto post counts, which was not different from plants treated at midday or in the evening.
However, plants treated in the early morning had 83% fewer thrips in the post-treatment
sample which was a significant reduction relative to control plants. These results
suggest that time of day can influence the effectiveness of spinosad and perhaps other
insecticides applied for control of chilli thrips.
Nature of Work Chilli thrips (Scirtothrips dorsalis Hood) is an introduce thrips that
feeds on >100 host plants including common ornamental plants like roses, Indian
hawthorn, and cleyera (6, 8, 9). Chilli thrips are multivoltine with perhaps 10 or more
generations per year in AL (5). The biology of Chilli thrips and Western flower thrips are
similar; eggs are embedded into plant tissue with the saw-like ovipositor of the female.
The eggs hatch in less than a week, then larvae develop through two feeding stages,
followed by two non-feeding pupal stages that often occur off the plant in leaf litter or
soil. Most (77%) Chilli thrips overwinter in leaf litter and soil as pupae or adults (10), but
some can remain active in overwintering structures (12). During the growing season,
Chilli thrips will remain on host plants overnight or from dusk until about 10 am, or >300
accumulated degree hours (3). Between 10 am and 4 pm most thrips are actively
moving as reported from consistent captures on sticky cards or yellow traps (3, 7, 9,
11). This is also the time corresponding with the greatest daily oviposition (eggs per
female) for this thrips (11).
We conducted an experiment in July 2018, using 3 gallon (trade) plastic potted cleyera
(Ternstroemia gymnanthera) plants potted in a pine bark mix. Plants for this study were

193

SNA Research Conference Vol. 63 2019

located in two container blocks in an uncovered gutter-connected cold frame. Blocks
were arranged in a north to south orientation. Plants in these two blocks had an initial
growth index of 21 (n = 10) and were all showing damage from chilli thrips at the
beginning of the trial. Each experimental unit consisted of 100 pots (10 plant × 10 plant
area) with a buffer strip, 2 plant × 10 plant wide, between each experimental unit.
Experimental units were randomly assigned to each treatment and marked along the
aisle with a tag indicating treatment and replicate. Treatments in this experiment were
the timing when the insecticide was applied. The insecticide Entrust® SC Naturalyte®
(22.5% spinosad; Dow® AgroSciences), a common active ingredient used by growers in
Alabama to control chilli thrips, was a used at 1.5 ml per gallon water. Three treatments
representing application times of 9:00 AM, 2:00 PM, and 4:30 PM were used. A nontreated control block was used for comparison. Each timing treatment and control were
replicated with 10 experimental units each.
On 18 July 2018, plants were sampled to determine the initial population. From each
experimental unit, five plants were randomly selected and three terminals (about 2.5 cm
long) were picked from each plant (15 terminals total) and placed immediately into a 50
ml labeled vial with ethanol. Samples were then brought to the lab and thrips were
filtered from the ethanol using Whatman #8 ruled filter paper with a grid (1). The
numbers of thrips on the paper were then counted by adult or immature life stages
under a stereomicroscope. On 19 July 2018, Entrust® SC Naturalyte® was applied
using a backpack sprayer to the designated experimental units at the assigned time.
Winds were negligible and no rain fell during the application. Five days after the
application (24 Jul 2018), each experimental unit was sampled again to determine
treatment efficacy using the same sampling procedure previously described. The
percent reduction in thrips relative to the pre-treatment counts for each timing treatment
and control was calculated then submitted to arcsin transformation before being
analyzed. Means were compared using LSD (P < 0.05). All means presented are
actual means.
Results and Discussion In the pre-treatment sample, most (89%) of the thrips
collected were immatures. There was an average of 100.23  5.7 adults and 12.05 
1.1 immature thrips per the sample of 15 terminals from 5 plants (Fig. 1). There was no
difference in the numbers of adults, thrips or combined life stages before treatments
were applied (P ≥ 0.79). All post-treatment samples, including non-treated controls had
fewer thrips than pre-treatment samples. Reductions in the control block could be due
to the maturing of thrips into the pupal stage or movement of thrips between plants.
Development of the plant-feeding immatures stages ranged from 3.25-6 d (4) and plants
were sampled at 5 d after treatment. Thrips in post-treatment samples were also mostly
(95%) immatures. Given the fast development time of the immature stages, these
immatures present in the post-treatment samples were likely eggs and not the same
individuals present at the time of the application. Relative to pre-treatment samples, the
percent reduction was significantly different between treatments (P = 0.036). Among
the timing treatments, the morning treatment (83% fewer thrips) was the only timing that
had a greater reduction relative to pre-treatment (Fig. 2).
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These results suggest that applications of spinosad made in the morning should have
greater impact on reducing chili thrips than those applied in evening or midday. Dale
and Borden (2) suggested the knockdown (similar to the percent reduction used in this
test) is most evident at 1 d after application, declining at 7 and 14 days to levels similar
to control plants. The 5 d between treatment and post-treatment sampling could have
impacted the conclusions from this experiment. Based on Figure 2, we could speculate
that the evening timing of treatment with spinosad may also have been significant if we
sampled at 1 d. After 5 d, the evening treatment was not significantly different from both
the non-treated control and the morning timing. This would make sense because both
timings would target a population of thrips that are less mobile (3, 7, 9, 11) and more
likely to have longer residency on treated plants. Readers should use caution when
trying to apply these results to insecticides with different routes of exposure. Spinosad
has activity by contact and ingestion. Insecticides that have contact activity may
produce similar results, but insecticides that rely on the thrips behavior such as feeding
deterrent may not.
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Figure 1. Numbers of thrips on three terminals of cleyera in pre- and post-treatment
samples from 5 plants in each block.

