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Evaluation of Bush Morning Glory
Clonal Selections in Central Texas
Susan K. Harvey, Michael A. Arnold,
Garry V. McDonald, and Jerry M. Parsons
Dept. of Horticultural Sciences, Texas A&M University,
Mail Stop 2133, College Station, TX 77843-2133
Index Words: Bush Morning Glory, Convolvulaceae, Reseeding, Ipomoea carnea subsp. fistulosa.
Nature of Work: Bush Morning Glory, Ipomoea carnea N. von Jacquin
subsp. fistulosa. (K. Von Martinus ex J. Choisy) D. Austin, has potential
to become a very popular landscape plant and an important plant in
commercial nursery production. Once established, the plant is drought
and heat tolerant, soil adaptable, tolerates lower quality irrigation water
high in soluble salts, is a very rapid grower, and can be produced quickly
from cuttings (1). The plant is covered with long trumpet shaped pinklavender or white flowers from mid-spring to frost (1). Hence, the objective of this study was to evaluate the growth habit, flowering attributes,
reproductive characteristics, and ultimate plant size of advanced breeding lines. A further objective was to select superior clones with moderate
growth habits, improved flower size and color with low fruit set for further
evaluation and possible release.
Bush morning glory is self pollinated before the flower buds open. In
order to make crosses, the unopened flower buds were emasculated and
hand-pollinated and the resulting seeds were germinated. From these
seedlings, thirteen superior types were selected for initial evaluation.
Cuttings were taken and used to establish clonal stock plants. Single
three node cuttings were taken on March 5, 2001, and direct stuck into 4
inch individual pots containing a bark/sand substrate (75:25 ratio) without
auxin applications. Plants were misted by hand with water on a periodic
basis. After rooting, plants were potted into trade 1 gal. (2.3 L) black
plastic pots on March 21, 2001, using the same substrate as before.
Plants were watered as needed with 50 ppm (mg·L-1) N (Peter’s Acid
Special, 21-7-7, Scott’s Co., Marysville, Ohio). Individual pots were also
top dressed with 1tsp (6 mg) 15-9-12 Osmocote Plus (Scott’s Co.). On
16 April, 2001, the plants were transplanted to a field plot in College
Station, Texas. Plants were arranged in a randomized complete block
design containing thirteen selections with single plant replications per
each of ten blocks. The field is made up of Lufkin fine sandy clay loam
with moderate to poor drainage. Soil pH is variable, but ranges from
about 8.3 to 8.9. Plots were irrigated as needed using lay flat drip “T”

420

SNA RESEARCH CONFERENCE - VOL. 47 - 2002
tape with inline emitters at 10 psi. from a municipal water supply. Data
collection included plant height, plant width across two perpendicular
directions, and number of flower buds showing color. Data was collected
monthly from April through August. Final data collection on October 17,
2001, included the number of fruit on each plant, size of plants on a scale
of small, medium, or large, and rating of the form. An analysis of variance was conducted for the quantitative variables using the SAS Institute
Inc. (2) programs. A frequency distribution was constructed for the
qualitative ratings of form.
Results and Discussion: Ipomoea carnea subsp. fistulosa is a tropical
woody shrub or small tree reaching 12' to 15', while typical plants of this
taxon grown as summer annuals in Texas mature at 6' to 8' or more in
height (1). All advanced lines tested in this study were dwarf (less than
3') to semi-dwarf (3' to 6') in height with no mean heights exceeding 4'
(Fig. 1). Growth indicies followed a similar pattern of response as height
(data not presented). The semi-dwarf growth forms appeared to be the
most desirable for general landscape use as they provided a dramatic,
but manageable size to anchor summer plantings.
Although some flowers were present nearly all season, flower production
was cyclic (Fig. 2). This tendency was more pronounced with some
clones than others. BM0101, BM0105, BM0110, and BM0112 had
consistently high levels of flowering across most sample dates (Fig. 2).
Clones BM0102, BM0104, BM0105, BM0108, and BM0113 had the most
consistently desirable growth forms (Table 1). BM0105 was the only
clone to rank high in both form and flowering. Reduced seed production
would be an added benefit for plants in a landscape setting to reduce
their potential to become weedy in plantings or establish outside cultivated landscapes. BM0106 had the least fruit production (Fig. 3), but
was also unacceptable in form (Table 1) and flowering (Fig. 2) characteristics. BM0102, BM0104, BM0107, BM0108, and BM 0113 had the
greatest fruit production in this trial (Fig. 3). The remaining clones were
intermediate in fruit production.
Significance to Industry: Several clones with semi-dwarf growth
habits, high levels of flower production, and good growth forms were
identified for expanded trialing in the nursery landscape industry. Variation in fruit production was documented. BM0105 appeared to have the
best combination of characteristics in this trial of the semi-dwarf clones.
Trials in additional sites are needed to confirm the stability of these
assessments under more varied environments prior to the release of
cultivars.
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Table 1. Frequency distribution of end of season growth forms for
thirteen Ipomoea carnea subsp. fistulosa clones grown in a silty clay
loam soil in College Station, Texas, under drip irrigation.
Clone
BM0101
BM0102
BM0103
BM0104
BM0105
BM0106
BM0107
BM0108
BM0109
BM0110
BM0111
BM0112
BM0113

