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Ornamental Grass Evaluations at NESPAL
John M. Ruter and Amy B. Carter
University of Georgia, Dept. of Horticulture, Tifton, GA 31793-0748
Index Words: Ornamental Grass, Landscape, NESPAL
Nature of Work: Ornamental grasses continue to increase in popularity
in the southeastern United States. Two trends identified by landscape
architects as most likely to affect plants specified over the next several
years are water availability and low maintenance landscapes (3). Many
ornamental grasses are considered to be low maintenance plants ideal
for conditions in which water conservation is a priority. Grasses also offer
variation in plant texture, form, color and seasonal interest for the homeowner and landscaper (1,2).
NESPAL is an acronym for the National Environmentally Sound Production Agriculture Laboratory located at the Coastal Plain Station in Tifton,
GA. Unique aspects of the NESPAL complex are the native plant community based design and the use of environmentally sound landscaping
practices. The grounds are also being used as a test site for landscape
plant establishment and adaptability evaluations.
As there have been no formal evaluations of ornamental grasses in the
Coastal Plain of Georgia, an experimental planting was established in
April of 1999 at the NESPAL site in Tifton, GA. The planting site is
approximately 30’x 60’and is situated between an asphalt parking lot and
a westfacing wall. The original soil was a Tifton loamy sand, however,
most of the topsoil was removed during construction leaving the “B”
horizon for landscaping purposes. During fall of 1998, approximately 3"
of a mixture of composted dairy waste and peanut shell bedding was
tilled into the top 6" of the soil. Annual rye grass (Lolium spp.) was
planted as a cover crop and was mowed as needed, leaving the clippings
in place. In February, 1999 another 4" of cotton gin compost was spread
over the area to be planted and incorporated to a depth of 6".
Well-rooted container-grown liners of 23 diffferent varieties of
commercially-available ornamental grasses were planted on April 30,
1999. Selections used were Andropogon gerardii, Andropogon
glomeratus, Andropogon ternarius, Andropogon virginicus, Calamgrostis
acutiflora ‘Karl Foerster’, Chasmanthium latifolium, Eragrostis curvula,
Eragrostis spectabilis, Festuca ovina ‘Elijah’s Blue’, Miscanthus sinensis
‘Adagio’, Miscanthus sinensis ‘Morning Light’, Muhlenbergia capillaris,
Panicum virgatum ‘Cloud Nine’, Panicum virgatum ‘Haense Hermes’,
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Panicum virgatum ‘Heavy Metal’, Panicum virgatum ‘Prairie Sky’, Panicum virgatum ‘Rotstrahlbusch’, Pennisetum alopecuroides ‘Hameln’,
Pennisetum alopecuroides ‘Moudry’, Saccharum ravennae,
Schizychyrium scoparium, Schizychyrium scoparium ‘The Blues’, and
Sorghastrum nutans ‘Sioux Blue’. A minimum of three replicate plants
was used for each variety. The area was mulched with a 3" layer of
mixed wood chips and was watered as needed for the first month,
periodically thereafter. All weeds were pulled by hand. The following data
were collected in October, 1999 (n=3): plant height and width, basal
clump width, inflorescence height, and lodging.
Results and Discussion: Favorite grasses among visitors were
Miscanthus sinensis ‘Adagio’, Panicum virgatum ‘Haense Hermes’, and
Panicum virgatum ‘Prairie Sky’. Ravenna Grass (Saccharum ravennae)
was the tallest grass in the study. This grass should be suited for
commercial or large-scale landscapes and appears to be well adapted to
the Coastal Plain region of Georgia. The best low growing grasses in the
study were Pennisetum alopecuroides ‘Hameln’ and ‘Moudry’. Lodging
was a severe problem for both selections of Schizachyrium scoparium.
Plants which exhibited poor growth were Calamagrostis acutiflora ‘Karl
Foerster’, Chasmanthium latifolium, Festuca ovina ‘Ehjah Blue’. The
Chasmanthium (Upland Sea Oats) have performed well in the Coastal
Plain Research Arboretum in Tifton where they receive filtered sunlight
and adequate soil moisture.
All the Andropogon spp. grew well but were not generally seen as
candidates for traditional home landscapes. Eragrostis curvula (Weeping
love grass) grew well and has been used successfully for bank stabilization at the NESPAL complex. Purple love grass (Eragrostis spectabilis)
has a fine, wonderful wispy texture but did not flower during 1999 in our
trials. While Muhlenbergia capillaris did not flower well in this trial, other
plants of this species planted in December of 1998 at the NESPAL
complex flowered heavily and drew rave reviews. Plant age and size may
influence flowering of this species. Miscanthus ‘Adagio’ was by far the
favorite grass in the trial. The cultivar ‘Morning Light’ did not grow as well
or flower as heavily as did ‘Adagio’. Of the five Panicum virgatum selections ‘Prairie Sky’ had the most outstanding blue foliage of any plant in
the trial. All five of the switch grasses have pleasing honey-colored
foliage in the winter with no hints of the red winter foliage for which
several of the cultivars were selected. Indian grass (Sorghastrum nutans
‘Sioux Blue) has an erect form but did not demonstrate the powder-blue
foliage for which it was selected. No significant insect or disease problems were noted. Evaluations are continuing in 2000.
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Significance to Industry: As landscape contractors, designers and
homeowners become more interested in conservation issues and more
educated about the active roles they play in good stewardship, growers
will need to supply suitable plant material to fulfill their requirements.
Knowing which grass species performed well in the landscape, the
growth rate and size after one growing season, and which plants were
rated highly by the public would benefit an segments of the green
industry. By incorporating grasses into the landscape at the retail level,
customers will see the varying seasonal interest and should be able to
make purchasing decisions based on the cultural information provided.
The ornamental grass evaluation plot at NESPAL has generated a
positive response and inquiry from most of our visitors.
Literature Cited:
1. Corley, W.L. 1975. Ornamental grasses for Georgia. University of
Georgia Research Rpt. 217. 13 pp.
2. Darke, R. 1999. The Color Encyclopedia of Ornamental Grasses.
Timber Press, Portland, OR. 325 pp.
3. Garber. M.P. and K. Bondari. 1993. Trends in plant material requirements of landscape architects. J. Env. Hort. 11: 110- 115.
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Hydrangea macrophylla Cold-Hardiness Evaluation
Sandra M. Reed
U.S. National Arboretum, ARS, USDA
Tennessee State University Nursery Crop Research Station,
McMinnville, TN 37110
Index words: Hydrangea macrophylla, cold-hardiness
Nature of Work: Over 200 cultivars of Hydrangea macrophylla, which is
commonly known as French, garden or bigleaf hydrangea, are currently
in existence (1, 2). Most of these cultivars were bred for use in European
or Japanese gardens, or for greenhouse potted plant production. Subsequently, there is little information available concerning the cold-hardiness
of the flower buds of these cultivars. Various nursery catalogs and trade
journal articles list certain cultivars as having superior cold-hardiness and
the ability to flower on current year’s growth; however, these reports are
not supported by scientific data. The following project was undertaken
for the purpose of rating in a replicated trial the floral bud hardiness of
several H. macrophylla cultivars for which anecdotal reports of coldhardiness have been made.
Twenty-one H. macrophylla cultivars were planted at the Tennessee
State University Nursery Crop Research Station, McMinnville TN (USDA
cold-hardiness zone 6b) and at the University of Missouri Horticulture
and Agroforestry Reseach Center, New Franklin MO (zone 5b) in 1997.
Plants were arranged in a complete randomized block design consisting
of 10 single-plant replications. The following cultivars were included in
this study: H. macrophylla f. macrophylla ‘All Summer Beauty’,
‘Alpengluhen’, ‘Blauer Prinz’, ‘General Vicomtesse de Vibraye’, ‘Horben’,
‘Madame Emile Mouillere’, ‘Marechal Foch’, ‘Masja’, ‘Mousseline’, ‘Nikko
Blue’, ‘Pia’, ‘Todi’; H. macrophylla f. normalis ‘Blue Wave’, ‘Mariesii’, ‘Pink
Lace Cap’; and, H. macrophylla subsp. serrata ‘Blue Bird’, ‘Blue Billow’,
‘Coerulea’, ‘Grayswood’, ‘Preziosa’, ‘Tokyo Delight’. H. macrophylla f.
macrophylla cultivars are commonly referred to as “mopheads”, whereas
H. macrophylla f. normalis and H. macrophylla subsp. serrata have
“lacecap” inflorescences. ‘Preziosa’ has small mophead flowers, and is
often listed as a H. macrophylla f. macrophylla x H. macrophylla subsp.
serrata hybrid.
The number of inflorescences on each plant was counted every 2 weeks,
from May 25, 1999 through August 30, 1999. Total number of inflorescences produced on each plant during the growing season was subjected to analysis of variance. Fisher’s LSD test was used for mean
separation (P ≤ 0.05).
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Results and Discussion: At both locations, there were significant
differences among cultivars for number of inflorescences produced
during the 1999 growing season (Table 1). At the McMinnville TN
location, three of the H. macrophylla subsp. serrata cultivars, ‘Blue Bird’,
‘Coerulea’ and ‘Blue Billow’, produced more inflorescences than any of
the other cultivars tested, with the exception of the mophead cultivar ‘All
Summer Beauty’. At the New Franklin MO site, ‘All Summer Beauty’ had
significantly more inflorescences than all other cultivars except ‘General
Vicomtesse de Vibraye’, ‘Marechal Foch’ and ‘Nikko Blue’.
In both locations, inflorescences were produced on many of the cultivars
throughout the summer. Peak flowering was from May 24 to June 21 in
McMinnville, with 76% of the total inflorescences produced during the
summer opening during this time period. For New Franklin, 83% of the
total number of inflorescences was produced from June 7 to July 5. The
distribution of inflorescence production throughout summer 1999 for the
four top-flowering cultivars at each location is presented in Fig. 1 and 2.
Information presented in this report represents only one year of data, and
as such, is very preliminary. The winter of 1998-99 was extremely mild
at both locations, and the flowering performance of the cultivars may
relate more to their general adaptation to the two locations than to the
cold-hardiness of the cultivars. For example, ‘Pia’ has flowered prolifically in McMinnville TN for several years when grown in containers under
60% shade. Its foliage, however, was severely damaged from the full
sun conditions under which it was grown for this study. The poor flowering performance of some of the cultivars may be due to their lack of
adaptation to full sun and not to a lack of cold-hardiness. Future plans
involve placing half of the replications under artificial shade so as to
better evaluate these cultivars.
Significance to Industry: Hydrangea macrophylla is a popular summer-flowering shrub that is easy to produce. Unusually winters and late
spring freezes can substantially damage flower buds, making it less
attractive to consumers. This report represents preliminary findings that
will identify to growers dependable H. macrophylla cultivars that flower
reliably.
Literature Cited:
1. Mallet, C., R. Mallet, and H. van Trier. 1992. Hydrangeas. Species
and cultivars. Centre d’Art Floral, Varengeville, France.
2. Mallet, C. 1994. Hydrangeas. Species and cultivars. Vol 2. Centre
d’Art Floral, Varengeville, France.
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Can Mycorrhizae Improve Tree Establishment
in the Landscape?
Julie Carlson, M. A. Kim Powell, and Stuart L. Warren
NC State University, Dept. of Horticultural Science
Raleigh, NC 27695-7609
Index Words: willow oak, mycorrhizae, phosphorus, irrigation
Nature of Work: Ninety percent of the world’s plants have symbiotic
associations with mycorrhizal fungi. Mycorrhizae, roughly translated
means fungus-root, can be divided into two major groups:
ectomycorrhizae and endomycorrhizae. These fungi colonize or “infect”
the roots of plants. Ectomycorrhizae colonize the roots of conifers
(pines, spruces) and hardwoods (oaks, beeches, and birches).
Endomycorrhizae are associated with a variety of trees and shrubs.
Mycorrhizae fungi develop an immense network of hyphae that, in effect,
serves as extensions of plant root systems. Mycorrhizae may benefit
plants by increasing nutrient uptake and drought resistance. As a rule,
mycorrhizal infection enhances plant growth by increasing nutrient
uptake via increases in the absorbing surface area (1). In general, most
growth enhancement effects of root infection with mycorrhizal fungi are
caused by increases in phosphorus (P) absorption. When root exploration is restricted, up to 80% of the plant P can be delivered by the
endomycorrhiza hyphae to the host plant. Unfortunately, comparable
data for ectomycorrhiza that infect many tree species used in landscape
plantings are lacking. In addition, with increasing soil P, the growth
enhancement effect of mycorrhizae declines and may either be abolished
or lead to growth depressions (1).
Mycorrhizae can also reduce plant response to drought by increasing the
water absorption capacity of the root system. In greenhouse studies,
mycorrhizae increased the drought resistance of cultivated crops such as
wheat, soybean, and onion. Research with trees have produced conflicting results. Unfortunately, most of the research with mycorrhizae has
been conducted in greenhouse or growth chamber environments. There
is little information on the function of mycorrhizae in field environments.
In addition, there is much anecdotal evidence for the benefits of mycorrhizal inoculants in landscapes, but there are few studies to back up
claims of their efficacy (2,3).
We expect mycorrhizae to have their greatest impact when plants are
exposed to growth-limiting environmental stress. Thus, newly transplanted trees may benefit from inoculation with mycorrhizae. Therefore,

411

SNA RESEARCH CONFERENCE - VOL. 45 -2000
the objective of this study was to evaluate the effects of mycorrhizae on
willow oak (Quercus phellos) establishment in the landscape under
various levels of environmental stress.
The experiment was a 2 x 2 x 2 factorial in a randomized complete block
design with four replications. Treatments were two levels of mycorrhizae
(with and without), two levels of phosphorus fertility (deficient and
recommended), and two levels of irrigation (with and without). Trees
receiving mycorrhizal inoculant were treated with a commercial product
(Mycor™ Tree Saver™) containing both endo- (AM) and ecto- (Pisolithus
tinctorius) mycorrhizal fungi. Trees in recommended phosphorus plots
were adjusted according to the recommendations from the N.C. Department of Agriculture (NCDA) soil report. Soil pH (pH = 6.0)and potassium
levels were adjusted according to the soil test results from the NCDA in
all plots. Nitrogen was added at one pound N per 1000 ft2 to all plots in
early March. In plots receiving irrigation, rainfall was supplemented via
spray stakes to maintain one inch of water per week. Plots receiving no
irrigation received no additional water. All plots were rototilled prior to
planting and mulched to a depth of two inches after planting. Mulch was
reapplied as needed to maintain two inches. Individual plots were 4 feet
by 4 feet with 5 feet between plots. The study was conducted at the
NCSU Horticulture Field Laboratory. Tree height and diameter were
measured at planting (October, 1998) and again February 10, 2000.
Data were subjected to analysis of variance procedure (ANOVA). Treatments means were separated by least significant difference (LSD), P =
0.05.
Results and Discussion: Mycorrhizae did not affect tree growth in 1999
whereas, P and irrigation did affect tree growth. Trees growing in soil
raised to the NCDA recommended P levels in combination with irrigation
increased 44% (Table 1). Trees growing in low P soils with irrigation only
increased 30% which was similar to trees with no irrigation. This suggests that for trees to respond to irrigation adequate P is needed. Survival was 100%.
Significance to the Industry: Even though anecdotal evidence for the
benefits of mycorrhizae inoculants in the landscape proliferates, there
are few landscape studies to back up claims of efficacy. One year’s data
from this study suggests that under our conditions mycorrhizal inoculations did not enhance tree survival or growth.
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Literature Cited:
1. Marschner, H. And B. Dell. 1994. Nutrient uptake in mycorrhizal
symbiosis. Plant Soil 159:89-102.
2. Marx, D.H., M. Murphy, T. Parrish, S. Marx, D. Haigler, and D.
Eckard. 1997. Root response of mature live oaks in coastal South
Carolina to root zone inoculations with ectomycorrhizal fungal
inoculants. J. Arboric. 23:257-263.
3. Sylvia, D.M. And S.E. Williams. 1992. Vesicular-arbuscular mycorrhizae and environmental stress, pp 101-124. In: R.G. Linderman
and G.J. Bethlenfalvay (eds.) Mycorrhizae in Sustainable Agriculture.
Special Publication No. 54. Amer. Soc. Agron., Madison, WI.