Figure 2. Percent reduction of adult and immature Chilli thrips from pre- to posttreatment samples when spinosad was applied at different times of the day to infested
cleyera.
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Active Predators of Crapemyrtle Bark Scale
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Significance to Industry The data shows that predatory insects present on crapemytle
were active predators of crapemyrtle bark scale. They can be recognized as a potential
method of A. lagerstroemiae scale population regulation. H. axyridis and C. cacti, in
particular, displayed considerable appetite for A. lagerstroemiae. Efforts should be
made to conserve the natural enemy populations.
Nature of Work Crapemyrtles (Lagerstroemia spp.) are flowering trees and bushes
native to Southeast Asia and Australia. They have been cultivated in the Southeastern
U.S. for over 175 years, and are commonly used in landscapes due to their long-lasting
summer bloom, diverse plant forms and function, and adaptability to a wide range of
macro and micro environments. Breeding efforts have resulted in 133 commercially
available cultivars as of December 2011, which has increased their popularity in the
landscape (1). In 2004, the crapemyrtle bark scale [Acanthococcus (=Eriococcus)
lagerstroemiae (Kuwana)] was first detected on trees in Richardson, Texas (4) and has
since spread across the southern U.S. (2). The aesthetic damage caused by the growth
of black sooty mold on the sugary excrement from this insect and the overall stress
placed on trees from heavy infestations led to the recognition of this pest as one of the
top nine pests to the ornamentals industry (3). While a large number of possible insect
predators have been associated with crapemyrtle bark scale (4), the purpose of this
research was to identify which common ones actually consume A. lagerstroemiae.
Predation characteristics were obtained from preliminary studies not described here.
Predators associated with Lagerstroemia spp. in College Station, Texas were collected
by hand and placed into centrifuge tubes with a screened hole in the cap. The predators
were placed in plastic petri dishes, 100mm diameter by 15mm height, with a water
moistened piece of paper towel that was 50.8 mm2 squared. Next, the petri dishes were
placed in an incubator for 24 hours, at 25°C and a 12L:12D light cycle. During this
predator starvation period, A. lagerstroemiae samples were collected from crapemyrtles
in College Station, Texas. The scale samples of A. lagerstroemiae were fed to the
predators after the 24-hour starvation period had elapsed. Each predator was provided
a branch with 10 undamaged adult females and a varying number of male pupae and
other life stages. The number of first instar scales, second instar up to adult, and male
pupae were recorded, but not standardized. For every ten adult female scales placed in
a petri dish there were also on average 3.83 first instar scales, 32.25 second instar