Very goodz

Good

Poor

7
10
4
10
10
2
8
9
3
1
7
5
9

3
0
4
0
0
5
1
1
5
6
1
5
1

0
0
2
0
0
2
1
0
2
3
1
0
0

z

Very good = full dense uniform crown of symmetrical proportions
Good = reasonably uniform crown with a few sparse areas or slightly
asymmetrical in outline
Poor = unacceptable growth habit with a decidedly asymmetrical crown,
legginess, or other sparseness of foliage.
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Figure 1. Mean (± standard errors) height and flowers per plant for thirteen selections of Ipomoea carnea subsp. fistulosa
over the course of the 2001 growing season, n = 10.
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Figure 2. Mean (± standard errors) flowers per plant for thirteen selections of Ipomoea carnea subsp. fistulosa over the
course of the 2001 growing season, n = 10.
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Figure 3. Mean (± standard errors) fruit set per plant for thirteen selections of Ipomoea carnea subsp. fistulosa on 17
October, 2001, n = 10.
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Trespassing Plants: Some Legal Aspects and Ethical
Obligations Associated with Property Line Landscaping
Kim Powell
NC State University, Dept. of Horticultural Science, Raleigh, NC
27695-7609
Nature of Work: Numerous plants are installed along property lines that
are not suited to the intended space. Some ornamental plants become
too large, some have the propensity to spread by underground runners,
and some are offensive to neighbors because of fallen fruit, seed or an
objectionable smell. What is the responsibility of the landscape professional in the selection and installation of plants along property lines?
Results and Discussion:
Alice, the homeowner, decides to hire a landscape professional to plant
trees and shrubs along the property line. What might each consider?
First, locate the property line or boundary. Most homeowners should
have a current survey (plat) of the property. If you cannot locate a copy of
the property survey, contact the County Register of Deeds. If all else
fails, hire a registered surveyor to survey the property. All property lines,
set-backs and easements will be included on current plats.
The properties corners will usually be marked with iron stakes. All angles
(everything that is not a straight line) will also be staked. There is also a
vertical plane associated with land ownership, perpendicular to the
earth’s surface. As a landowner, you also own rights above and below
the earth’s surface in a vertical column bounded by your property lines.
The landscape professional should require a recent plat before beginning
the project, to eliminate the possibility of planting in the wrong place,
especially if the iron stakes cannot be located.
What is trespass? “A trespass occurs when there is physical intrusion
onto the adjacent property. Trespass not only includes the physical
person (intruder),but also includes agents of the trespasser and objects
set in motion.”. (If you throw a rock across someone’s residential lot, this
is considered a trespass. If your parked car rolls onto someone’s property, this is a trespass. If your unchained dog wanders onto your
neighbor’s property, this is a trespass and you may be liable for damages).
A trespass also can occur when you come in contact with the (physical)
vertical boundary line. If your neighbor has a building wall that is on the
property line and you attach a fence or arbor to the wall...you have
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committed a trespass. Your fence post can be beside the wall, but not
touch the wall.
A trespass may also occur above or below the earth’s surface. You
should not string a wire or fire a gun above, or tunnel (under) adjacent
property unless you obtain permission.
If you plant a tree near the property line, any branches that protrude over
the imaginary vertical line are considered your neighbor’s property. If
apples fall off your tree, they become your neighbor’s personal property.
Legally you are trespassing if you reach over the property line to pick up
the fallen apples. Your neighbor also has a legal right to prune off the
branches all the way to the perpendicular, vertical property line, but not
beyond this point. Trees’ roots do not stop growing at the boundary
either. Roots growing across the property line, (underneath the soil) also