Table 1. Effect of phosphorus and irrigation on tree diameter growth.
Percent increase
Phosphorus
Low
Low
Recommended No
Recommended Yes

Irrigation
No
Yes

tree diameter
32 b
30 b
28 b
44 a
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Zinnia Cultivar Performance for Mississippi Landscapes
Norman Winter, Jim Curtis, and David Tatum
Mississippi State University
Miss. State, MS 39762
Index words: Zinnia, landscape, Queen of Cut Flowers, plant vigor
Nature of Work: Many consider the zinnia to be “Queen of Cut Flowers”. They offer potential not only to homeowners but also to growers
who might want to market cut flowers. Sixteen cultivars were seeded on
June 24, 1999 and transplanted to the field on July 13, 1999 in a completely randomized design. Each cultivar was replicated seven times.
Pre-plant fertilizer was applied as per recommendation from Mississippi
State University soil test. The plants were showing excellent bloom on
August 14, 1999 and continued through the evaluation period of October
26, 1999. Flowers were deadheaded regularly to keep blooms developing and as preparation for the Fall Flower and Garden Fest held October
16 and 17.
Results and discussion: A concern for gardeners and producers alike
are leaf spotting diseases that seem to occur from spring plantings and is
more prevalent in certain varieties. The zinnias had been producing for
74 days when the evaluation was taken. All varieties were considered
acceptable from a leaf-spotting standpoint. Crimson Monarch and Scarlet
Flame showed the most leaf spotting but two weeks before in informal
evaluation they were exceptional.
The smaller flower sizes on the above varieties are all part of what is now
known as the Oklahoma Series. Promotional literature suggests that they
reach 1 1/2 inches but all exceeded that in this trial. The other larger
flowered varieties are now part of the Benary Giant Series. The Association of Specialty Cut Flower Growers awarded the 1999 Fresh Cut
Flower of the Year Award to this series. The flower yield was acceptable
for all varieties. Uniqueness may be synonymous with the cliché “Beauty
is in the Eye of the Beholder”. White Weips was considered very unique
because of the rarity of white flowers. Consumers want red flowers and
Scarlet Flame, Crimson Monarch and Scarlach succeeded in meeting
this demand. Oklahoma Gold, Dream and Purple Prince were all considered outstanding.
Significance to the Industry: Late summer and fall plantings of zinnias
offer much to the homeowner who wants to beautify the landscape, or
have cut flowers. Small farmers who have a niche for marketing may
want to consider investigating the cut flower potential and certainly
zinnias could be considered a crop.
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Table 1. Zinnia

Uniqueness:
Outstanding
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Coleus Cultivar Performance for Mississippi
Landscapes
Norman Winter, Jim Curtis, and David Tatum
Mississippi State University, Mississippi State, MS 39762
Index words: Coleus, landscape, sun cultivars, plant vigor
Nature of Work: Coleus is fast becoming one of the most popular
plants for the landscape planted in bold drifts of color with annuals,
perennials or alone in beds in front of shrubs. Coleus has long been
thought of as only for areas with shade or filtered light. Nineteen cultivars
were evaluated in 1999 at the Crystal Springs Experiment Station located
in Plant Hardiness Zone 7B. The trial consisted of ten replications in a
randomized design.
The main criteria for the evaluation were the plant’s ability to perform
vigorously in full sun and to be attractive enough to have landscape and
market appeal.
Results and Discussion: The full sun location had an immediate
impact on several of the varieties. Wizard Golden, Wizard Velvet, Dip T N
Wine, Storm Showers and Karla II failed to perform in the sun. Swiss
Sunshine, Ducksfoot Red, Furnace Lava, Ducks Foot Yellow, Solar Flare,
Jade, New Orleans and Solar Eclipse had the best sun tolerance. There
was not an appreciable difference however with those rating 8 or higher
for sun tolerance. Varieties like Solar Eclipse, Burgundy Sun, and
Martha, though slightly lower in sun tolerance, offer color and uniqueness
that makes them highly marketable. Vigor seemed to be a relationship
with the plant’s ability to take the sun except with the variety Jade. Jade
was highly rated for sun tolerance yet the vigor was inconsistent, and the
uniformity was poor. Jade planted in raised beds where organic amendments had been added performed exceptionally well. Uniformity ratings
are related to the plant’s ability to perform in the sun (table I) where
Jade’s performance was inconsistence. Swiss Sunshine was the highest
rated and had good landscape appeal. Ducksfoot Red and Yellow are
also highly rated, unique and offer good marketability. Visually the Solar
Eclipse, Martha and Burgundy Sun had the most visual appeal from a
color standpoint. The rich saturated colors should equate to higher sales
and a performance that would satisfy the consumer.
Significance to Industry: Plant evaluation is a must for determining the
landscape qualities in promotional programs. The Mississippi Medallion
selection committee will review data from evaluation trials conducted
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throughout the southeast in determining winners for its promotional
program. These evaluations are useful to nurserymen and landscapers
in selecting coleus cultivars that will perform acceptably in various
landscape situations.