198

SNA Research Conference Vol. 63 2019

scales up to but not including adults, and 9.03 male pupae. Over the course of the
experiment 1,030 adult female scales were collected and placed in petri dishes to feed
predators. 394 first instars were collected with a standard error of 0.54 per petri dish.
Second instar up to but not including adults had a total of 3322 with a standard error of
3.23 per petri dish. Lastly, 930 male pupae were collected with a standard error of 0.88
per petri dish.
All damaged male pupae and adult females were removed from the branches with
forceps, thereby leaving only live, undamaged scales for the study. Predators and
scales were returned to the incubators for a period of 48 hours. After 48 hours, the petri
dishes were removed from the incubators, the predators were removed from the petri
dishes, and the number of present and/or damaged scales was recorded.
Results and Discussion The following number of individual predators were evaluated
during this two month-long study: 30 Chilocorus cacti adults (L.) (Fig 3), 30 Harmonia
axyridis (Pallas) adults and 25 Harmonia axyridis larvae (Fig 1 and 2). Also collected
and shown together in Figure 4 are 3 Hyperaspis lateralis (Mulsant), 1 Exochomus
marginpennis (LeConte), 7 Coccinella septempunctata (L.), 1 Axion plagiatum (Olivier),
and 4 Olla v-nigrum (Mulsant), as well as 2 assassin bugs, Zelus renardii (Kolenati). 6
H. axyridis larvae died and/or went into pupation before their trial ended but many were
still active predators as shown in Figures 1 and 2. The ones that remained still displayed
an appetite for adult females and second instar up to adult. Some scale eggs hatched
while in the petri dish during the feeding cycle. It is undetermined if individuals tested
active with this life stage or not due to high eclosion. This is with the exception of C.
cacti which consumed all life stages as shown in Figure 3. Every lady beetle tested was
shown to consume adult female A. lagerstroemiae. Figure 4, “other species,” indicates
that while the assorted predators shown were not collected in high numbers a
considerable number of predator species present in the environment will consumer A.
lagerstroemiae.
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Figure 1: For Harmonia axyridis adults, high levels of active predation were displayed for the
second instar up to adult category, adult females, and pupal males.

Figure 2: For Harmonia axyridis larvae, high levels of active predation were displayed.
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Figure 3: For C. cacti adults, high levels of active predation for every life stage of scales given.