become the property of the neighbor. It is within your neighbor’s rights to
cut, sever or prune them all the way to the property line. If it kills the
tree, although they would be responsible for causing the death, they
would not be liable. Do your homework. Find out the growth rate and size
expectations ( both height and spread) of all plants being considered for
planting along property lines. Consider the consequences of planting too
close to the line.
Now, assume a tree that is growing on your property falls onto your
neighbor’s house — who is liable? If your healthy tree blew down in a
hurricane, across the boundary and onto the neighbor’s house, each
homeowner is responsible for his own house. It gets a bit complicated if
the tree were dead and falls over the line..If the dead tree is yours, you
would be liable because you have created a nuisance and should have
corrected the problem before the tree fell.
Where should the landscape contractor position the plant?
Obviously, inside the property line. To be safe, find out the spread
potential of the plant and allow for future growth, remembering that any
branches or roots growing beyond the boundary become your neighbor’s
property. In many situations this will not make a difference. But what if
your current neighbor, with whom you are best friends, sells the property? Your new neighbor might take a different outlook on the branches,
fallen fruit, nuts, seed pods, bird droppings, or leaves that fall on his/ her
property. The landscape professional should advise the client on the
growth habits of plants.
Would you be within your rights to plant a shade tree on the property line,
beside your neighbor’s vegetable garden or swimming pool? Yes , it’s
your right, but expect the neighbor to get very upset in that the shade
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from your tree will ruin the vegetable garden or block the sun from the
pool. (The subject of rights to sunlight and rights to peaceful enjoyment
can be very complicated!)
Can you plant bamboo, pecan trees or ligustrum on the property line?
Bamboo spreads furiously, pecan trees become very large and can
present quite a litter problem, and when ligustrum flowers, it attracts
numerous bees and has a scent objectionable to some. “ A property
owner who suffers an objectionable interference with the use and enjoyment of his property is entitled to relief against the person who has
caused the discomfort. Trespass is the appropriate remedy if the interference arises from a physical invasion, but where the invasion is nonphysical, the correct form of action is nuisance. Nuisance differs from
trespass in that harm is an essential element of this cause of action
(whereas trespass lies for any physical intrusion regardless of harm).
Furthermore trespass is available only to those holding possessory
interests, while nuisance is available for the protection of any interest in
property”.
The activities which are generally held to constitute nuisance “include
some interference with the physical senses caused by e.g. smoke, dust,
odor, noise, light or heat, which would bother a normal person making
normal use of his own property. An activity which is merely visually
offensive is generally not regarded as a nuisance, although one which
causes fright or moral outrage may be”.
The answer to the question is ‘yes’, but be prepared for a confrontation
with the neighbor. There are many residential communities which have
landscaping restrictions and guidelines. The client should tell the landscape professional about these guidelines, before the design is begun.
These guidelines will offer a list of setbacks, height of fences, lighting,
and plant restrictions. (Bamboo will probably be prohibited!)
Significance to Industry: In summary, this information is certainly not a
substitute for legal advice, or a complete explanation of the law. It can
however provide you with some legal concerns of planting trees or
constructing structures along property lines. Common sense and human
consideration should also be included in property line landscaping
i.e.....’do unto others’ is always a good place to begin.
I recommend good communication with all the parties involved with
property line landscaping. Planting a hedge or building a screening fence
might benefit both parties. This is a ‘win-win’ situation, in that not only is