Table 1. Coleus Cultivar performance for Mississippi Landscapes,
1999.
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Mowing Heights, Nitrogen, and Potassium Effects on
‘Raleigh’ St. Augustinegrass
James N. McCrimmon
Department of Horticulture
Louisiana State University, Baton Rouge, LA 70803
Index Words: St. Augustinegrass, Stenotaphrum secundatum, Mowing
Height, Nitrogen, Potassium
Nature of Work: One of the most widely utilized lawn turfgrasses from
the Carolinas to Florida and throughout the Gulf Coast states into Texas
is St. Augustinegrass [Stenotaphrum secundatum (Walt.) Kuntze]. St.
Augustinegrass is adapted to areas with mild winter temperatures and is
tolerant of high temperatures during the summer months (1, 3). St.
Augustinegrass is primarily utilized for home and commercial lawns. It
will provide an adequate stand of turf under moderate maintenance
levels but, when maintained at a higher level of maintenance, it will
provide a denser and greener stand of turf with better overall quality (3).
Presently, ‘Raleigh‘ is the most commonly utilized cultivar of St.
Augustinegrass throughout Louisiana, and it has both excellent cold and
shade tolerance. It spreads rapidly, has a medium to dark green color,
has a medium to coarse leaf texture, and has very good shoot density
(2). ‘Raleigh’ has been utilized throughout the state since it has such
good cold tolerance and is readily available from nurseries. Limited
research has been carried out on the effects of mowing and nitrogen and
potassium fertility on ‘Raleigh’ St. Augustinegrass in Louisiana. The
objective of this study was to evaluate the effects of mowing height,
nitrogen, and potassium on the color and quality of ‘Raleigh’ St.
Augustinegrass.
A study was initiated on established turfgrass plots of ‘Raleigh’ St.
Augustinegrass in April of 1996 at the Burden Research Center in Baton
Rouge, LA. The study was a completely randomized design with 3
replications. It was a 2x2x2 factorial with the factors being: high (H) and
low (L) mowing heights; high (H) and low (L) rates of nitrogen (N); and
high (H) and low (L) rates of potassium (K) at the following levels:
mowing heights of 5 cm (2 inches) and 7.5 cm (3 inches); N rates of 454
and 227 g N/93 m2/month (1.0 and 0.5 lb N/1000 ft2/month); and K rates
of 454 and 227 g K/93 m2/month (1.0 and 0.5 lb K/1000 ft2/month). The
treatment combinations were (mowing, N, and K): HHH, HHL, HLH, HLL,
LHH, LHL, LLH, and LLL. Nitrogen applications were made in one
direction and K applications made in the perpendicular direction across
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the plots each month from May through October. All plots received
applications of a micronutrient fertilizer (June and August) and were
irrigated as needed.
Color and quality were determined visually on a monthly basis from May
through December (data for July - October is presented). These parameters were determined on a 1 to 9 scale as follows: color: 1=brown,
9=dark green; and quality: 1=lowest, 9=highest. The quality rating takes
into account color, density, and uniformity of the turfgrass stand and
provides an indication of the overall appeal of the turf stand (5). The
data analysis utilized the GLM procedure of SAS (4).
Results and Discussion: There were significant differences for color
(Table 1) and quality (Table 2) for ‘Raleigh’ St. Augustinegrass from July
through October, with the only exception being no differences for quality
in September.
Both the high and low mowing height and high N rate treatments (HHH,
HHL, LHH, and LHL) had the highest color ratings for all months and
were different from those treatments under the low N rate and both
mowing heights (Table 1). These four treatments had similar color
ratings, except for October when the HHH and HHL treatments had
higher ratings compared to the LHH and LHL treatments. Both the high
and low mowing heights under the low N treatments (HLH, HLL, LLH,
and LLL) resulted in color ratings that were similar for all four months.
Acceptable color for turfgrasses would be considered 5.00 or greater.
The HHH and HHL treatments were the only ones to have color values
equal to or greater than 5.00 for all months while the LHH and LHL
treatments had acceptable color for all months except July. All of the low
N treatments resulted in color ratings that were less than 5.00 for all
months.
Turfgrass quality was the best under the high mowing and high N rate
(HHH and HHL) during July and October (Table 2). For August, these
two treatments were similar to the LHH and LHL treatments which were
similar to the high mowing and low N treatments (HLH and HLL). There
were no differences in turfgrass quality for September. Turfgrass quality
of 5.00 was present for all treatments for August, September, and
October while only the high mowing and N rate treatments (HHH and
HHL) had a rating greater than 5.00 for July. The quality of the HHH and
HHL treatments increased from September to October and resulted in
very high ratings of 7.66.
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Significance to Industry: Nitrogen at the high rate in combination with
the high mowing height provided the best color and quality for ‘Raleigh’
St. Augustinegrass. The high N rate and low mowing height provided
good color and quality, also. The low N rate under both mowing heights
resulted in color ratings less than 5.00 which would be considered
unacceptable turfgrass color. There did not seem to be any trend
regarding potassium rates. Although the rates of K did not show any
visual differences as did the N rates, proper amounts of K are important
to the health and quality of the turfgrass stand since potassium is important regarding stress tolerance and water relations. In this study, the
high rate of N (1.0 lb N/1000 ft2/month) under the high mowing height
resulted in the best color and quality. The proper N fertility rate and
adequate K along with the appropriate mowing height will result in
‘Raleigh’ having acceptable color and excellent quality even into the
months of September and October.
Literature Cited:
1. Beard, J. B. 1973. Turfgrass: Science and Culture. Prentice-Hall,
Inc., Englewood Cliffs, NJ.
2. Decker, H. F. and J. M. Decker. 1988. Lawn Care A Handbook for
Professionals. Prentice-Hall, Inc., Englewood Cliffs, NJ.
3. Duble, R. L. 1996. Turfgrasses Their Management and Use in the
Southern Zone. Texas A&M University Press. College Station, TX.
4. SAS/STAT Guide for Personal Computers. Version 6. 1987. SAS
Institute, Inc., Cary, NC.
5. Skogley, C. R. and C. D. Sawyer. 1992. Field Research. pp. 589614. In D. V. Waddington, R. N. Carrow, and R. C. Shearman (ed.)
Turfgrass. Monograph No. 32. ASA-CSSA-SSSA. Madison, WI.
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Seeded Turf Type Bermudagrasses
James N. McCrimmon
Department of Horticulture
Louisiana State University, Baton Rouge, LA 70803
Index Words: Bermudagrass, Cynodon dactylon, Color, Texture,
Density, Uniformity, Quality
Nature of Work: There has been a renewed interest in developing
bermudagrass [Cynodon dactylon (L.) Pers.] cultivars that can be propagated by seed. Seed can be shipped quickly, and the relative ease and
economy of seeding bermudagrass versus vegetative propagation may
have some advantages in certain cases (1, 2). Until recently, the only
seeded bermudagrass was ‘Common’, sometimes referred to as ‘Arizona
Common’. Prior to 1987, the only other seeded bermudagrass besides
‘Common’ was ‘Guymon’ which was released in 1982 (1, 3). Although it
had superior cold tolerance and greener color than ‘Common’, it has
mainly been utilized for soil stabilization and as a general use turf thus
receiving limited use in well maintained turf areas. In 1987, ‘NuMex
Sahara’ was released as a bermudagrass cultivar that had greater shoot
density and greener color than ‘Common’ and was considered an
improved seed propagated bermudagrass (1, 2, 3). ‘Cheyenne’ was
released in 1990 and is characterized by a darker green color and more
dense growth habit with improved cold and drought tolerance compared
to ‘Common’ (1).
Since the early 1990’s, there have been numerous cultivars of seeded
bermudagrass that have been released by various seed companies (1, 2,
4). The availability of these different cultivars has increased as seed
production has increased. Although there is an interest in the use of
these seeded cultivars for golf course fairways and athletic fields, these
cultivars can be utilized for home and commercial lawns. With the
continued construction of golf courses, the increased need for improved
athletic fields, and the continuing construction of homes and commercial
buildings which have turf, there is great potential for the utilization of
seeded bermudagrasses. There is limited information concerning
seeded bermudagrass management. The objective of this study was to
evaluate the turfgrass color, texture, density, uniformity, and quality of
several cultivars of seeded bermudagrass.
During the early summer of 1996, plots of seeded bermudagrass were
established at the Department of Horticulture’s turfgrass research plots at
the Burden Research Plantation. The 14 seeded bermudagrass cultivars
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were as follows: ‘Cheyenne’, ‘Common’, ‘J-540’, ‘Jackpot’, ‘Mirage’,
‘Primavera’, ‘Princess’, ‘Pyramid’, ‘Sahara’, ‘Sonesta’, ‘Sultan’, ‘Sundevil’,
‘Sunstar’, and ‘Yuma’. Cultivars were randomly assigned within each
replication and there were three replications. The turf was maintained at
a height of 2.54 cm (1 inch) and fertilized at the rate of 454 g N/93 m2/
month (1.0 lb N/1000 ft2/month). Turfgrass color, texture, density,
uniformity, and quality were determined in August. These parameters
were determined on a 1 to 9 scale as follows: color: 1=brown, 9=dark
green; texture: 1=very coarse, widest leaf blade, 9=very fine leaf blade;
density: 1=no turf, 9=complete stand of turf; uniformity: 1=presence of
bare areas, weeds, damaged turf, 9=absence of bare areas, weeds,
damaged turf; and quality: 1=lowest, 9=highest. The quality rating takes
into account color, density, and uniformity of the turfgrass stand thus
providing an indication of the overall appeal of the turf stand (6). The
data was analyzed utilizing the GLM and LSD procedures of SAS (5).
Results and Discussion: There were no differences among cultivars
for turfgrass color but there were differences for texture, density, uniformity, and quality (Table 1). All color ratings were greater than 5.0, and all
ratings would be acceptable. ‘Princess’ had the finest texture (6.0) while
four other cultivars (‘Mirage’, ‘Primavera’, ‘Pyramid’, ‘Sonesta’) had
texture that was not statistically different from it. ‘Common’ had the most
coarse texture (4.0) and there were several other cultivars that were not
different from ‘Common’. ‘Princess’ had the highest shoot density of 6.7
but was not different from ‘J-540’, ‘Jackpot’, ‘Mirage’, ‘Sonesta’, and
‘Sultan’. The lowest shoot density was for ‘Sundevil’ which had a rating
of 3.0. Several other cultivars had densities that were similar to
‘Sundevil’, and these values would be considered low. There were very
few differences among the cultivars for uniformity. ‘Sundevil’ had the
lowest uniformity and was different from all cultivars except ‘Common’
and ‘Pyramid’. Eleven of the cultivars had uniformity ratings of 7.0 or
greater; this would indicate that most plots had filled in and that few
weeds or bare areas were present. Quality ratings were the highest for
‘Princess’ which was not different from 7 other cultivars. ‘Cheyenne’ and
‘Common’ had the two lowest overall quality ratings; although, they were
not different statistically from several other cultivars.
Although some attributes were not statistically different among all cultivars, there was a trend for the ratings for ‘Princess’ to be higher numerically when compared to many of the other cultivars. Many of the more
recently released cultivars performed better than did ‘Common’ and
‘Cheyenne’. Thus, there are many improved seeded bermudagrass
cultivars that would be better suited for use than would ‘Common’ since
these cultivars provide a greener and more dense stand of turf with
better uniformity and improved overall quality.
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Significance to Industry: Many of the turfgrass seed companies are
doing research to develop seeded cultivars of bermudagrass that will
provide material that will supplement the use of the vegetative cultivars.
With the increased growth in golf course construction, the need for
improved athletic fields, and the continuing need for home and commercial lawns, the use of seeded bermudagrass in these areas has great
potential in Louisiana and the Southeast. Much research remains to be
carried out to see which cultivars will provide the best quality turfgrass
under different management practices such as fertility rates and mowing
heights. In the future, more cultivars will be released, and there will be
continued improvement of color, texture, density, uniformity, and quality
for the seeded bermudagrasses.
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Magnolia grandiflora Evaluations in South-Central
Alabama
J.L. Sibley, G. Creech, J.S. Glenn, C.H. Gilliam, J.D. Williams and J.T.
Owen
Department of Horticulture, Auburn University
Index Words: Southern magnolia, cultivar trials, landscape trees
Nature of Work: In landscapes where the climate permits (generally
USDA Zones 6-10) southern magnolias are an automatic choice as
symbols of the South (1, 2), reminiscent of large antebellum homes or
property pins of past. In December 1983, twelve southern magnolia
selections were added to a comprehensive tree evaluation project
initiated in 1980 including over 200 kinds of trees (3). The study was
conducted at the Piedmont Substation in Camp Hill, AL in USDA Plant
Hardiness Zone 7b in a Cecil gravelly sandy loam soil. The overall plot
plan consisting of over 2,100 total trees was arranged in a randomized
complete block design with 3 replications of 3 trees each for a total of 9
trees per selection. Trees were spaced 25 feet apart within rows and 30
feet between rows and no supplemental irrigation irrigation was applied
except at planting. While trees originated from several nursery sources,
all trees were container grown prior to field planting and were of similar
size at installation. A complete fertilizer (13-13-13) was applied at planting and in subsequent years in early spring at one pound of nitrogen per
one-inch of caliper. Weed control consisted of two applications per year
of Roundup or Gramoxone for post-emergence weed control and a
spring application of Surflan at four pounds per acre for pre-emergence
weed control. Herbicides were applied as directed sprays around the tree
base in a 4 - 6 foot diameter. While all cultivars sustained minimal deer
damage in the first year, no other pruning has occurred on the trees.
Growth rates were determined by recording tree height, canopy spread
and caliper (measured at 12 inches above the soil line).
Results and Discussion: In general the seedling selections from a
native population near Mobile, Alabama and ‘Margaret Davis’ have
demonstrated the greatest overall growth based on total height, caliper,
and canopy width, with height on ‘Smith Fogle’ being similar to these
cultivars (Table 1). Least overall height growth was for ‘Little Gem’ and
‘Majestic Beauty’. ‘Hasse’ with a canopy width of 11.6 feet and ‘Little
Gem’ with a canopy width of 13.9 feet demonstrated the most narrow
form, which is a trait expected when these cultivars are placed in landscape settings. Likewise, ‘Hasse’ had a smaller caliper than all other
selections in the study with the exception of Aldridge, ‘Little Gem’, and
‘Majestic Beauty’.
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Brief descriptions for many of the selections included in these trials have
been listed elsewhere (1, 2) with the following exceptions. Overall, the
Magnolia grandiflora seedlings, included as representatives of the
species, were among the most aggressive growers in the study, but were
highly variable from tree to tree in form, leaf morphology and anatomy,
and canopy density, all of which might be expected from seedling magnolias (2). Only one seedling in our study was attractive enough for
commercial potential with few if any unusual or outstanding characteristics evident in the other seedlings. A selection from Aldridge Nursery
(now Von Ormy Growers, Inc.) in Von Ormy, Texas is managed by Von
Ormy Growers as a seedling strain and was included in our study under
the name Aldridge. The Aldridge strain was selected over a number of
years by the late R.C. Aldridge based on blooming at a young age,
typically one year to eighteen months. There was little variability in
growth characteristics of the Aldridge trees in this study and blooming
began in the second year of the study (1985). We have also noticed an
extended blooming season with the Aldridge trees, often extending
through the end of July, however the foliage has consistently been the
lightest green of all selections and leaf drop during stress has been
common. Three unnamed, numbered selections (SG#4, SG#5, and
SG#6) were included from Shady Grove Plantation in Orangeburg, SC.
SG#5 has since been released as cultivar ‘Smith Fogle’. ‘Smith Fogle’
has an attractive ovate-pyramidal form with dense brown backs to leaves
that are dark green and larger than SG#4 and SG#6. Leaf drop, a
common concern among magnolia selections is similar to other cultivars.
SG#4 has been dropped from production by Shady Grove, and SG#6 is
still in production at Shady Grove but at this point has not been registered as a cultivar.
One of the most attractive trees in the study is ‘Hasse’ with a narrow
upright form, small leaves with dark brown backs, and unusually good
leaf retention throughout the year. ‘Little Gem’ also has good leaf retention with dark brown backs to a small deep green leaf. While height
through 1999 has reached around 24 feet for this dwarf selection ‘Little
Gem’ has a bunchy, shrub-like form as if having been top-pruned. ‘Little
Gem’ has the longest blooming season of all trees in our study, with
sporadic blooms from May through the fall.
Based on our observations and the data from this study, ‘Glen St. Mary’
and ‘Bracken’s Brown Beauty’ are worthy of the popular acclaim and
widespread use they enjoy in our industry. ‘Glen St. Mary’ has a large
brown backed leaf that tends to hang in a downward position revealing
veins more evident on the leaf surface than most other cultivars. The
canopy is broad and dense with a pyramidal form making it one of the
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best selections for landscapes needing a large Magnolia. ‘Bracken’s
Brown Beauty’ is truly beautiful with upright leaves exposing the velvet
brown undersides and with upper leaf surfaces dark green where visible.
The canopy is dense, very symmetrical, somewhat upright and ovate and
also would easily be one of the better choices for large spaces.
‘Claudia Wannamaker’ has an attractive form well suited for large spaces
with a medium growth rate compared to other cultivars in this study
(Table 1). The foliage is decent, but with only dusty-green to light brown
undersides to leaves. ‘Margaret Davis’ with a broad, open canopy could
also be used where a large growing Magnolia is needed. The leaves
have light brown undersides, not outstanding but somewhat attractive.
Perhaps the least attractive cultivar in this study is ‘Majestic Beauty’,
leaves of which are the largest of any in the study, but which are also the
lightest green of all but the Aldridge strain. Also, the growth habit overall
is irregular, lacking any particular characteristic form and the often
redeeming value of many cultivars - a brown back to the foliage - is
lacking, with undersides pale green.
Significance to Industry: The benefits of tree evaluations at the
University level are significant. Such long-term observations are not often
feasible in commercial nurseries primarily concerned with growing and
marketing the best selling plant materials, nor are such plantings likely to
occur in a replicated fashion in long-term sites such as arboreta primarily
concerned with display of numerous species in limited quantities. These
trees have developed into excellent specimens in spite of being grown
under low-maintenance field conditions. Furthermore, environmental
conditions change such that long-term field observations are particularly
valuable as a reference point for landscape use as opposed to the often
rapid and somewhat artificial growth responses available from short-term
container studies. The Auburn University Shade Tree Study site continues to be maintained for grower observations, seed collection, and tours.
However, due to the remote location about 25 miles from campus, visits
must be scheduled ahead of time in most cases.
Literature Cited:
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Garden Performance of Thirteen Tulip Cultivars In Two
Plant Hardiness Zones Within Tennessee
Hubert P. Conlon, Susan L. Hamilton,
Linda Gombert & J. Robert Brackman
University of Tennessee, Knoxville, TN 37690-1091
Cheekwood Botanical Gardens, Nashville, TN 37205
Index words: Tulip, Tulipa x hybrida, Garden Performance
Nature of Work: Public gardens are continually evaluating new cultivars
of flowering plants. Many tulip (Tulipa x hybrida) cultivars demonstrate
poor flower (bloom) longevity in Southern gardens. Some cultivars
develop deformed blooms, flowering is not consistent within the bed and
flower height is not uniform.
In the first week of December 1999, thirteen cultivars of tulips, 100 bulbs
of each, were planted in Nashville, TN (USDA plant zone 7a) and similarly in Knoxville, TN (6b). Plant beds consisted of a silt loam soil which
had been amended over several years with pine bark, peat, compost and
sand. Tulip bulb grade was “top size,” 13 cm and larger and were planted
to an average depth of 6 inches. The bed was situated in full sun and
bulbs were spaced 10 inches apart. The bed was fertilized prior to setting
bulbs with 2 pounds of 10-10-10 per 100 sq. ft.
Results and Discussion: Table 1 outlines the duration of bloom at the
two garden sites. Flower longevity (no. of days in bloom) is the color
expression totaling 50% or more of the tulip flowers within each cultivar
block. Flowering dates of the 13 cultivars in the Knoxville site are reported in Table 2.
Tulip Cultivar Notes
Peerless Pink - 8 inches, single lavender-pink (similar to Upstar), white
throat and green streak on some petals. Staggered bloom time.
White Dream - 10- 12 inches. Pure white. Good uniformity of habit and
all blooming at sametime. Smaller flower than the Darwins, but very nice.
Big Chief - 18 inches. deep salmon with forsythia yellow throat. Single.
Good flower height uniformity and habit.
Orange Queen - Red-orange with yellow mottled throat and a black eye.
Good uniformity of flower habit and timing but short longevity.
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Pink Impression - 18 inches. Salmon colored outside, deeper salmon
inside with a black eye and white edge. Good uniformity and flower
longevity.
Red Impression - 18 inches. Crimson red with black eye. Good uniformity of habit and flower longevity.
Alabaster - Pale cream yellow with white edge. Single. Good uniformity
of habit, but not all open at once.
Blushing Beauty - 12-18 inches tall. Golden yellow along outer edge of
sharp-edged petals, fading to peach with light yellow eye. “Pointy-edged”
petals. Not uniform in habit or flower longevity.
Cantor - 15 inches. Deep lavender-pink with white eye. Good uniformity
and all open at once.
Deep River - 12-18 inches. Forsythia yellow with peachy-orange swash
on each pointed edge petal. Not uniform in habit or flower longevity.
Uncle Tom - 8-12 inches. Deep velvety maroon. Double. Short and not
uniform in habit and several blooms were deformed.
Renown Unique - 12-18 inches. Deep salmon double and tall. No
uniform height.
Upstar - 8-12 inches. Lilac-pink double. Short and not uniform in habit.
Several blooms were deformed.
We recommend only four cultivars, based on flower longevity, height
uniformity and minimal bud deformity: White Dream, Pink Impression,
Red Impression and Cantor. Unfortunately, the three double late cultivars
were extremely variable in flower height and bud deformity.
Significance to Industry: Uniformity in flower and plant height and
flower longevity are important characteristics in selecting cultivars for use
in public and private gardens. We will continue to observe and report on
the garden performance of other tulip cultivars in future trials.
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Horticulture Information Preferences Among Master
Gardeners
Amy Fulcher, Kathy Keeney, Winston Dunwell, and Robert Geneve1
University of Kentucky
Index Words: Information, Preferences, CD, Customer, Master
Gardener
Nature of Work: Many horticulture businesses are feeling the pressure
of the all-time low national unemployment rate. In a recent survey of
horticulture businesses, the highest ranking concern was a lack of
qualified labor (1). Many factors contribute to the horticulture industry’s
labor problems. The horticulture industry is at a disadvantage by competing with year round employment, less physically demanding tasks,
and health insurance. National fast food chains, supermarkets, and
clothing stores can offer these benefits, but most small, independentlyowned retail garden centers cannot. The challenge of attracting and
retaining reliable, knowledgeable workers is reflected in many recent
trade journal articles (5,6,9). The ideas range from training and hiring
those transitioning from welfare to work to hiring college interns (8,7).
Labor shortages can be most critical during the spring rush when extra
employees are most needed. During the spring season, many businesses are overwhelmed with customers, not only making purchases,
but also asking questions. Barton and Behe (2) found that a garden
center’s willingness to help customers and provide prompt service tied
for second among 7 features that contribute to a quality garden center.
Employing the manpower to field these questions while waiting on
customers can be a strain on the retail work force. To keep customers
with questions happy and informed, garden centers have tried many
approaches, from an informational booth and phone lines staffed by an
employee, to a table with the Ortho Problem Solver, to preprinted
factsheets. Considering the plethora of technological and informational
advancements and the labor shortage, a logical progression is a computer-manned kiosk.
In order to determine how retail garden center customers would respond
to computer and book information sources, a preliminary survey was
done utilizing Master Gardeners trained by the Kentucky Cooperative
Extension Service. Twenty-one Master Gardeners in West Kentucky
were surveyed over a 7 day period in late Spring of 2000. The Master
Gardeners used a booklet, Large Trees, the Giants of Kentucky’s Landscape (3) and the CD that was developed from the book, Large Trees for
Kentucky Landscapes (4). There were two types of questions on trees,
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those requiring the participants look up a trait of a specific tree by tree
name (ex. Norway maple) and those asking the participants to find any
tree with certain characteristics (ex. fast growing). Half of the participants were asked to first answer questions from the book, then use the
CD to answer the same questions and half of participants used the CD
first, then the book for the same set of questions. Participants evaluated
their preferences and the advantages of each format and the usefulness
of the factsheet printing option on the CD. Background information on
the participants was also collected. The computers used had 32 megabytes RAM, NeoMagic Magic Graph 128 XD displays at 800*600 pixels,
and 3 gigabyte hard drives. Data were subjected to Pearson’s Correlation Coefficients and Chi-Square Tests.
Results and Discussion: The authors tested a CD and booklet created
with financial support from an Urban and Community Forestry grant from
the Kentucky Division of Forestry. Initially the booklet and CD were
created as tools for foresters fielding urban forestry questions. Because
of the wealth of information and the quality of the images contained in
both the booklet and the CD, both formats were logical sources of
information for audiences other than the foresters for which they were
intended. However, in interpreting the results of the study, it is important
to note that the information formats were not created for home gardeners. It is also important to note that this is only a preliminary study and
the small sample size will limit inferences that can be made from the
data.
The average Master Gardener surveyed was female, greater than 50
years old, and shopped in garden centers more than 6 times a year
(Table 1). There were no significant correlations among age, sex, years
gardening, familiarity with computers, or prior use of the booklet, with the
booklet or the CD being easier to use. Having previously used a home
computer to obtain gardening information did make those surveyed more
likely to respond they would prefer a computer printout over a preprinted
factsheet, if available.
The fact that 85% of those surveyed stated they would use a book and
95% would use a computer if they were available at garden centers
implies that some customers are willing to utilize an unmanned, selfservice information booth (Table 2). Of those surveyed 60% felt the CD
was easier to use than the booklet to obtain information (Table 3). The
reasons why include: they were familiar and comfortable using a computer (42.86%), using the computer was faster (42.86%), they could click
back and forth (52.38%), and more information was provided (52.38%).
Although 52.38% stated one of the reasons why the CD was easier was
the additional information on the CD, this additional information was not
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required to answer the questions on the survey. The 40% who felt the
book was easier to use stated this was because: they were familiar with
books (33.33%), they were comfortable using books (28.57%), the book
was faster (33.33%), they could flip back and forth through pages easily
(38.10%), and there was less information to sort through (9.52%).
There are potential limitations to using a computer at a garden center
information booth, one being the computer specifications. Others may
find different results with slower computers or those with poorer monitor
resolution. Other factors that may lead to customers dissatisfaction or
increased company costs include: the printer running out of paper,
paying for printouts, dirt or other foreign particles inhibiting the computer,
and vandalism.
Over half of the participants responded that having a keyword search or
lists of trees by qualities or characteristics would improve the CD. They
also felt having additional lists, specifically, lists grouping trees by cultural
characteristics, would be an asset for the book.
Significance to the Industry: Garden center operators have many
techniques to offer information and assistance to shoppers. Just as
signage can be used in lieu of sales staff to direct, promote, and inform,
computers and books can be valuable information resources for garden
center operators and their customers. These formats of information can
be even more crucial during periods of heavy business or during labor
shortages.
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Landscape Performance of
Ornamental Sweet Potato Cultivars - 1999
Allen Owings, Drew Bates, and Stephen Crnko
LSU Agricultural Center
Baton Rouge, LA 70894
Index Words: ornamental sweet potatoes, landscape performance
Nature of Work: Ornamental sweet potatoes have gained a considerable amount of interest among landscapers and home gardening consumers in the Mid-South over the last couple of years. The LSU Agricultural Center has been been actively involved in evaluating the landscape
performance of these plants over the last several years. Five ornamental
sweet potato cultivars (Black Beauty, Tricolor, Blackie, Marguerite, and
Summer Frost) were trialed in 1999. Four-inch containers of recently
rooted sweet potato cuttings were planted in early April in raised beds
located in full sun. Spacing was 3 feet between plants with ten plants per
cultivar. Approximately 1 lb N/1000 square feet StaGreen Nursery
Special 12-6-6 was broadcast over the rows immediately after planting.
No additional fertilizer was applied during the evaluation period. Plants
were mulched to a depth of 2 inches with pine straw and supplemental
drip irrigation was provided as needed to prevent stress. No pruning was
conducted. Visual quality ratings were made twice monthly from May
through October using a scale from 1 to 10 with 1=worst, 10=best.
Included in this rating were foliage color/appeal, growth habit, and vigor.
Visual quality ratings were averaged to determine a monthly and yearly
mean.
Several cultivars of ornamental sweet potatoes are currently available.
Blackie has deep purple/black foliage and deeply cut leaves. Marguerite
is recognized by chartreuse lime green foliage and has heart-shaped
leaves. Leaf color on these is pretty much maintained regardless of
temperature. Some newer and experimental cultivars lose some leaf
color characteristics under shaded or cool-season growing conditions.
Tricolor (Pink Frost) is a cultivar with multi-colored foliage (green, pink,
and white). It has significantly reduced vigor (less agressive horizontal
growth habit) and does not need as much maintenance pruning as
Blackie and Marguerite. Several newer cultivars are currently being
evaluated by the LSU Agricultural Center. These include Black Beauty,
another black foliage cultivar (with rounded leaves as opposed to the
deeply cut leaves of Blackie) from Texas A&M University. Recently,
scientists at the LSU AgCenter have isolated viruses from some of these
sweet potatoes while others have been determined virus-free. Blackie
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and Marguerite have been selected as Florida Plants of the Year and are
also being promoted as Georgia Gold Medal Winners.
In Louisiana, distribution of ornamental sweet potatoes into “sweet potato
weevil free” areas is regulated by the Louisiana Department of Agriculture and Forestry. The sweet potato weevil-free parishes in Louisiana are
Claiborne, Lincoln, Jackson, Union, Winn, Ouachita, Cladwell, LaSalle,
Morehouse, Richland, Franklin, Catahoula, West Carroll, East Carroll,
Madison, Tensas, and Concordia. These parishes are contiguous and
are located in the northeastern portion of the state. Ornamental sweet
potato plants originating from or grown in a sweet potato infested area
may not be shipped to sweet potato weevil-free areas in Louisiana or to
sweet potato weevil-free areas of other states. In Mississippi, the three
coastal counties (Hancock, Harrison, and Jackson) are infested with
sweet potato weevils - the other counties in Mississippi are considered
weevil-free. Approximately two-thirds of Texas (south and central) is
infested with sweet potato weevils. Most of north Texas is considered
sweet potato weevil-free. Alabama and Arkansas only accept ornamental
sweet potatoes grown in weevil-free areas.
Results and Discussion: Blackie, Black Beauty, Marguerite, and Pink
Frost (Tricolor) were good landscape performers in 1999. Visual quality
ratings ranged from a year-average of 8.6 for Marguerite to 4.8 for
Summer Frost. Black Beauty had a slightly higher visual quality rating
than Blackie. Performance of Summer Frost, a white and green variegated cultivar, was not acceptable. Most cultivars were very vigorous Black Beauty, Blackie and Marguerite covered over 30 square feet per
plant by the end of September. Pink Frost (Tricolor) was less vigorous
but still covered almost 20 square feet per plant. Some sun scald was
evident on Marguerite. Heavy insect feeding occurred on Summer Frost,
with medium insect feeding on Black Beauty and Blackie. Marguerite and
Pink Frost (Tricolor) had the least amount of insect damage to the
foliage.
Significance to the Industry: Ornamental sweet potatoes have considerable potential for commercial and residential landscape use in Louisiana. Industry confusion over the sweet potato weevil quarantine has
slowed acceptance and expansion of plant use. Black Beauty may offer
improved performance when compared to Blackie. Plans are to provide
additional information on landscape and container production performance of virus contaminated and virus-free ornamental sweet potato
cultivars in the near future.
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The University of Kentucky Home Landscape IPM
Program
Richard E. Durham1, John R. Hartman2, Monte P. Johnson3, and
William M. Fountain1
1
Department of Horticulture, 2Department of Plant Pathology, and
3
Department of Entomology, University of Kentucky, Lexington, KY
40546-0091.
Index Words: Integrated Pest Management, Plant Health Care
Nature of Work: A home landscape integrated pest management (IPM)/
plant health care (PHC) extension program has been initiated in the
University of Kentucky College of Agriculture. While the Kentucky
Cooperative Extension Service has issued information in the form of
brochures and videos highlighting IPM practices for professionals
managing public landscapes, little information is readily available to the
public. The International Society of Arboriculture and several states have
developed extension material related to home landscape IPM/PHC or
environmentally friendly landscaping including Pennsylvania (1) and
Florida (2). We have used publications from these states as models in
developing the Kentucky program.
In order for this program to be effective, activities must integrate aspects
of general landscape management with pest management. The main
tenets of the project encompass four areas: making wise choices when
selecting plants for the landscape; practicing proper planting and transplanting techniques; maintaining the health of the plant in the landscape
using research based cultural recommendations; and practicing an
integrated approach to managing pests in the landscape. Outreach
mechanisms for this project include the preparation and broadcast of
radio scripts, the production of an educational video and print material for
use by county agents, and addition of a home landscape IPM section to
the University of Kentucky IPM web page. The initial emphasis of the
program is on woody landscape plants, however, other areas of landscape management including annuals and perennials, turf, and home
fruit and vegetables, will be added as time and funding allow.
Results and Discussion: Development of the Kentucky Home Landscape IPM/PHC Program is currently underway. We have written 21
radio scripts on various topics related to woody landscape plant IPM or
plant health care. These have been or soon will be broadcast as part of
the Plant Digest series produced by the University of Kentucky Agricultural Communications Services (UKACS). These broadcasts have a
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potential to reach approximately 525,000 listeners. We have written a
video script, and in conjunction with UKACS, we are assembling or
shooting needed video footage. The video will be divided into four parts
to allow county agents to use them in various training events or Master
Gardener programs. These four parts include, 1) Making wise decisions
when selecting plants for the home landscape, 2) Proper techniques for
installing woody plants in the home landscape, 3) Plant maintenance,
and 4) Common pests encountered in the home landscape and some
methods for their management. Another aspect of the project will be to
develop an extension publication to accompany the video or stand alone.
Finally, highlights from this program will be posted to the Kentucky
Integrated Pest Management home page that currently resides at <http://
www.uky.edu/Agriculture/IPM/>.
Significance to the Industry: The economic impact of horticultural
production for 1997 in Kentucky was $565 million as estimated by the
Kentucky Horticulture Council in their Horticultural Opportunities–A
Prospectus for Kentucky’s Horticultural Industries (3) (hereafter called
the Prospectus). Wholesale nursery material accounted for only $20
million of that figure, but the value-added component of landscape
materials sales, installation, and maintenance accounted for $388 million.
The nursery/landscape industry is obviously the major contributor to the
overall economic impact of horticulture to the state. Interest in horticultural enterprises has increased as a result of expected declines and
further consolidations of the tobacco industry and other agricultural
markets within the state. Horticultural production and related services
may offer one component of the diversification needed to add stability to
Kentucky agriculture and help secure the economics of rural communities and family farms.
In the Prospectus, the Kentucky Horticulture Council indicated that the
life expectancy of new landscape installation and/or maintenance companies is short. Companies with trained personnel have a difficult time
competing against those with untrained and, thus lower bidding companies that often do poor quality work. The public lacks knowledge of plant
health benefits of properly designed, constructed, and maintained
landscapes. The council recommended that public educational programs
be intensified regarding the use of high quality materials in a well
designed, installed, and maintained landscape. They further indicated
that appropriate technologies must be developed regarding pest management systems with minimal impact on the urban environment.
We believe the Kentucky Home Landscape IPM Program will address
several concerns raised by the Kentucky Horticulture Council. Namely,
these extension materials should lead to programs that educate the
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public regarding the characteristics of a well designed and well maintained landscape. This program, along with those developed by Pennsylvania State University and the University of Florida, may serve as
useful guides for home landscape IPM extension programs in other
states.
Literature Cited:
1. Daniels, S., H. Gregory, L. Kuhns, G. Moorman, R. Nuss, D.
Suchanic, E. Swackhamer. 1998. Creating Healthy Landscapes
(series of 7 fact sheets). Penn State University College of Agriculture Sciences Cooperative Extension. University Park, PA.
2. Garner, A., J. Stevely, H. Smith, M. Hoppe, T. Floyd, and P. Hinchcliff.
1996. A guide to environmentally friendly landscaping, Florida yards
and neighborhoods handbook. Bulletin 295. Cooperative Extension
Service, University of Florida, Gainsville.
3. Kentucky Horticulture Council. 1999. Horticulture Opportunities, A
prospectus for Kentucky’s Horticultural Industries. <http://
www.uky.edu/Agriculture/Horticulture/proposal.html>.
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Landscape Professionals Learn Environmental
Practices through FYN/CLIP
Daniel F. Culbert and Gary W. Knox
University of Florida Indian River County (FL) Extension
1028 20th Place, Suite D, Vero Beach, FL 32960
Index Words: environmental landscape practices; Extension; landscape
maintenance; landscape design; Florida
Nature of Work: The Florida Yards & Neighborhoods (FYN) Commercial Landscape Industries Program (CLIP) was designed to reduce the
amount of non-point source pollutants flowing into Florida’s Indian River
Lagoon from urban landscapes. Home and commercial landscapes are
currently the only sites impacting stormwater quality that have no regulations regarding the use and application of fertilizer nutrients and pesticides. The goal of this FYN program was to provide training in environmental landscape management to those commercial industries and
associations that offer professional landscape services including landscape architects and designers, landscape installation contractors, lawn
and landscape maintenance companies, pest control companies, parks
and recreation staff, and other related “green industries”. These professionals can assist limited Extension staff and volunteer Yard Advisors in
teaching FYN concepts to homeowners.
The overall goal of the Florida Yards & Neighborhood Program (FYN) is
to reduce environmental impacts associated with improper landscape
design, installation and maintenance. It is a comprehensive educational
program integrating an evaluation of site conditions and the use of
appropriate landscape design, plant selection, irrigation, fertilization, pest
management, mowing, pruning, and recycling practices. The emphasis
of the program is to reduce pollution in stormwater runoff and conserve
water through common sense landscaping practices. FYN programs
have demonstrated that homeowners can change their landscape
management practices to reduce the amount of non-point source pollution coming from residential yards and neighborhoods (Culbert, 1997).
The next step in developing this educational process was to provide
training to the landscape industry professionals that deliver services to
urban property owners.
Results and Discussion: The Commercial Landscape Industry Program (CLIP) was pilot-tested from 1997 to 1999 in the 6-county Indian
River Lagoon area of coastal east-central Florida. Area county Extension
agents initiated a citizens advisory committee, reviewed existing educational resources, adapted existing curricula and developed new materials
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for local use. The resulting FYN/CLIP curriculum was delivered to
landscape maintenance personnel through four major multi-county CLIP
“Schools” and at least four local FYN training programs in each county.
The four CLIP School topics were: Irrigation Concepts for the Professional; Pruning Profitably; Pest and Fertilizer Management for Profit; and,
Shoreline Management The materials used in these training programs
were combined into a series of teaching kits. Once reviewed by the
University of Florida Environmental Horticulture Department’s Environmental Landscape Management Design Team, they will be offered to
other Florida Extension agents that wish to include a Commercial Landscape Industry Program as part of their county’s FYN programming.
Total number of participants in the four FYN/CLIP Schools was 624.
“Pest and Fertilizer Management” was most popular with 222 attending
while “Shoreline Management” was least popular with 73 participants.
Programs were evaluated using questionnaires completed by participants prior to FYN/CLIP training and again six months after the final
FYN/CLIP School. Based on 32 matched pre- and post-test questionnaires, FYN/CLIP participants increased their overall adoption of Florida
Friendly landscape management practices by 40% (Table 1). The
greatest improvements were with practices relating to Integrated Pest
Management and planting the right plant in the right place. CLIP participants also believed environmental considerations were important to them
and their customers and use of FYN practices would increase their
business (data not shown).
Significance to Industry: The Florida Yards & Neighborhoods Program
has benefitted the region’s environmental education efforts by involving
landscape professionals in pollution prevention, conservation and habitat
enhancement. In the near term, the program demonstrated how to
involve landscape professionals in the FYN program. Ultimately, the
program’s continuing goal is to change the perception of what constitutes
a beautiful and appropriate landscape in Florida, and the adoption of
environmentally friendly landscape practices will reduce the threat of
non-point pollution in the Indian River Lagoon.
Nursery and landscape industries benefit from effective Extension
programs that create better-educated consumers of plants and landscape services. Informed consumers will make more appropriate
choices for their landscapes which, in turn, should lead to healthier
landscapes and more satisfied customers.
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for Non-Point Source Pollution Reduction. Vero Beach: Indian River
County Extension Service, December 1997.