Figure 4: Many species in this group showed interest in 2nd instar up to adult, adult
females, and pupal males.
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301 Funchess Hall, Auburn, AL 36849
Kmh0100@auburn.edu and dwh0004@auburn.edu
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Significance to the Industry False oleander scale (Pseudaulacaspis cockerelli
(Cooley), Hemiptera: Diaspididae) is a common pest of broadleaf evergreen plants and
palms. All life stages can be present year round (3) and there are no published studies
on crawler hatch period. In this study, we evaluated control of false oleander scale using
various insecticides applied as foliar treatments in April, and recorded the seasonal
occurrence of life stages and gravid females on Aucuba japonica. Insecticides provided
control of this scale species but none, including systemics, were effective beyond 4
months after treatment. Less than half of the females at any sample contain eggs or
crawlers and crawler hatch is not synchronous. Populations on leaves had two peaks,
mid to late July and in early November. The phenology and control work suggests that
maybe one treatment in early July may provide control of both population peaks.
Nature of Work False oleander scale was first described in California collected from
quarantined palms from China, and became common in the southeastern U.S. in the
late 1960’s (3,4,7,8). Female and male false oleander scale feed on leaves of broadleaf
ornamental plants causing chlorosis and making plants less vigorous (7). False
oleander scale has multiple life stages present on A. japonica year round. Females
spread out exhibiting a preference for the upper surface of leaves, whereas males
aggregate on the lower surface. Eggs and nymphs (crawlers) appear to have an
asynchronized crawler hatch period. Adults feed directly on plant cells and xylem
tissues, producing no sugary honeydew or sooty mold (5). Control of the different life
stages can be difficult due their abundant populations and hatch timing. Previous
studies, mostly from Florida, have evaluated applications of insect growth regulators,
systemic and contact insecticides applied on ornamental plants (1, 6, 7). In these
studies, reductions in scale populations are noted for 4-8 weeks after treatment with
certain insecticides, but populations are often not different from non-treated controls
thereafter. Applications are typically made in Jan, Feb, or Apr, but generally there is no
accompanying data on population dynamics or occurrence of crawlers. Building on
these previous studies, we investigated control of false oleander scale while
concurrently monitoring populations and occurrence of females with offspring (gravid).
We conducted an experiment, April to November 2018, using 3 gallon (trade) plastic
potted plants (Aucuba japonica) infested with false oleander scale obtained from a local
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nursery. These plants, about 2 years old, were never treated with insecticides before
being used in this study. Plants were transported to Auburn University campus, Auburn,
AL and held on an overhead-irrigated container pad under 50% shade. Plants were
fertilized (Osmocote 15-9-12, 55g per pot) on 29 Mar and again on 15 Jul. Plants were
infected with Phytophthora root rot and were treated with a granular fungicide (Subdue
GR, 38g per pot) on 9 Jul and 2 Aug. This resulted in stem and leaf loss on some
plants. They were watered routinely with overhead sprinklers, twice a day in the early
morning and late afternoon. During the summer, at peak heat, plants were watered
more frequently.
Within a week of the first treatment, plants were sampled to determine the initial
population and these data were also used to assign plants into blocks (replicates) with
similar infestation levels. We surveyed populations on a 10 leaf sample from each plant
using two methods; the number of leaves infested, and the number of live false
oleander scales per leaf, including all life stages. These methods were done initially
(time 0) and at each subsequent evaluation. In addition, a sample of 25 female scales
(gravid vs. nongravid) on a minimum of 5 leaves were evaluated from each plant. Posttreatment, populations were sampled on day 7, 14, 28, then again at 4 and 6 months
after the initial applications. Plants were randomly assigned to one of 12 foliar
applications or non-treated control (Table 1, 2, 3). The first application was made on 27
Apr, with a second application at the same rate 2 wk later. Treatments were sprayed
during appropriate conditions to avoid spray drift using a backpack sprayer.
In addition to monitoring the effects of foliar insecticides on populations of false
oleander scale, we monitored life stages and population dynamics on a set of 14 potted,