Table 1: Increase in adoption of 73 FYN practices by CLIP participants
(N=32).

Increase in Adoption of FYN Practices by
Groups of Practices

CLIP Participants (%)

Control Pests Responsibly

47

Right Plant, Right Place

46

Water Efficiently

43

Pruning and Mowing Properly

39

Mulching and Recycling

38

Fertilizer Appropriately

34

Prevent Stormwater Runoff

31

Average Overall Increase in Rates of
FYN Adoption
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Barriers and Incentives for Consumers’ Adoption of
Landscape Practices
Sydney Park Brown
Hillsborough County (FL) Extension
5339 County Road 579 S, Seffner, FL 33584
Index Words: environmental landscape practices; Extension; demographics; Master Gardener; Florida; situational factors
Nature of Work: The purpose of the study was to determine if a relationship existed between the approaches to six landscape practices and
certain demographic and situational factors. The six landscape practices
dealt with grass clippings, mowing height, pesticide use on the lawn,
pesticide use on landscape plants, type of fertilizer used, and water
schedule. The demographic factors were age, gender, years lived in
Florida, level of education, type of community: (i.e., urban, suburban or
rural; deed restricted or not, gated community or not), size of yard, who
maintained and made decisions about the lawn and landscape, average
amount of time and money spent on the yard, source of irrigation water,
market value of property, and whether the survey respondent was a
Master Gardener volunteer or not. The situational factors which were
examined were labor, money, convenience, beauty of the yard, health of
yard, convenience, neighbor approval, skill required, information required, and Florida’s environment. A survey instrument, the Florida Lawn
and Landscape Survey, was developed and mailed to 900 Florida
residents in 17 counties who had participated in environmental landscape educational programs conducted by the Florida Cooperative
Extension Service (FCES). Four hundred participants were Master
Gardener volunteers; 500 were members of the general public. An 83%
response rate was attained.
Results and Discussion: The data from this study revealed the following demographic profile of the “typical” FCES client seeking environmental landscape information. The typical participant was college-educated,
female, 56 years old or older, Florida resident for over 10 years, a
resident of urban/suburban communities which were not deed restricted
or gated; owned a home/property valued between $110,000 - $149,000
with a yard size between 10,000 and 14,000 square feet, who maintained
their lawns and landscapes themselves, spent 8 to 15 hours in the yard
per month, spent $700 per year, and used water supplied by the city/
county for irrigation.
Ninety-seven percent of the respondents recycled or reused grass
clippings; 94% mowed correctly; 53% spot-treated the lawn with pesticides, 20% routinely treated it, 27% did not use pesticides on the lawn;
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67% spot-treated landscape plants, 4% routinely treated them, and 29%
used no pesticides on landscape plants; 83% used slow-release fertilizers, 7% used quick-release fertilizers, and 11% did not use fertilizers;
and 79% watered as needed, 8% watered according to a routine schedule, and 13% watered only to establish new plants.

Practice 1--Handling of Grass Clippings. Ninety-seven percent of the
valid respondents recycled or reused clippings on the lawn. These
respondents related this approach with helping the environment. Saving
labor, increasing the health of the lawn and decreasing the beauty of the
lawn were also weakly, but significantly associated.
Practice 2--Mowing Height. Valid responses to these approaches indicated that 94% mow at the correct height and 6% mow too short. Mowing
too short was weakly associated with the general population and younger
respondents. Interestingly, this practice had the highest number number
of respondents who did not know how high their lawn was mowed.
Mowing correctly was very strongly associated with increasing the health
of the lawn. Helping the environment was also associated.
Practice 3--Pesticide Use on the Lawn. Responses indicated that 53% of
the respondents spot-treat only infested areas of the lawn with pesticides, 20% routinely treat the entire lawn, and 27% do not use pesticides
at all. Analysis suggested that respondents who do not live in deed
restricted communities, who spend less money per year, and who have
resided in Florida the longest are most associated with not using pesticides at all. Older, less educated males are least associated with this
approach. Among the situational factors, saving money, helping the
environment, and decreasing beauty were the best predictors of the use
of the approach of not using pesticides.
When Practice 3--Pesticide Use on the Lawn was re-analyzed excluding
non users of pesticides, the approach of spot-treating was most strongly
correlated with respondents who are Master Gardeners, followed by less
money spent per year. Long-time residency in Florida, younger age, and
non deed restricted communities were also significantly associated, but
to a lesser degree. The situational factors of Money (i.e., saving money)
and the Environment (i.e., helps the environment) were respectively the
best predictors of spot treating. Inconvenience and neighbor disapproval
followed as weaker, but statistically significant, predictors associated with
spot treating.