and non-treated A. japonica, using the same three sampling methods. Samples were
taken bimonthly, except for Sept and Oct when sampling was done once each month.
Results and Discussion Before treatment, populations ranged from 25.6-44 false
oleander scales of all life stages per leaf, with most plants having scales on 7 of the 10
leaves sampled (Table 2, 3). Across all post-treatment samples, there were no
significant reductions in the populations (all life stages) relative to the non-treated
controls from any insecticide (Table 3). However, differences between treatments were
detected for the percentage of live females and number of infested leaves. Ventigra plus
UltraPure oil (low rate) had significantly fewer live females than non-treated control
plants on day 7. Ventigra plus UltraPure oil (high rate) also had significantly fewer live
females than non-treated control plants on day 28. The two rates of Ventigra plus
UltraPure oil were never significantly different from one another. Similarly, this was the
only treatment that contained UltraPure oil. It is possible that the effects observed on
live females may then be due to the oil alone and not the Ventigra product. There were
no differences with 14 d after treatment in numbers of infested leaves, but there were
significant differences at 28 d and 4 months after treatment. At 28 d, treatments IKI3106, Azaguard (high rate), Ventigra, Tri-Star and Distance had significantly fewer
number of infested leaves than the non-treated control. After 4 months, only Talus and
Distance had significantly fewer infested leaves than the non-treated control (Table 2).
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All treated plants had similar numbers of infested leaves as non-treated control plants at
6 months after treatment.
False oleander scale populations on non-treated Aucuba plants (Fig. 1) suggest that no
more than 62% of females on leaves (gravid and nongravid) are alive at any time. Also
during the 8 months that were sampled, a maximum of only 45% of living females (in
Aug) ever had eggs (gravid). A majority of females are not gravid during most of the
year. In mid-Apr to early May, there is a decline in female survival that ends with about
32% of females alive. The proportion of living females increases back to 62% by early
Jul but declines to around 50% where it remains until Nov. From the beginning to the
end of Nov, the number of living females per plant declines to only about 30% by the
end of the month. Female scale insects that are dead, but that remain attached to host
plants is common occurrence for armored scales. From spring into early summer, there
are 15-44 scales (all life stages) per leaf. Between 6-20 Jul, scale densities quickly
increase to a peak average of 185 per leaf, only to decline and increase again to an
average of 127 per leaf by early Nov. These rapid increases and decreases in scales
per leaf are due to crawlers hatching. The rapid decline is due to dispersal to other
plants or mortality.
The timing of insecticide applications in this study and others likely explains why certain
products do not seem to provide adequate long-term reductions in false oleander scale
populations. Applications in spring are targeting a population already in decline. If
scales were actively feeding we would expect a more rapid decline in the population
following treatment. Since this study and others do not record short-term population
reductions (7 or 14 d), except when horticultural oils are used, it may indicate that older
individuals are not feeding readily and therefore not exposed to translaminar or
systemic insecticides. Our sampling of non-treated populations suggests that a late Jun
or early Jul application window may be more effective than spring applications. That
window would target an increasing population, where growth may indicate more feeding
and greater susceptibility to ingestion of insecticides. If populations need to be treated in
the spring for aesthetic reasons, perhaps an oil or other contact-active product could be
used for a short-term reduction in the population. Future studies should compare this
summer application window to a spring application timing for possible season-long
management of this scale insect. While this study was conducted on a non-flowering
host, precautions on insecticides labels should be followed when applying insecticides
to flowering hosts like magnolias and palms, especially when pollinators are present.
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Table 1. The mean (± SE) percent of live female false oleander scale evaluated out of 25 scale on a minimum of 5 Aucuba before treatment and
following two applications of 12 different foliar treatments.