Practice 4--Pesticide Use on Landscape Plants. Valid responses to these
approaches indicated that 67% of them spot-treat only infested landscape plants, 4% routinely treat all plants, and 29% do not use pesticides
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at all. Being younger (middle-aged in this study) and female are predictors of not using pesticides on landscape plants. Not using pesticides is
associated with a decrease in beauty of landscape plants. Skill (i.e.,
requires no skill to do), Environment (i.e., helps the environment), Health
(i.e., decreases health), and Money (i.e., saves money) are weakly, but
significantly associated with not using pesticides.
When Practice 4--Pesticide Use on Landscape Plants was re-analyzed
excluding non-users of pesticides, the approach of spot-treating was
weakly, but significantly related to respondents who live in urban/suburban areas. Spot-treating was also linked with saving money. Convenience (i.e., is inconvenient) and Environment (i.e., helps the environment) followed Money (i.e., saving money) as important situational
factors related to spot treating.

Practice 5--Fertilizer Use. Valid responses to these approaches indicated
that 6% of the respondents use quick-release fertilizers; 83% of them use
slow-release fertilizers, and 11% do not apply fertilizers. Age was statistically significant in the analysis, suggesting that being older predicted the
use of quick-release fertilizers. Among the situational factors, the approach of not fertilizing was best predicted by a decrease in the beauty
and health of yard, followed by helps the environment. When Practice
5--Fertilizer Use was re-analyzed excluding non users of fertilizers, using
slow-release fertilizers was weakly correlated with younger, in this case
middle-aged, respondents. The situational factors of helping the environment and saving labor were correlated with this approach.
Practice 6-- Water Schedule. Valid responses to these approaches
indicated that 8% water routinely, 79% water “as-needed,” and 13%
water only to establish new plants. Data indicated that larger yards and
less money spent per year are related to not watering except to establish
new plants. Among the situational factors, Money, Beauty, and Health
were the most strongly related factors indicating an association with
saving money and a decrease in health and beauty. Environment (i.e.,
helping the environment) was a statistically significant, but weaker,
predictor.
When respondents who did not water were eliminated from the analysis
of Practice 6, only Money Spent per Year (i.e., less money spent) was
found to be a statistically significant demographic predictor of watering as
needed. The situational factors of Money (i.e., saves money) and Environment (i.e., helps the environment) were the strongest predictors of
watering as-needed. Convenience (i.e., is inconvenient) was a weaker,
but statistically significant predictor.
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PRMean. PRMean is the mean (average) of all six practices. The most
environmentally-friendly approaches were most closely aligned with the
demographic variable of Less Money Spent per Year. Weakly associated
with these approaches are younger (i.e., middle-aged) respondents who
have completed higher levels of schooling, and who live in rural areas
that are not deed-restricted. The important situational factor predictors
were Environment (i.e., helping the environment), followed by Beauty
(i.e., decreases beauty). A decrease in health is more weakly, but significantly associated.
When non users of pesticides, fertilizer, and water are excluded from the
analysis of PRMean, those who maintain the lawn and landscape
themselves and make the decisions themselves about the maintenance
were most correlated with spot treating pesticides, fertilizing with
slow-release fertilizers, and watering as needed. The data also suggest
that the most environmentally-friendly landscape approaches are equally
associated with being a Master Gardener and spending less money per
year. Analysis of the relationship between the adoption of landscape
approaches and situational factors reveals that Environment (i.e., helping
the environment) is most related to these approaches. Among the two
analyses (including and excluding non users of pesticides, fertilizer and
water), helping the environment and less money spent per year were
consistently the situational and demographic variables which predicted
the most environmentally friendly approaches to landscape practices.
Implications. Implications for Extension horticulture program curriculum
and marketing include targeting the message to the “typical” participant,
as well as newcomers to the state, younger clientele, and lawn and
landscape professionals. Using the Internet, videotapes, and result
demonstrations were suggested as means of distributing environmental
landscape information. The environmental and aesthetic benefits of using
recommended landscape practices should be stressed, as well as the
associated money savings.
Significance to Industry: The nursery and landscape industries benefit
from effective Extension programs that create better-educated consumers of plants and landscape services. Informed consumers will make
more appropriate choices for their landscapes which, in turn, should lead
to healthier landscapes and more satisfied customers. Determining the
barriers and incentives to consumers’ adoption of Extension recommendations will help Extension design better outreach programs that teach
consumers more effectively.
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Methods Being Evaluated to Restrict Spread
of Black Bamboo
Alejandro Bolques and Gary W. Knox
University of Florida
Gadsden County (FL) Extension and
North Florida Research and Education Center
Route 4, Box 4092, Monticello, FL 32344
Index Words: Phyllostachys nigra, black bamboo, rhizome, landscape.
Nature of Work: Bamboos are becoming popular landscape plants for
use as fine-textured, graceful vertical accents. They are often broadly
classified as having “clumping” or “running” growth habits. “Clumping”
bamboos are favored in the landscape because rhizome and culm
growth generally occurs within a relatively small area. However, most
bamboos hardy in temperate regions are “running” types, in which
rhizomes grow outward from the planting and can extend great distances. These bamboos can become invasive if the planting is not
contained. Traditional recommendations are that underground, vertical
barriers must be 24 to 50 inches deep in order to contain bamboo
rhizomes (Recht and Wetterwald, 1992). Recently, some bamboo
growers have suggested that rhizomes can be re-directed upwards by
barriers angled at 30 degrees from the vertical (Turtle, 1993a). This redirection should reduce the likelihood of rhizomes growing below and
escaping the barrier.
We initiated a project in 1997 to obtain preliminary information on various
underground barriers for containing bamboos. Five plots were planted
with Phyllostachys nigra (black bamboo): plots with angled barriers 1 ft,
1.6 ft, and 2 ft deep depending on the barrier; a plot with a vertical barrier
3 ft deep; and one plot without barriers. One of the three angled barriers
was a commercially available product, Plantwell™ (Plantwell Inc.,
Tanner, AL). It consisted of eight corners and eight side panels made of
high-density polyethylene (HDPE; 1/20 inch thick). The panels are joined
together by sixteen ‘Z’ clips made of rigid polyvinylchloride and assembled with stainless steel screws. The Plantwell™ barrier was 6 ft in
diameter (at the surface) and extended down 1.6 ft. The other two angled
barriers were based on designs published by Turtle (1993b), but rectangular in outline rather than octagonal. Each of these angled barriers was
constructed with four panels cut from industrial grade polyvinylchloride
(PVC) sheets (1/8 inch thick; Commercial Plastics & Supply Corp.,
Jacksonville, FL). Panels were inserted into 4 inch x 4 inch pressuretreated corner posts with slanted grooves at a 30° angle. Each of the
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constructed barriers was about 4.7 ft by 6 ft (at the surface). One barrier
extended to a depth of 1.0 ft and the second barrier extended down 2.0
ft. The vertical barrier was a commercial product, CP-Series Root Barrier
Panels (Century Products, Anaheim, CA). This barrier was assembled
by sliding together interlocking panels made of polyethylene (1/12 inch
thick). The resulting barrier was 6 ft in diameter and 3 ft deep.
Following construction, assembly and installation of the four barriers,
black bamboo in 3-gallon containers were planted in April 1997, including
a plot without barriers to observe unrestricted growth. Black bamboo is
favored for landscaping because new canes turn from green to a distinctive black 6 to 12 months after growth. It is a running type with medium
vigor, moderate tolerance of full sun and a maximum height of 30 feet.
The planting site in Monticello, Florida, is in USDA Cold Hardiness Zone
8b (AHS Heat Zone 9) and has a well-drained, slightly acid Fuquay fine
sand soil. Plants were irrigated daily and top-dressed annually with 80 g.
Osmocote 16-8-12 (The Scotts Company, Marysville, OH). Growth data
were collected in May 2000 and culms growing beyond the barriers were
excavated to determine the source of their escape.
Results and Discussion: Culms escaped the 1 ft angled barrier in 1998
and the 1.6 ft and 2 ft angled barriers by 1999. No culms escaped from
the 3 ft. vertical barrier. Rhizomes escaped the 1- and 2-ft deep angled
barriers by growing under the PVC barrier. With the 1.6 ft angled barrier
(Plantwell™), a rhizome penetrated the RPVC corner and escaped. The
RPVC corner may have cracked during installation of the barrier, allowing
a rhizome to escape. Given the large number of culms escaping this
barrier, the penetration must have gone undetected in 1998. Height,
width and number of culms in all plots appeared normal (Tables 1 and 2).
Significance to Industry: Successful use of bamboos in the landscape
will require adequate containment of the “running” types. This preliminary experiment demonstrated that, after 3 years of growth, a 3 ft deep
vertical barrier confined the spread of black bamboo planted in a fine
sand soil. Angled barriers less than 3 ft deep were ineffective at restricting the spread of black bamboo.
Literature Cited:
1. Recht, C. and M.F. Wetterwald. 1992. Bamboos. David Crampton
(ed.). Timber Press, Inc. Portland, OR, 128 pp.
2. Turtle, A. 1993a. Living with running bamboos. Temperate Bamboo
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Loropetalum chinensis in the Spring:
USDA Hardiness Zone 7.
Richard E. Bir and J. L. Conner
North Carolina State University
2016 Fanning Bridge Road, Fletcher, NC 28732
Index words: Loropetalum, winter injury
Nature of Work: Ten years ago the red leaf, pink flowered forms of
Loropetalum chinensis, var. rubrum, burst onto the southeastern nursery
scene. A rush of selections followed which were offered under many
names. An example being the trademarked ‘Plum Delight’ which was
also listed as ‘Hines Purpleleaf’, ‘Hines Burgundy’ and ‘Pizzazz’ according to Dirr. Equal confusion existed when recommendations concerning
hardiness were made. Damage was reported at 0F but plant were
thought to reliably hardy in USDA Zones 7 through 9.
In an attempt to determine hardiness, a trial was established in full sun at
MHCREC, Fletcher which is listed as USDA Zone 6b but for the duration
of the test, only Zone 7 winters occurred. Three-gallon container grown
plants of the green leaf, cream flowered species, two selections that
have not made it to the commercial trade, ‘Blush,’ ‘Burgundy,’ ‘Plum
Delight,’ ‘Sizzlin’ Pink’ and ‘Zhuzhou Fuchsia’ were planted in clay-loam
soil, pH 5.8. Three plants of each selection were planted six feet apart in
a completely random design in spring 1996. All plants were fertilized with
1 oz. Nitrogen from 10-10-10 each spring in April. Plants were not
irrigated nor was any pest controlled beyond a directed spray of
Roundup for post emergence weed management employed for the four
years of this study.
The first week of May in the springs of 1997, 1998, 1999 and 2000 plants
were evaluated for winter injury.
Results and Discussion: Annual lowest temperatures were 5, 6, 7, 10
and 9 F. for successive winters following plants becoming established
during the summer of 1996.
All plants survived. Occasional winter dieback on the ends of stems was
observed on the cultivars ‘Blush’ and ‘Sizzling Pink.’ Otherwise plants
were hardy.
However, of importance to the landscape industry is the appearance of
plants in the landscape during spring. One cultivar consistently was both
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flowering and had attractive foliage on May 1, ‘Zhuzhou Fuchsia.’ It was
as hardy and floriferous as the straight species. All other cultivars either
displayed dead twigs, damaged foliage, limited flowering or an unsightly
yellowing of older leaves, with ‘Blush’ the most unattractive.
Dead twigs were quickly masked by new growth. Yellow foliage dropped
by mid May with attractive new foliage replacing it by late May of each
year.
Significance to Industry: ‘Zhuzhou Fuchsia’ was the only cultivar of
Loropetalum chinensis var. rubrum that consistently survived USDA
hardiness Zone 7 winters with attractive foliage and abundant flowers on
May 1 for four years. ‘Blush,’ ‘Burgundy,’ ‘Plum Delight’ and ‘Sizzlin’ Pink’
all displayed slight winter injury or were unattractive due to yellow leaves.
Literature Cited:
1. Dirr, Michael A. 1998. Manual of Woody Landscape Plants, Fifth
Edition. Stipes Publishing, Champaign, IL.
Acknowledgements: Thanks to Gilbert’s Nursery, Hawksridge Farms
and the JC Raulston Arboretum for providing plants for this test.
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Landscape Survival of
Hydrangea macrophylla and serrata Cultivars
in USDA Zone 7
Richard E. Bir and J. L. Conner
North Carolina State University
2016 Fanning Bridge Road, Fletcher, NC 28732
Index words: Hydrangea macrophylla, Hydrangea serrata
Nature of Work: French or florist hydrangeas, Hydrangea macrophylla
and Hydrangea serrata are enjoying renewed interest in the nursery and
landscape world. However, information concerning which cultivars are
best suited for particular growing areas is limited and published results
from replicated field trials conducted in the southeastern United States
do not exist. Therefore, the objective of this research was to plant
commercially available cultivars in a simulated landscape situation at the
Mountain Horticultural Crops Research and Extension Center, Fletcher,
NC, USDA Zone 7.
One gallon or larger container grown plants of each cultivar were transplanted into clay loam soils in the spring of 1995, 1996 and 1997. There
were three individual plant replicates five feet apart in rows twelve feet
apart in full sun. If a plant did not survive the first winter, it was replaced.
If a plant of the same cultivar in the same location did not survive the
second winter, it was considered to be not winter hardy.
Soils were tested at the NC Department of Agriculture, Agronomic
Division laboratory and fertilized to meet NC Cooperative Extension
Service recommendations. Plants were fertilized with 10-10-10 at the
rate of 0.25 oz. N per plant the year planted, 0.5 oz. N per plant the year
following planting and 1.0 oz. N per plant every year thereafter. Fertilizer
was applied to the soil surface in a ring one foot from the plant before
plants flushed vegetative growth in the spring. Weeds were maintained
either manually or with directed sprays of Roundup being careful to avoid
spraying Roundup on the plants.
Results and Discussion: Minimum temperatures recorded at MHCREC,
Fletcher for the winters following planting were between 5 and 10F.
Fifty-four cultivars survived at the rate of at least 67% from the 1995,
1996 and 1997 plantings after exposure to at least three winters.
Twenty-six cultivars did not have two-thirds of the plants alive, despite
replanting at least once. Cultivars that died for reasons thought to be
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unrelated to winter injury are not listed. All survivors did not have problems with mites or powdery mildew despite conditions that favored the
development of these hydrangea pests.

Acknowledgements: Thank you to Berylwood Nursery, Hawksridge
Farms, Heronswood Nursery and Wilkerson Mill Nursery for donating
plants. Thanks to The North Carolina and Virginia Nursery Associations
for support to partially defray the costs of this test.
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Flowering of Hydrangea macrophylla and serrata
Cultivars in USDA Zone 7 Landscapes
Richard E. Bir and J. L. Conner
North Carolina State University
2016 Fanning Bridge Road, Fletcher, NC 28732
Index words: Hydrangea macrophylla, Hydrangea serrata
Nature of Work: French or florist hydrangeas, Hydrangea macrophylla
and Hydrangea serrata are enjoying renewed interest in the nursery and
landscape world. However, it has been observed that some cultivars
appear to be vegetatively hardy but not flower bud hardy. This is important on species that are alleged to flower only from flower buds formed
the previous season. Therefore, the objective of this research was to
plant commercially available cultivars in a simulated landscape situation
at the Mountain Horticultural Crops Research and Extension Center,
Fletcher, NC, USDA Zone 7 then observe which cultivars flowered.
One gallon or larger container grown plants of each cultivar were transplanted into clay loam soils in the spring of 1995, 1996 and 1997. There
were three individual plant replicates five feet apart in rows twelve feet
apart in full sun. If a plant did not survive the first winter, it was replaced
with a plant of the same cultivar. Any plant that survived thereafter and
flowered is listed.
Soils were tested at the NC Department of Agriculture, Agronomic
Division laboratory and fertilized to meet NC Cooperative Extension
Service recommendations. Plants were fertilized with 10-10-10 at the
rate of 0.25 oz. N per plant the year planted, 0.5 oz. N per plant the year
following planting and 1.0 oz N per plant every year thereafter. Fertilizer
was applied to the soil surface in a ring one foot from the plant before
plants flushed vegetative growth in the spring. Weeds were maintained
either manually or with directed sprays of Roundup being careful to get
no Roundup on the plants.
Results and Discussion: Minimum temperatures recorded at MHCREC,
Fletcher for the winters following planting for all cultivars were between 5
and 10 F. Fifty-four cultivars flowered following winter exposure and
eighteen did not.
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Root Growth of Two Woody Ornamentals Following
Transplanting
Amy N. Wright, Stuart L. Warren, and Frank A. Blazich
NC State University, Dept. of Horticultural Science, Raleigh, NC
27695-7609
Index Words: Landscape establishment, Container-grown, Mountain
laurel, Japanese holly, Kalmia latifolia, Ilex crenata
Nature of Work: Many factors affect the survival of container-grown
woody ornamentals when transplanted into the landscape. Species with
fibrous root systems are often considered easy-to-transplant (1, 2),
however, this is not the case with many ericaceous genera such as
Rhododendron L., Pieris D. Don., and Kalmia L. (personal observation).