Treatment

UTC
AzaGuard
AzaGuard
IKI-3106 50SL + NIS at
appropriate rate
IKI-3106 50SL + NIS at
appropriate rate
IKI-3326 SL
IKI-3326 SL
Ventigra + UltraPure Oil
Ventigra + UltraPure Oil
Altus
Talus 70DF
Tri-Star 8.5SL
Distance
Statistics

Rate
(oz. prod.
/100 gal)
NA
16
32

Mean (±SE) percent of live female FOS per sample after the following number of applications
Before
treatmenta
74±5.0md
76±6.5mcd
82±2.7mabcd

34±5.5*bcd
34±7.2*bcd
31±3.2*cde

22

78±4.1mbcd

28
12
16.5
7
4.8
14 (or 10.5)
14
16.5
12

Day(28)a

Month(4)a

45±5.4ab
43±5.0ab
44±11.6ab

49±9.2ab
49±10.6ab
31±10.3abc

57±9.7abc
47±10.4abc
58±8.0abc

49±8.6abc
51±4.6ab
49±8.9abc

26±5.6*cde

42±6.1ab

30±9.7abc

60±5.5ab

51±7.8ab

84±4.2mabcd

30±3.7cde

32±5.2b

22±9.9*bc

48±10.1abc

50±4.1ab

90±3.0mab
77±5.7mcd
92±3.4ma

37±5.9*bc
56±8.9a
19±4.6de

42±8.5ab
58±3.5a
23±4.1b

46±10.6ab
57±8.7a
14±5.5*c

47±5.9abc
64±8.3a
32±21.2bc

38±4.8abc
55±8.2*a
43±9.6c

28±8.6b
40±8.8ab
41±5.9ab
40±9.2ab
35±9.4b
F=1.26
P=0.270

27±10.8bc
36±11.1*abc
48±7.6ab
42±12.2abc
42±9.2abc
F=1.55
P=0.138

57±9.8abc
56±9.6abc
35±11.0bc
50±6.8abc
31±12.6*c
F=1.13
P=0.362

61±6.7a
42±7.2abc
59±8.4abc
57±4.8a
38±5.3bc
F=1.06
P=0.414

76±5.8cd
80±1.3mabcd
79±7.6mabcd
85±3.9mabcd
88±7.0mabc
F=1.56
P=0.137

Day(7)a

16±2.2*e
38±8.0bc
32±3.6*bcde
38±9.0*bc
49±5.3ab
F=3.05
P=0.003

Day14)a

Month(6)ah

m=maximum average number of scale recorded for that treatment
*=greatest reduction of populations relative to the before treatment sample
a Means in this column followed by the same letter were not significantly different at P = 0.05 (LSD)
b Means in this column followed by the same letter were not significantly different at P = 0.1 (LSD)
h Means in this column the homogenous group format cant' be used because of the pattern of significant differences
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Table 2. The mean (± SE) number of leaves infested with live false oleander scale evaluated out of 10 leaves on a minimum of 5 Aucuba before
treatment and following two applications of 12 different foliar treatments.

Treatment

UTC
AzaGuard
AzaGuard
IKI-3106 50SL + NIS at
appropriate rate
IKI-3106 50SL + NIS at
appropriate rate
IKI-3326 SL
IKI-3326 SL
Ventigra + UltraPure Oil
Ventigra + UltraPure Oil
Altus
Talus 70DF
Tri-Star 8.5SL
Distance
Statistics

Rate

Mean (±SE) number of leaves infested with live FOS per sample after the following number
of applications

(oz. prod. /100
gal)
NA
16
32

Before
treatmenta
7.0±0.71a
7.0±0.84a
7.2±0.73a

22

Day(14)a

Day(28)a

Month(4)a

Month(6)a

5.4±0.24a
5.0±0.55a
5.6±0.51a

3.8±0.86*ab
4.2±0.58ab
3.8±0.97ab

6.0±0.55a
4.2±0.49*abcde
3.4±0.51*bcde

8.4±0.24abc
9.4±0.40a
7.6±1.03abcd

8.4±1.1mab
9.6±0.40ma
8.6±0.93mab

7.0±0.45a

4.4±0.68a

2.8±0.73b

2.6±0.93*cde

8.2±0.92abc

8.8±0.37mab

28

7.0±0.55a

4.2±1.2a

4±0.63ab

3.6±0.75*bcde

9±0.63abc

9.0±0.45mab

12

7.0±0.71a

4.6±0.87*a

4.8±0.86ab

4.8±0.73abc

9±0.32mabc

8±1.0ab

16.5

7.2±0.74a

5.2±1.02a

4.2±1.4*ab

5±1.05ab

9.2±0.49ab

9.4±0.24mab

7
4.8
14 (or 10.5)
14
16.5
12

Day(7)a

6.8±0.66a
5.2±0.73a
4.0±1.1ab
7.2±0.58a
5±0.55a
2.6±0.68b
7.0±0.71a
5.6±0.93a
5.4±0.51a
7.2±0.86a
4.6±1.3a
5.4±0.68a
7.0±0.45a
5.6±0.75a
4±0.71ab
6.6±0.68a
6±0.55a
4.3±0.85ab
F=0.63
F=0.46
F= 1.01
P=0.804
P=0.927
P= 0.458

2±0.71*e
2.4±1.2*de
4.6±0.40*abcd
3.8±1.1*abcde
2.6±0.68*cde
3.6±0.68*bcde
F=2.10
P=0.035

6.0±2.1cde
7.4±1.1abcd
6.6±0.81cd
5.4±1.4de
6.8±0.37bcd
3.6±1.2e
F=3.67
P=0.0007

9.3±0.67mab
8.6±0.40mab
9.6±0.24ma
7.8±0.85mb
8.8±0.37mab
9.0±0.41mab
F=0.80
P=0.650

m=maximum average number of scale recorded for that treatment
*=greatest reduction of populations relative to the before treatment sample
a Means in this column followed by the same letter were not significantly different at P = 0.05 (LSD)
b Means in this column followed by the same letter were not significantly different at P = 0.1 (LSD)
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Table 3. The mean (± SE) number of live false oleander scale (all life stages) per leaf evaluated out of 10 leaves on a minimum of 5 Aucuba
before treatment and following two applications of 12 different foliar treatments.

Treatment

UTC
AzaGuard
AzaGuard
IKI-3106 50SL + NIS at
appropriate rate
IKI-3106 50SL + NIS at
appropriate rate
IKI-3326 SL
IKI-3326 SL
Ventigra + UltraPure Oil
Ventigra + UltraPure Oil
Altus
Talus 70DF
Tri-Star 8.5SL
Distance
Statistics

Rate

Mean (±SE) number of live FOS (all life stages) per leaf per sample after the following number
of applications

(oz. prod.
/100 gal)
NA
16
32

Before
treatmenta
25.6±3.2*a
26±3.6*a
27.6±3.7a

36.4±14.4abc
29.8±5.9abc
27.2±5.5abc

22

44.0±15.1a

11.8±3.5bc

28

42.2±8.5a

47.8±17.7a

39.2±17.4ab 26.0±12.4*ab

149.8±37.95mab

103.8±19.6ab

12
16.5
7
4.8
14 (or 10.5)
14
16.5
12

36.8±14.7a
30.4±4.8a
26.8±4.7a
42.2±10.1a
33±14.2*a
31.4±8.2a
35.4±07.5a
33.8±4.5a
F=0.57
P=0.856

46.2±11.4ab
37.4±16.99abc
25.6±7.7abc
9.8±2.4*c
36.8±15.7abc
23±7.2abc
36.6±19.7abc
47.2±11.7a
F=1.01
P=0.451

62.8±22.4a
19.2±6.6*b
15±4.2b
12.4±4.4b
44.4±23.3ab
21.2±5.98b
24±8.8ab
56.3±24.4ab
F=1.41
P=0.196

122.8±45.9mab
102.0±37.6ab
177.0±161.0ma
63.0±22.7ab
53.8±14.4ab
74.4±35.1mab
33.6±12.8b
75.8±38.6ab
F=0.81
P=0.638

120.6±45.0ab
155.6±62.9ma
117.7±27.4ab
78.0±31.9mab
128.2±37.7mab
40.0±16.2b
59.0±14.5mab
93.8±21.9mab
F=0.68
P=0.763

Day(7)a

Day(14)a

Day(28)a

31.8±14.8ab 33.6±18.2ab
29.0±6.2ab 30.6±9.97ab
19.8±8.7b
13.8±5.4*ab
8.8±2.96b

8.6±3.2*b

27.8±10.4*ab
21±7.3ab
5.6±3.5*b
12.6±6.8ab
45.2±29.4a
17.0±6.7*ab
12.4±6.2*ab
27.4±4.97*ab
F=0.88
P=0.571

Month(4)a

Month(6)a

61±17.99ab
109.4±25.4ab
61.6±24.7ab

133.6±80.5mab
133.4±23.1mab
92.2±15.9mab

82±51.3ab

114.4±34.1mab

m=maximum average number of scale recorded for that treatment
*=greatest reduction of populations relative to the before treatment sample
a Means in this column followed by the same letter were not significantly different at P = 0.05 (LSD)
b Means in this column followed by the same letter were not significantly different at P = 0.1 (LSD)
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Figure 1. The mean number of live FOS (all life stages) per leaf evaluated out of 10 leaves on a minimum of 5 untreated
Aucuba and the mean percent of live female FOS evaluated out of 25 on a minimum of 5 untreated Aucuba. Leaves were
steadily infested throughout this time period.
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