Kalmia latifolia L. (mountain laurel) is an ericaceous shrub native to the
eastern United States with excellent ornamental value both in flower and
as a broadleaved evergreen. Although mountain laurel produces a
fibrous root system and often thrives in very stressful environments, it
frequently does not survive transplanting from containers into the landscape, even in areas to which it is indigenous.
Of the factors affecting landscape establishment, root growth and
extension into the surrounding soil appear to be most critical (4). There
is some evidence that the time between transplanting and growth of new
roots is longer for those species considered difficult-to-transplant (3).
Characterizing root growth of mountain laurel with subsequent comparison to root growth of an easy-to-transplant species, e.g. Japanese holly
(Ilex crenata Thunb.), may provide an explanation for the difficulty
associated with landscape establishment of this ericaceous shrub.
Therefore, the objective of this research was to compare root growth of
mountain laurel and Japanese holly over the course of 1 year.
Six month old liners (from tissue culture) of ‘Sarah’ mountain laurel and 1
year old rooted stem cuttings of ‘Compacta’ holly were repotted into 3
liter (3 qt) containers in May 1999. Plants were grown in a greenhouse
under natural photoperiod and irradiance with days/nights of 24/16 °C
(75/60°F) from May until September, at which time they were moved
outdoors to a gravel pad for the remainder of the experiment. Plants
were overwintered in a white poly shelter from December to February.
All plants were fertigated three times weekly while in the greenhouse with
a liquid fertilizer solution of 100 mg•L-1 Peters 20-20-20 with trace
elements (Scotts Co., Marysville, Ohio). Plants also received calcium
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and magnesium supplied as CaCO2H (50 mg•L-1) and MgSO4 (25 mg•L1),
respectively. Fertilization was reduced to once weekly from September
through November and from March through May (no fertilization during
December through February).
Plants were grown in arcillite (a calcined montmorillonite and illite clay) to
facilitate harvest of roots. Prior to potting, roots of all plants were dyed
with a solution of 0.5% (w/v) methylene blue to distinguish between roots
present at potting and subsequent new root growth. The experiment was
a randomized complete block design with five blocks consisting of 100
single container replications of each cultivar.
Destructive plant harvests were conducted every 2 to 4 weeks for 1 year.
At all harvests, roots of five plants of each cultivar were washed free of
arcillite and each plant separated into tops (stems and leaves) and roots.
Roots generated since the start of the experiment (roots that were white
and lacked blue dye) were removed, and root length and root area of
new roots were measured using a Monochrome AgVision System 286
Image Analyzer (Decagon Devices, Inc., Pullman, WA). Leaf area was
measured using a LI-COR 3000 leaf area meter (LI-COR, Lincoln, NB).
All tissue was dried at 70°C (160°F) for at least 72 h, and dry weights of
roots, stems, and leaves were recorded.
Results and Discussion: All growth measurements increased linearly
over time, with the slope (rate of increase) being larger for ‘Compacta’
holly than for ‘Sarah’ mountain laurel for all growth measurements (data
not presented).
In order to express root growth in relation to shoot growth, root area and
leaf area were used to calculate the following ratio at each harvest:
percentage increase in root area (based on initial root area) / percentage
increase in leaf area (based on initial leaf area). This ratio increased
linearly over time for both cultivars with ‘Compacta’ holly exhibiting a
larger increase (slope) than ‘Sarah’ mountain laurel (Fig. 1). This trend
was also consistent for root length and root dry weight (data not presented). This comparison indicated that per unit photosynthetic area
(leaf area), ‘Compacta’ holly produced larger absorbing surface area
(root area) than ‘Sarah’ mountain laurel, possibly indicating why
Japnaese holly establishes more readily in the landscape than mountain
laurel. Additionally, ‘Sarah’ mountain laurel did not produce measurable
root growth until 30 days after initiation of the experiment, while ‘Compacta’ holly exhibited significant root growth after 15 days. Although
initial root ball volume was similar for both cultivars and ‘Compacta’ holly
had larger initial root dry weight than ‘Sarah’ mountain laurel, initial root
length and root area were much larger (100% and 153%, respectively)
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for ‘Sarah’ mountain laurel than ‘Compacta’ holly due to the fact that
roots of mountain laurel are extremely fine (hair-like). However, by
November, ‘Compacta’ holly had larger root area than ‘Sarah’ mountain
laurel, despite differences in morphology (Japanese holly has much
thicker roots).
Significance to Industry: The large differences in root growth between
‘Compacta’ holly and ‘Sarah’ mountain laurel may explain why mountain
laurel is difficult to transplant. Slow root growth of mountain laurel
suggests that this woody ornamental has a longer establishment period
in the landscape following transplanting. As a result, post-transplant
recommendations such as irrigation may need to be extended for a
longer period of time than for such species as Japanese holly. Increased
attention to cultural practices when transplanting mountain laurel could
improve landscape establishment and may increase use and appreciation of this native plant species.
Literature Cited:
1. Pirone, P. P. 1978. Tree Maintenance. 5th ed. Oxford Univ. Press,
New York.
2. Struve, D. K., R. D. Kelly, and B. C. Moser. 1984. Promotion of root
regeneration in difficult-to-transplant species. Proc. Intl. Plant. Prop.
Soc. 33:433-439.
3. Struve, D. K. and B. C. Moser. 1984. Root system and root regeneration characteristics of pin and scarlet oak. HortScience 19:123125.
4. Watson, G. W. and E. B. Himelick. 1997. Principles and practice of
planting trees and shrubs. Intl. Soc. Arboric., Savoy, Ill.
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Effects of Heat and Drought on
Photosynthesis in Redbuds
Jason J. Griffin and Thomas G. Ranney
N.C. State University, Dept. of Horticultural Science
Raleigh, NC 27695-7609
Index Words: carbon assimilation, Cercis canadensis, Cercis mexicana,
environmental stress, heat stress, photosynthetic capacity, stomatal
conductance, water deficit stress
Nature of Work: Stress tolerant landscape plants are becoming increasingly important throughout the United States. Recent droughts,
unseasonably warm weather, and greater demands on water supplies,
have led to mandatory water restrictions in many parts of the country.
Irrigation of lawns and gardens is often restricted or prohibited altogether
resulting in an increased demand for plants with greater heat and
drought tolerance.
Drought and high temperature are two stresses that typically occur
together, and when combined, can be particularly detrimental to landscape plants. These stresses can have additive and interactive effects.
Low soil water availability causes a reduction in stomatal conductance
(Gs) and transpirational cooling that contribute to elevated leaf temperature and membrane destabilization (2). Water stress can also lower both
the maximum rate of photosynthesis as well as reduce the optimum
temperature for assimilation (1,5). Supraoptimal temperatures can
compound the effects of drought stress by further limiting key metabolic
processes including photosynthesis.
Maintaining Gs and photosynthesis under drought and high temperature
stress can be an important adaptation. Species from warmer climates
typically maintain higher rates of photosynthesis than species from cooler
climates when exposed to elevated temperatures (3,4). Such elevated
rates of photosynthesis compensate for the temperature-induced increase in respiration and reduce the potential for photoinhibition by
maintaining electron transport and reducing free radical formation.
Maintenance of photosynthesis during moderate drought events can also
provide for greater carbon fixation, growth, and survival.

Cercis canadensis L. (eastern redbud) and the closely related C.
mexicana Rose (Mexican redbud) were selected to further investigate the
effects of both heat and drought on photosynthesis. These two species
were selected due to their opposing native habitats. Cercis canadensis
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is native to cooler, mesic, woodland habitats in the Eastern United
States, while C. mexicana is native to warmer, xeric sites from West
Texas to Mexico City.
Two-year-old seedlings were obtained for this study and one of each
species was planted into each 10 gallon (40 L) container filled with an
amended pine bark substrate. Plants were placed in a greenhouse and
allowed to establish under natural photoperiod. Greenhouse temperatures were then raised to 95/77 0F (35/25 0C) day/night to acclimate the
plants to high temperature. Two weeks later, irrigation was withheld from
half of the containers to simulate the onset of a drought. Throughout the
drying cycle, net photosynthetic carbon assimilation (Pn) and Gs were
measured (CIRAS-1, PP-Systems Inc.) at saturating light (2000 µmol/m2/
sec) and 350 ppm CO2. Substrate moisture content was determined
using a soil moisture analyzer (Dynamax Theta Probe) that was calibrated to the specific container substrate. Once container water content
of water stressed plants reached 2-5% (by vol.) plants were brought into
a laboratory to measure leaf gas exchange under controlled temperatures. Maximum photosynthetic capacity was measured as a function of
increasing temperature. A recently matured leaf was placed in the
cuvette at 68 0F (20 0C) under saturating light and CO2 (2000 ppm) and
allowed to acclimate for 20 min before a measurement was taken. Leaf
temperature was then increased in 9 0F (5 0C) increments to 113 0F (45
0
C) with a reading taken at each increment following a 20 min acclimation
period at that temperature. The experiment was a randomized complete
block design with seven replications and treatments were arranged as a
split-split plot. Data were then subjected to ANOVA and regression
analyses.
Results and Discussion: Pn for both species declined at similar rates
with increasing water stress (Fig.1A). However, Pn for C. mexicana
remained higher at all soil water contents. The higher Pn of C. mexicana
at decreasing soil water contents appeared to result, in part, from the
maintenance of greater Gs (Fig. 1B), allowing for continued uptake of
CO2. Greater Pn is significant because carbon assimilation is the
primary method to dissipate absorbed light energy. When the stomata
are closed, as is typical under conditions of drought and high temperature, Pn is reduced, and conditions favoring photoinhibition arise. Cercis
mexicana was able to maintain greater Pn under water deficit stress than
C. canadensis.
Measurement of the temperature response of Pn under saturating CO2
(maximum photosynthetic capacity) is an effective means for evaluating
the response of the photosynthetic apparatus to increasing temperatures,
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independent of stomatal limitations. Results from these measurements
indicated that there was little difference in the temperature optimum for
maximum photosynthetic capacity among taxa or as influenced by water
status (Fig. 2). However, C. mexicana, whether well-watered or droughtstressed, had a substantially greater maximum photosynthetic capacity
than did similarly treated C. canadensis (Fig. 2). In fact, photosynthetic
capacity for water-stressed C. mexicana, was similar to the irrigated C.
canadensis. These results indicate that while both species are well
adapted to hot, dry conditions, the greater photosynthetic capacity of C.
mexicana would further allow for improved carbon balance and potentially reduced photoinhibition during both heat and drought stress.
Significance to Industry: The demand for low-maintenance landscape
plants with greater tolerance to environmental stresses is steadily
increasing. In many cases, selection of plants that are well adapted to
combined stresses might be particularly desirable. The above results
indicate that C. mexicana, which is native to regions with high temperatures and minimal rainfall, was able to maintain basic physiological
processes under combinations of extreme environmental stresses.
These adaptations can contribute to reduced injury, faster recovery once
stresses are alleviated, and ultimately improve growth and survival.
Literature Cited:
1. Briggs, G.M., T.W. Jurik, and D.M. Gates. 1986. Non-stomatal
limitation of CO2 assimilation in three tree species during natural
drought conditions. Physiol. Plant. 66:521-526.
2. Hale, M. and D. Orcutt. 1987. The Physiology of Plants Under
Stress. John Wiley & Sons. New York.
3. Ranney, T.G. and M.M. Peet. 1994. Heat tolerance of five taxa of
birch (Betula): Physiological response to supraoptimal leaf temperatures. J. Amer. Soc. Hort. Sci. 119:243-248.
4. Ranney, T.G. and J.M. Ruter. 1997. Foliar heat tolerance of three
holly species (Ilex spp.): Responses of chlorophyll fluorescence and
leaf gas exchange to supraoptimal leaf temperatures. J. Amer. Soc.
Hort. Sci. 122:499-503.
5. Smolander, H. and J. Lappi. 1984. The interactive effect of water
stress and temperature on the CO2 response of photosynthesis in
Salix. Silva Fennica. 18:133-139.
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Flowering Sequence and Duration of Pieris Clones in
Zone 8 in 1999
Sven Svenson and Hannah Mathers
North Willamette Research and Extension Center
Oregon State University
Nature of Work: Pieris are used in landscapes for the pitcher-shaped
white, pink or maroon flowers in spring, the colorful young growth of
some cultivars, and the colorful young flower buds in winter. Depending
upon species and location, common names vary from Andromeda to
Fetterbush to Lily-of-the-Valley Shrub. There is still some discussion
about correct taxonomic names and correct spellings for many cultivars.
For this study, species designations are not used, and we use clonal
spellings common to the United States. The majority of the clones are
selections of Pieris japonica, and the remainder of the clones represent a
mixture of species and species hybrids.
Knowledge of the flowering sequence and duration of different clones of
Pieris would allow for planting landscapes with a collection of clones to
provide an extended flowering period. Based on a review of the literature,
the flowering sequence and duration of Pieris clones has received little
study, or not been reported (van Glederen, 1979).
Clones of Pieris established at the North Willamette Research and
Extension Center were used for this study. The collection (now over 180
selections) was initiated by Dr. Robert L. Ticknor in the early 1960’s, and
provided the germplasm from which Dr. Ticknor bred or selected ‘Valley
Rose,’ ‘Valley Valentine,’ and ‘Valley Fire.’ The study site has the following characteristics: latitude 45 degrees, 17 minutes north and longitude
122 degrees, 45 minutes west; elevation 150 feet above sea level;
average last freeze date is April 17; average first freeze date is October
25; Clackamas County, Oregon. The weather records for this site can be
viewed on the internet (http://macl.pn.usbr.gov/agrimet/ -- select the
Aurora, OR location). The AgriMet network weather station is located
within 120 yards of all the plants used in this study, and within 40 yards
of the majority of the plants. All plants used for this study were growing
under full sun conditions in a Willamette silt loam soil.
Since 1997, we have recorded the date of first open flower, and the date
when 50% of the flowers had turned brown or aborted (end of useful
flowering duration, and the time when many landscapers will remove
flower racemes). Following a procedure similar to den Boer (1995) for
crabapples, we calculated a Bloom Time Index based on flowering
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sequence relative to the first clone to bloom each year. The BTI for a
particular Pieris clone represents the average number of days after the
first Pieris clone has its first open flower. Similar to den Boer (1995), we
separated the clones into five flowering sequence categories: very early,
early, mid-season, late, and very late.
Results and Discussion: The sequence of first open flower was
consistent for 1997, 1998 and 1999. Actual flowering start dates and
duration of flowering was not the same in all three years. The data for
1999 are presented.
‘Pygmaea’ is the first clone with an open flower, and has the longest
flowering duration. The BTI of other clones was determined relative to
the flowering date of ‘Pygmaea.’ Our 29-year old specimen of this clone
is 4.5-ft tall. Smaller specimens are more likely to abort flower buds
during winter, and flower for a shorter period of time. During one year
with a mild spring and summer, this specimen flowered irregularly
through August, for a flowering duration of nearly six months.
Very Early clones start flowering one to three weeks after ’Pygmaea’
(Table 1). Many of the early flowering clones have pink or pink-bicolor
flowers, whereas most Pieris clones have white flowers.
Early flowering clones bloom three to four weeks after ‘Pygmaea’ (Table
1). Similar to the Very Early category, many of these clones have pink or
pink-bicolor flowers.
Mid-Season clones bloom four to six weeks after ’Pygmaea’ (Table 1).
This set includes the clones most often produced by the U.S. nursery
industry. Van Gelderen (1979) noted that ‘Purity’ flowered 3 to 4 weeks
later than “most other cultivars,” and most of the clones commonly used
in 1979 were classified as Very Early or Early in our study. A clone
named ‘Pygmy’ produced only one flower in 1999 (no flowers in 1997 or
1998), and would be placed in the Mid-Season category. Our seedling
selection of Pieris formosa var.forrestii had a BTI of 36 and a flowering
duration of 72, placing it in the Mid-Season category.
Late clones start flowering six to eight weeks after ‘Pygmaea,’ while Very
Late clones bloom more than eight weeks after ’Pygmaea’ (Table 2).
Most of the Late and Very Late Pieris clones have white flowers, and
generally have a short flowering duration compared to Mid-Season or
Early flowering clones. All of the “semi-dwarf’ Pieris selections named
from the seed collected by Robert de Belder on Yakushima Island in
1970 (clones of Pierisjaponica var. yakusimensis) were Late or Very Late
bloomers. Our selections of Pierisjaponica var. amamiana and Pieris
japonica var. koidzumiana flowered with other Late blooming Pieris.
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Flowers of Late and Very Late clones are very susceptible to browning
from a late frost. These clones are best grown under light shade where
overhead tree canopies can provide some protection from clear-sky
frosts. Most clones start flowering a week or two later when grown under
shade, and may not produce flowers under heavy shade. All clones
produced more flowering racemes the following spring when seed pods
were removed (dead heading) in early summer, an observation that is
consistent with the comments of others (Bond, 1982).
An interesting landscape effect can be created by randomly removing
about one third of the flower buds in the Fall. This allows the disbudded
shoots to initiate vegetative growth the following spring while the other
shoots are still in full bloom. For clones with colorful new growth, the
combination of flowers and colorful new growth can make a nice seasonal landscape feature.
Depending upon the weather patterns, some of the Very Early clones will
start flowering like an Early clone, and the Very Late clones may bloom
with the Late clones. This usually happens when both winter and spring
are colder than normal, and the overall Pieris flowering season is shorter.
Clones that are species hybrids tended to flower MidSeason or later (for
example: ‘Brouwer’s Beauty,’ ‘Firecrest, ‘ ‘Forest Flame’ and ‘Valley
Fire’).
The 45 clones represented in this study include most of the clones grown
by the U.S. nursery industry. A few popular clones have not yet been
evaluated including: ‘Bert Chandler,’ ‘Blush,’ ‘Charles Michael,’
‘Grayswood,’ ‘Henry Price,’ ‘Jermyns,’ ‘March Magic,’ ‘Pink Delight, ‘Red
Head,’ ‘Red Volcano,’ ‘Rowallane,’ ‘Select,’ ‘Temple Bells,’
‘Tilford,’ and ‘Wakehurst.’ Flowering data for more than 50 other unnamed clones has been recorded.
Significance to the Nursery Industry: This is the first report of the
flowering sequence and duration for available Pieris clones. Flowering
may differ in different climate zones. As additional data is collected, a
prediction model based on degree-days may be useful in predicting the
flowering season of selected Pieris clones. In USDA hardiness zone 8,
careful Pieris cultivar selection for landscape use could provide a flowering season of 4 to 5 months or longer.
Literature Cited:
1. Bond, J. 1982. Pieris - A survey. The Plantsman 4:65-75.
2. den Boer, J.H. 1995. Blossom times. Malus 9(l):16.
3. van Gelderen, D.M. 1979. Pieris. Dendroflora 15/16:36-44.
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Table 1. Bloom Time Index (BTI) and flowering duration of selected
Pieris clones flowering very early through mid-season.

Clone

BTI-1999

Flowering Duration in 1999
(number of days)
Very Early

‘Pygmaea’
‘Daisen’
‘Christmas Cheer’
‘Flamingo’
‘Spring Snow’
‘Variegata’
‘Valentine’s Day’

0
16
18
18
20
20
20

112
69
78
92
61
85
92
Early

‘Benihaja’
‘Dorothy Wyckoff’
‘Stockman’
‘Wada’
‘Snowdrift’
‘Scarlett O’Hara’
‘Valley Rose’
‘Valley Valentine’

23
24
24
24
24
26
27
28

‘Shojo’
‘White Cascade’
‘Brookside Bonsai’
‘Iseli Cream’
‘Mountain Fire’
‘Coleman’
‘Purity’
‘Karenoma’
‘Gavotte’
‘Firecrest’
‘Forest Flame’
‘La Rocaille’

31
31
33
33
33
33
33
33
37
37
37
37

61
85
92
92
95
109
71
78
Mid-Season
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80
87
57
71
74
81
81
98
52
74
94
94
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‘Red Mill’
‘Little Heath’
‘White Water’
‘Brouwer’s Beauty’

37
39
39
39

103
84
84
94

Table 2. Bloom Time Index (BTI) and flowering duration of selected
Pieris clones flowering late to very late.

Clone

BTI-1999

Flowering Duration in 1999
(number of days)

Late
‘Compact Crimson’
‘Debutante’
‘Flaming Silver’
‘White Caps’
‘Chaconne’
‘Nocturne’
‘Ticknor’s First’
‘Mouwsvila’
‘Prelude’
‘Valley Fire’

52
52
52
52
52
52
52
56
57
57

52
66
66
66
81
81
81
66
67
77
Very Late

‘Sarabande’
‘Cavatine’
‘Cupido’
‘Bolero’

59
59
59
66
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Cold Hardiness of Lagerstroemia Taxa
Randy Johnson, Orville M. Lindstrom*, Paul E. Cappiello and
Michael A. Dirr
University of Georgia, Dept. of Horticulture, Georgia Station,
Griffin,GA 30223
Nature of Work: Four species of crapemyrtle (Lagerstroemia L.) are
reliably cold hardy to USDA cold hardiness Zone 7: L. indica L., L. fauriei
Koehne., L. subcostata Koehne., and L. limii; although L. subcostata
suffers frequent frost damage1. The cultivars are derived predominantly
from L. indica, but in recent years a number of powdery mildew resistant
hybrids of L. fauriei and L. indica have been released, mostly through the
efforts of the late Donald Egolf. L. fauriei cultivars are also available in
limited numbers. The objective of this study was to document the cold
hardiness of some of the available cultivars and other potential
germplasm using laboratory methods.
Twenty-one Lagerstroemia taxa were selected for evaluation during the
winter of 1992/93 (Tables 1 and 2). The L. indica and hybrid taxa were
sampled at Byer’s Nursery in Huntsville, Alabama. The L. fauriei and L.
limii taxa, along with three hybrids common to the Alabama site, were
sampled at the U.S. National Arboretum (USNA) in Washington DC.
During the winter of 1993/94, The USNA taxa were reexamined to
examine year-to-year variation. Samples were collected the day before
each lab test and shipped overnight to Griffin, Georgia for the winter of
1992/93 and to Orono, Maine the winter of 1993/94 for laboratory
screening of cold hardiness. The number of stems killed at different
temperatures was determined.
Results and Disussion: Lowest survival temperatures (LSTs) for all
sampling times and taxa are shown in Tables 1 and 2. After a
dehardening event near the end of December 1992, seven of the ten
taxa sampled at the USNA never reached their December LSTs, one (L.
fauriei 34) reacclimated to the December LST, and two (‘Natchez’ and L.
limii 9161) were more cold hardy than their December LST. The average
LST increased slightly in January and February in Alabama, although
trends across taxa were not consistent.
The lack of month-to-month correlation among LSTs for taxa suggests
the most cold hardy taxa in one month will not necessarily be the most
cold hardy the next. Despite the general trend of little correlation, there
were two taxa which were consistently better than the average LST.
‘Acoma’ in Alabama was the most cold hardy in all but two months and in
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Washington DC ‘Acoma’ showed better than average hardiness every
month except February 93 and April 93. The L. limii selection 9169
showed superior mid-winter hardiness, but slightly lower than average
hardiness in fall/early winter when early freezes cause severe damage.
Statistically significant differences between the sites were evident for the
months December through March. The average LSTs for the three
cultivars indicate a trend of the plants at the Washington DC site being
more cold hardy in early winter, but the plants located in Alabama site
being more cold hardy in midwinter.
Differences among species were detected in Alabama in October and
April; in both cases the hybrids were more cold hardy than the L. indica
taxa. In Washington DC, both species were statistically more cold hardy
than the hybrids in February 1993 and the L. limii was statistically less
hardy than the hybrids in October and more hardy that the hybrids in
April. The lack of consistent differences through the winter suggests that
there were no real differences among the sample populations. This was
supported by the second year’s data, where only January rankings of
species corresponded with the previous year.
Significance to industry: On the basis of these results it is difficult to
recommend any particular cultivar for colder climates. Environmental
factors appear to play a larger role in cold hardiness than genetics.
Pellet et al.2 have demonstrated that environmental factors (daily mean
temperatures) are more influential in determining the cold hardiness of
Rhododendron species than the genetic composition (ecotype). Certain
cultural practices will probably provide more resistance to freeze damage
than the selection of cultivar. These practices include: not pruning in fall
or early winter3, no fertilization after the end of July, and reduced irrigation initiating around mid August.
Literature Cited:
1. Egolf, D. R. and A. O. Andrick. 1978.The Lagerstroemia Handbook /
Checklist. Amer. Assoc. of Bot. Gardens and Arboreta. Swarthmore,
PA.
2. Pellet, N.E., N. Rowan, and J. Aleong. 1991. Cold hardiness of
various provenances of flame, roseshell, and swamp azaleas. J.
Amer. Soc. Hort. Sci. 111:272-280.
3. Haynes, C. L., O. M. Lindstrom, and M. A. Dirr. 1991. Pruning
effects on the cold hardiness of ‘Haggerston Gray’ Leyland cypress
and ‘Natchez’ crape myrtle. HortScience 26:1381-1383.
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Growth rate of elms trialed at TSU-NCRS
McMinnville, TN 1993 - 1999.
Willard T. Witte and Phillip C. Flanagan
University of Tennessee, Knoxville, TN 37901
Nature of Work: This reports the height and caliper growth of twelve
elm accessions in the TSU-NCRS trials in McMinnville and provides
additional information for nursery persons to choose the best elms in this
trial for production. The elms selected for this trial were not being grown
in commercial production in Tennessee but were available from specialist
nurseries elsewhere. Ten cultivars were obtained in 1993 and 1994,
about half of which were Ulmus parvifolia, Lacebark elm cultivars. Liners
of some of the patented lacebark elms being heavily promoted today
were unavailable at the time the trial was planted. The National Arboretum provided some numbered accessions. Liners were planted May 6,
1994 on a 10 foot spacing in the row. Split applications of fertilizer were
applied annually. Drip irrigation was installed at the beginning and used
as needed. Vegetation in the row was controlled with pre-emergent and
post-emergent herbicides. Japanese beetle damage became a problem
in mid-June 1994 and Sevin XL was applied at recommended rates on
June 22, July 7 & 19 in 1994 and in subsequent years as needed. Data
on Japanese beetle populations on each tree was recorded. Height and
caliper measurements were recorded annually in the fall, and observations on habit of growth and appearance were recorded as trees matured. Some pruning was done to work up a clear trunk, eliminate forks
and shape the canopy.
Results and Discussion: Japanese beetles fed first on Ulmus
carpinifolia ‘Variegata’, NA60071, and NA60070, skeletonizing most of
the new growth prior to the first application of insecticide. The damage
resulted in poor growth of these selections in 1994, which was the worst
Japanese beetle year in the trial’s history. Due to their susceptibility to
Japanese beetle feeding these selections are not recommended, even
though the U. carpinifolia cultivar grew taller than any other in the trial by
1999.

U. parvifolia NA55345, later named ‘Pathfinder’, was slow to establish
(see Figure 1) but soon developed into one of the best growing elms in
this trial and is highly recommended. Other recommended U. parvifolia
cultivars are ‘King’s Choice’, ‘D. B. Cole’, and ‘Dynasty’. These three
cultivars achieved the best caliper growth by the end of the second
growing season and maintained this lead throughout the trial. Height of
these three cultivars was less than ‘Pathfinder’at the end of the trial.
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Figure 1 shows ‘Pathfinder’ was 9 ft tall at the end of two growing
seasons, while ‘D. B. Cole’ and ‘Dynasty’ were just over 7 feet and
‘King’s Choice’ was over 9.5 feet. Caliper of these 4 cultivars increased
greatly from 1995 to the end of 1996, when all were about 2 inches in
trunk diameter measured 6 inches above the ground. For Type I shade
trees, the American Standard for Nursery Stock specifies a minimum
caliper of 1 inch for an average height range of 8 to 10 ft., 1.5 to 1.75
inch caliper for 10 to 12 ft. trees and 2 inch caliper for 12 to 14 ft trees.
This growth standard was easily achieved by ‘King’s Choice’ by the end
of the second growing season. By the end of the third growing season,
‘Pathfinder’ and ‘D.B. Cole’ exceeded 2 inches in average caliper and
averaged 10-12 ft tall, while ‘King’s Choice averaged over 12 feet tall and
‘Dynasty’ lagged behind at slightly less than 10 feet.
Dirr’s manual (1) gives an excellent description and history of ‘King’s
Choice’ and ‘Dynasty’ and since our observations confirm his there is
little need to repeat it here. ‘King’s Choice’ definitely grows faster,
calipers up better, and develops a good canopy at an early age, so it is
probably the best choice for a quick turn around elm crop in the nursery.
Catalog descriptions state that ‘D. B. Cole’ is “smaller growing with a
dense head and outstanding bark detail” (2). In this trial, ‘D. B. Cole’
was not significantly different in growth than other U. parvifolia cv except
‘Pathfinder’, and while it does make up into a nicely shaped tree while
young it is too early to judge mature bark character.
We choose not to recommend U. parvifolia ‘Frosty’ as it is slower growing
than the other lacebark elm cultivars and the leaf variegation is not very
conspicuous, being confined to the teeth on the margin and becoming
muted by midseason. Also not recommended is U. pumila ‘Pendula’
because is not fast growing and not particularly pendulous. Many better
medium size weeping trees are available for landscape use. For a
weeping elm of short stature, we recommend U. glabra ‘Camperdowni’
over the somewhat similar cv ‘Pendula’. ‘Pendula’ may not be as hardy
as it had some dieback in this trial after the 1996 winter and was slow to
recover. Camperdown elm is usually topgrafted on an erect stemmed
understock,and develops a compact dome shaped head and graceful
strongly weeping stems densely clothed in large dark green leaves. This
elm makes a strong architectural accent or novelty in the landscape and
has greener foliage color than weeping mulberry or weeping pussy
willow. Seedless or nearly so, it originated as a seedling in England
about 1850 and may be a hybrid (U. carpinifolia x U. glabra). Dirr (1)
states that most of the plants labelled ‘Camperdownii’ in the U.S. are
‘Horizontalis’, Tabletop Elm, which grows much wider and sets heavy
seed crops. Hillier’s manual (3) and Krussman’s manual (4) list
‘Horizontalis’ as a synonym for ‘Pendula’, which is said to be a flat
478

SNA RESEARCH CONFERENCE - VOL. 45 - 2000
crowned tree with horizontal branches pendulous at the tips and foliated
only at the tips. We need to keep observing our accessions as these
characters become more obvious with age.
Two other elms in the trial were slow growing but good performers and
may be good selections for street tree use in the South. The native U.
crassifolia, Cedar elm, grew to 11 feet tall by 1999 compared to 21 feet
for ‘Pathfinder’. Our plants developed corky wings on older wood, but
are not to be confused with the weedy U. alata, Winged elm. Cedar elm
grows to about 50 feet at maturity with an oval shape and spreads about
40 feet. It blooms in the fall and has sandpapery medium size leaves.
Cedar elm may be an alternative choice to Lacebark elm, but unfortunately is not resistant to Dutch elm disease. U. japonica, Japanese elm
(sometimes listed as U. davidiana ‘Japonica’) is said to be a medium to
large gracefully shaped tree, but in this trial was very slow growing,
reaching only 8.5 feet tall. It is said to be disease resistant. It is decidedly hairy on the undersides of the leaves and on young twigs. Hortus
III lists the hardiness as Zone 6.
Significance to Industry: After the ravaging epidemic of Dutch Elm
disease destroyed (and is still destroying) many of the native U.
americana trees from American landscapes, and after slow progress in
breeding resistant elms that emulate the familiar vase shaped American
elm appearance, the market share of elms in nurseries and landscapes
has plummeted. Interest has slowly developed in disease resistant
hybrids and other species, especially U. parvifolia, Lacebark elm, in part
because of the added ornamental character of exfoliating bark patterns
on mature trunks. This randomized and replicated trial provides information on several elms not currently in common commercial nursery
production. We recommend U. parvifolia cultivars ‘Pathfinder’, ‘King’s
Choice’, ‘D. B. Cole’ and ‘Dynasty’ for commercial shade tree production,
and U. glabra ‘Camperdownii’ as a specimen small weeping tree. Other
cultivars that are currently being promoted were not available at the time
this trial was initiated.
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Best Performing Cultivars in the Red and Silver Maple
Group in the TSU-NCRS Trials 1993-99.
Willard T. Witte and Phillip C. Flanagan
University of Tennessee, Knoxville, TN 37901-1071
Index Words: Red Maple, Silver Maple, Freeman Maple, Cultivar Trial
Nature of Work: A 1996 reference listed 38 cultivars of red maple, Acer
rubrum, 24 cultivars of silver maple, A. saccharinum, and 10 cultivars of
Freeman maple, A. x freemanii which is the hybrid of the two. Many of
these have not been objectively tested for nursery production and
landscape performance in the mid-South. In 1990, Auburn University
established a trial with 10 red maple and 4 Freeman maple cultivars for
comparative evaluation of various characteristics (6). In 1993 and 1994,
we collected 34 different cultivars of red maple, silver maple, and Freeman maple. Plants were obtained from wholesale and specialist nurseries with the exception of one accession from the National Arboretum.
Ten single plant replications of each accession were established in a long
term plant evaluation plot at the Tennessee State University Nursery
Crop Research Station in McMinnville, TN. Rows were laid out 12 feet
apart on the contour with a 3 foot band maintained relatively weedfree
with pre-and post-emergent herbicides. Trees were set 10 feet apart in a
randomized design, such that half the trees could be removed at a later
date (1999) for a final spacing of 12 x 20. Drip irrigation was installed
and used when necessary. Each tree was topdressed with 100 gm (3.5
oz.) 15-15-15 in early spring and again in late spring. Data on height and
caliper was recorded each fall.
Plots were purposely not sprayed for mites, insect, or disease control.
Trees were pruned periodically to establish a clear trunk and eliminate
some forked crotches. We published progress reports on growth periodically (1,2,3,4,5), while realizing it would not be possible to reliably
evaluate many ornamental characteristics until trees began to approach
a semi-mature size. In this report we present a short list of the best
performing silver, red, and Freeman maples. We based our choices
mainly on the criteria of good growth, but also on good survival, and
freedom from winter injury. We reported previously on leaf spot resistance (4). We have not had an opportunity to objectively rate fall color
yet. Mature growth habit, branch structure, and flowering/fruiting characteristics are just becoming apparent.
Results and Discussion: Table 1 presents a short list of silver, freeman, and red maples that grew and performed best so far in the trial. All
should be good candidates for nursery production in middle Tennessee.
The silver maple cultivars listed are much preferable to seed grown stock
because of predictable form, growth and fruiting character. Heavy seed
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producers are undesirable. ‘Silver Queen’ is nearly seedless, has an
improved branching habit, and often develops yellowish fall color.
‘Skinneri’ aka ‘Skinner’s Cutleaf’ is the tallest growing of three cutleaf
cultivars, all of which offer very attractive fine textured foliage and appear
to be relatively trouble free. ‘Born’s Graciosa’ is about half the size of
‘Silver Queen’ and ‘Silver Pyramid’ and offers great potential as a specimen plant in a small modern landscape. There has been no difference in
leaf spot ratings in the silver maple group.
Taxonomists may quibble about the attribution of some of the cultivars
listed here to the x freemanii group. Regardless, these five performed
and grew very well. ‘Autumn Fantasy’ was more resistant to leaf spot
than the other four cultivars on the list. ‘Armstrong’ has a distinctly
upright branching habit developing an oval columnar crown. ‘Autumn
Blaze’ has a broadly ovate crown, and being a male plant is seedless. It
can develop good red fall color. ‘Scarlet Sentinel’ has a rounded crown
with strongly ascending branches and; though it has bright red female
flowers, seems not to produce fruit. Fall color can be a good red or
yellow. ‘Autumn Fantasy’ has broadly oval crown and can develop bright
fall color.
Conspicuously missing from the red maple short list is ‘October Glory’, a
standard in the nursery trade, due to the fact that it had only 50% survival
in our trial. We attribute this failure to the fact that our 4-5 ft bare root
trees were obtained locally and had been severely root pruned for
machine planting before we got them from the nursery. The five that
survived performed as expected, growing to the same height and caliper
as ‘Scarlet Red’. The surviving trees of ‘Bowhall’, a columnar form, grew
bigger and better than ‘Karpick’, an even tighter columnar form, but
‘Bowhall’ had only 50% survival after three years. We don’t know why.
‘Karpick’, ‘Tilford’, ‘Redskin’, ‘Scarlet Red’, and ‘Red Sunset’ were most
resistant to leaf spot compared to other red maple cultivars ‘Autumn
Flame’, ‘Firedance’, ‘Redskin’ and ‘Karpick’ appear to be maturing at
about 75-80% of the size of the other four on the list.
Several maple accessions were cultivars that originated in the far north
and some from the mountains of Mexico. None grew as well those in
Table 1, probably because they were too far outside their zone of adaptation. In some respects, the results of this trial may be interpreted as
picking out cultivars of selected ecotypes that perform well in the central
United States. ‘Northwood’, for example, grew only 13 ft tall and had
poor fall color development. Two cultivars of A. rubrum drummondii from
Mexico grew well but had excessive trunk injury or high mortality in the
trial.
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Significance to Industry: This list represents the best performing half
of the silver, red, and Freeman maple cultivars tested under nursery
production conditions over a 7-year trial duration in middle Tennessee.
They can also be expected to perform well in landscape situations. Most
of these cultivars grow fast, thus enabling growers to produce a marketable tree in a short period of time. This should increase profits by
lowering overhead costs and reducing risk. Many of the cultivars listed
are known in the trade, thus reducing marketing costs to introduce a new
cultivar and get it accepted. A variety of growth habits and fall coloration
potential is represented. Many of these cultivars would lend themselves
to rapid container or pot-in-pot production systems. In previous research
at the University of Tennessee, Dr. John Day grew 2-inch caliper or better
‘Autumn Blaze’ in 25-gallon containers in 2 years (personal communication).
Growers are welcome to visit the trial location at TSU-NCRS,
McMinnville, TN and evaluate the cvs. on their own. Good quality liners
should be readily available from commercial and specialist nurseries.
Literature Cited:
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Best Performing Cultivars in the Sugar and Norway
Maple Groups in the TSU-NCRS Trials 1993-99
Willard T. Witte and Phillip C. Flanagan
University of Tennessee, Knoxville, TN 37901-1071
Index Words: Norway Maple, Sugar Maple, Cultivar Trial
Nature of Work: A 1996 reference describes 37 cultivars of sugar
maple, Acer saccharum, and 48 cultivars of Norway maple, A.
platanoides (7). Many of these have been untested for commercial
production and landscape use in middle Tennessee. In 1993 and 1994,
we collected 12 different cultivars or subspecies of sugar maple, 3
somewhat similar but smaller species (A. miyabei, A. truncatum, A.
heldreichii), 26 cultivars of Norway maple, and two accessions of A.
campestre, Hedge maple. Plants were obtained from wholesale and
specialist nurseries. Ten (in most cases) single plant replications of each
accession were established in a long term plant evaluation plot at the
Tennessee State University Nursery Crop Research Station in
McMinnville, TN. Rows were laid out 12 feet apart on the contour with a
3 foot band maintained relatively weedfree with pre-and post-emergent
herbicides. Trees were set 10 feet apart in a randomized design, such
that half the trees could be removed at a later date (1999) for a final
spacing of 12 x 20. Drip irrigation was installed and used when necessary. Each tree was topdressed with 100 gm (3.5 oz.) 15-15-15 in early
spring and again in late spring. Data on height and caliper was recorded
each fall.
Plots were purposely not sprayed for mites, insect, or disease control.
Trees were pruned periodically to establish a clear trunk and eliminate
some forked crotches. We published progress reports on growth periodically (1,2,3,4,5), while realizing it would not be possible to reliably
evaluate many ornamental characteristics until trees approached a semimature size. In this report we present a short list of the best performing
maples in these groups. We based our choices mainly on the criteria of
good growth, but also on good survival, and freedom from winter injury.
We reported previously on leaf spot resistance (4). We have not had an
opportunity to objectively rate fall color yet. Mature growth habit, branch
structure, and flowering/fruiting characteristics are just becoming apparent.
Results and Discussion: Table 1 presents a selected list of sugar
maples, Norway maples, and a few similar but smaller species that had
superior growth, survival and performance in the trial. All should be good
candidates for nursery production and landscape use in middle Tennessee and adjoining regions. Most of the cultivars in the list are described
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in Dirr’s Manual of Woody Landscape Plants (6) and other references
(7) so no details are offered here. The cultivars listed are much preferable to seed grown stock because of predictable form, growth and
fruiting character. Heavy seed producers are undesirable especially in
Norway maple because this species has become invasive in the Northern US. This character remains to be fully evaluated and was not a
criteria for this list.
None of the variegated or golden forms of Norway maple are recommended for nursery production in middle Tennessee because not only
are they slow growing but highly attractive to Japanese beetle. No
cultivar or species accession was listed if more than 30% of the trees
developed winter injury on the trunk or if more than 30% of the trees died
during the trial.
Significance to Industry: This list represents the best performing
cultivars of sugar maple, Norway maple and similar species tested under
nursery production conditions over a 7-year trial duration in middle
Tennessee. They can also be expected to perform well in landscape
situations. Most of the taxa listed grow fast, except for the red foliage
forms of Norway maple and a few of the smaller species, thus enabling
growers to produce a marketable tree in a short period of time. This
should increase profits by lowering overhead costs and reducing risk.
Many of the cultivars listed are known in the trade, thus reducing marketing costs to introduce a new cultivar and get it accepted. A variety of
growth habits and fall coloration potential is represented. Many of these
cultivars would lend themselves to rapid container or pot-in-pot production systems.
Growers are welcome to visit the trial location at TSU-NCRS,
McMinnville, TN and evaluate the cultivars and species on their own.
Good quality liners should be readily available from commercial and
specialist nurseries.
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Disease Tolerance and Landscape Performance of
Zinnia Taxa in Central Texas
Cory D. Morgan, Larry W. Barnes, Michael A. Arnold, and
Garry V. McDonald
Department of Horticultural Sciences and
Department of Plant Pathology & Microbiology
Texas A&M Univ., Mail Stop 2133, College Station, TX 77843-2133
Index Words: Bacterial leaf spot, powdery mildew, Zinnia angustifolia,
Zinnia elegans, Zinnia haageana, Zinnia peruviana, Xanthomonas
campestris pv. zinniae, Erysiphe cichoracearum.
Nature of Work: Zinnia species have enjoyed a resurgence of popularity as annual bedding and cut flower plants during recent years (1, 2).
The old-fashioned Common Zinnia, Zinnia elegans Jacq., has been
touted for its reported heat tolerance (3). The Mexican Zinnia or
Narrowleaf Zinnia, Zinnia angustifolia Humboldt, Bonpland, & Kunth, has
become a mainstream garden plant after many years as a specialty crop
(2, 4). The surge in popularity of these taxa, plus interest in other
species and hybrids in the genera prompted us to initiate landscape
trials of these species. Despite its reputation as a heat tolerant summer
annual in cooler portions of the USA, Z. elegans cultivars are usually
relegated to use as transition season annuals between the last frost of
spring and the heat of mid-summer or as a fall replacement color plant in
Texas (2). Hence trials were initiated to determine their performance
during Texas’ summer heat, and their propensity for powdery mildew
(Xanthomonas campestris pv. zinniae) and bacterial leaf spot (Erysiphe
cichoracearum) infection.
Cultivars of four species, Zinnia angustifolia (syn. Zinnia linearis, Zinnia
mexicana), Zinnia elegans (syn. Crassina elegans, Zinnia violacea),
Zinnia haageana Regel (Zinnia angustifolia var. haageana), Zinnia
peruviana L. (syn. Crassina multiflora, Zinnia multiflora, Zinnia
pauciflora), and a two hybrid cultivars between Z. angustifolia x Z.
elegans were planted in replicated trials at the Texas A&M University
Nursery / Floral Field Laboratory. Cultivars of Z. elegans included
‘California Giant’, ‘Giant Dahlias’, ‘Oklahoma’, ‘Pulcino’, ‘Ruffles’, and
‘State Fair’. Mexican Zinnia cultivars were Z. angustifolia ‘Star Gold’,
‘Star Orange’, and ‘Star White’. Zinnia peruviana was represented by the
cultivar ‘Bonita Red’ and Zinnia haageana by ‘Persian Carpet’. ‘Profusion Cherry’ and ‘Profusion Orange’ were the hybrid cultivars.
The cultivars were seeded into jumbo 606 packs (0.55 L) containing
Metro-Mix 366 (Grace Sierra, Milpitas, CA) in spring 1999 and placed on
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3 ft. (1 m) tall benches in a greenhouse set at 25/18 C (77/65 F) day/
night temperature setpoints. Photoperiods were natural day length.
Seedlings were fertigated at each watering with 200 ppm (mg•L-1) N from
a complete 24-8-16 water soluble fertilizer (Scotts Co., Marysville, OH).
On March 22, 1999, and March 25, 1999, seedlings were moved to an
outdoor container nursery and placed under 55% light exclusion for one
week to acclimate to outdoor conditions. Plants were then moved to full
sun exposure in the nursery for an additional week.
Three representative six packs were selected per cultivar and transplanted to a 6" (15 cm) tall raised landscape bed containing a mix of 3:1
by volume sandy loam soil and composted municipal yard waste (City of
Bryan, Texas) on April 14, 1999. Plants were placed at manufacturer
recommended spacings. Three blocks were planted containing sixseedling replications of each cultivar per block. Plantings were fertilized
monthly at the rate of 1 lb (453 g) of N from a 15-15-15 granular fertilizer
broadcast over the plants. Plant height and canopy spread in two
perpendicular directions were measured monthly. The presence of
bacterial leaf spot or powdery mildew infected leaves were recorded on
the same dates. Plants were considered infected if the pathogen was
present to any extent on one or more leaves. Flower diameter and
number were sampled in June and August. The study was terminated on
August 1, 1999, due to severe powdery mildew and bacterial leaf spot
infestations in the Z. elegans cultivars.
Results and Discussion: Zinnia elegans, Z. haageana, and Z.
pauciflora exhibited more rapid early season growth and flowering
propensity (data not shown). Zinnia haageana, and especially Z.
pauciflora, tended to be more spindly in appearance compared to the
more compact forms and/or dense canopies of the other species. A large
proportion of the Zinnia elegans cultivars were infected with powdery
mildew by June (Fig. 1), while Infestation with bacterial leaf spot began to
occur earlier in the growing season and varied more widely in prevalence
among the Z. elegans cultivars (Fig. 2).

Zinnia angustifolia was nearly immune to powdery mildew and only rarely
showed symptoms of bacterial leaf blight infestation (Fig. 1 & 2). Zinnia
angustifolia also had greater flower numbers during the heat of summer
(data not shown) than most Z. elegans taxa. While the hybrid cultivars
‘Profusion Cherry’ and ‘Profusion Orange’ exhibited much of the disease
resistance of their Z. angustifolia parent, aesthetic limitations rather than
disease or intolerance to heat were a concern. ‘Profusion Orange’ had a
rather irregular growth form, lacking the compact habit of ‘Profusion
Cherry’. ‘Profusion Cherry’ exhibited serious fading of the flower colors
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from a vibrant cherry red in spring to a dirty white or white with faint pink
flushes by early to mid-summer. By September only the Z. angustifolia
and Z. elegans x Z. angustifolia hybrid cultivars were alive.
Significance to Industry: Zinnia elegans cultivars tested in this study
were not suitable for use as season long summer annuals in Central
Texas due to disease and/or heat intolerance. Zinnia angustifolia cultivars appeared to perform most reliably of the species tested, but they did
not grow as quickly as the Z. elegans seedlings early in the growing
season. Zinnia peruviana and Z. haageana cultivars were more disease
resistant than those of Z. elegans, but had small flowers and generally
less compact growth habits than the other species tested. The Z.
elegans x Z. angustifolia cultivars persisted throughout the season, but
lacked in one or more ornamental attributes. Despite their All-America
gold medal winner status, ‘Profusion Cherry’ and ‘Profusion Orange’ did
not perform well in these trials (1).
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