everyone satisfied with the screening results, you also share the costs.
Design a gate into the project to be a good neighbor. Building a fence
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may be regulated by local zoning ordinances and may require a building
permit. It is recommended to locate the fence at least 6" inside the
property line, if there is no permit required... but ask before you start
construction.
If the neighbor objects to your landscaping ideas and there is no compromise in sight, be sure the law is on your side, before you proceed with
the project.
Literature cited:
1. Bernhardt ,Roger, Professor of Law, Golden Gate University ,1981.
Real Property in a Nutshell ,West Publishing Co. St. Paul, Minn.
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Sun Coleus Evaluation in South Mississippi
Christine E. Coker, Patricia R. Knight, Ben Posadas, Cecil T.
Pounders, and John M. Anderson
Mississippi State University
Coastal Research and Extension Center
Biloxi, MS 39531
Index Words: Landscape, performance
Nature of Work: Coleus have become a very popular addition to landscape beds. Cultivars that have gained market share in recent years are
advertised as sun coleus. Evaluations of forty cultivars were conducted
at the South Mississippi Branch Station in Poplarville, MS during summer
2000.
Three single plant replications of each coleus cultivar were planted from
four inch pots in mid- April on three foot centers. Irrigation was provided
as needed through microsprinkler irrigation. Fertilization was applied
based on soil test recommendations at a rate of 1 lb N/1000 ft2. No
insect or disease control was required throughout the test, and flowers
were not removed. Cultivars were evaluated based on vigor, disease
resistance, pest resistance, flowering, uniqueness, and durability. Only
flowering and durability data will be discussed here.
Results and Discussion: Coleus flowers are considered undesirable in
the landscape. Flowering was rated on a 1 to 10 scale (1= no flowering,
10= profuse flowering) (Table 1.). Saturn and Sunflower Red flowered
most with an average rating of 9.0 each. This is in agreement with
Owings et al. (1) who reported profuse flowering on Saturn. New Orleans Red rated 8.7 and Dipt N Wine, Haines, and Solar Spectrum each
rated 8.3. All other cultivars rated 8.0 and below. Nearly half of the
cultivars received flowering ratings of 1.0.
Durability of each cultivar was determined by its landscape performance.
Durability was also rated on a 1 to 10 scale (1= dead, 10= very durable)
(Table 2.). Ducksfoot Red was the most durable of the cultivars observed in this study with a rating of 9.7. Other durable cultivars included
Black Magic, Dipt N Wine, Ducksfoot Tricolor, Ducksfoot Yellow, Mars,
Solar Eclipse, Solar Millennium, Solomon, and Sunflower Red. Winter et
al. (2) also reported Ducksfoot Red and Yellow as well as Solar Eclipse
to be highly rated for landscape appeal and marketability. Each of these
cultivars received an average rating of 9.0. Least durable cultivars
included Bronze Pagoda and Solar Furnace, rating 6.7 and 6.3, respectively.
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Significance to Industry: As new coleus cultivars are introduced into
the market, it is important for producers and retailers alike to be aware of
the quality traits of these cultivars in order to make informed recommendations to consumers.
Literature Cited:
1. Owings, A.D., P.J. Cox, and K.M. Leader. 1999. Landscape performance of coleus cultivars. Proceeding of the 44th Southern Nursery
Association Research Conference 44:433-435.
2. Winter, N., J. Curtis, and D. Tatum. 2000. Coleus cultivar performance for Mississippi landscapes. Proceeding of the 45th Southern
Nursery Association Research Conference 45:416-417.

Table 1. Flowering of coleus cultivars as of August 16, 2000.
Cultivar

Floweringa

Alabama
1.0hb
Amazon
2.7fgh
Black Magic
1.0h
Bronze Pagoda
1.0h
Burden’s Flare
1.0h
Burgundy Sun
7.7abcde
Cranberry Salad
5.0efg
Dipt N Wine
8.3abc
Ducksfoot Red
1.0h
Ducksfoot Tricolor
1.0h
Ducksfoot Yellow
1.0h
Gold Giant
1.0h
Haines
8.3abc
Inky Fingers
1.0h
Jade
7.7abcde
Mardi Gras
5.0efg
Mars
2.7fgh
Mississippi Summer 5.0efg
New Orleans Red
8.7ab
Night Skies
1.0h
Olympic Torch
5.7cde
Othello
7.3abcde
Pineapple
2.7fgh
Plum Parfait
2.0h
Red Cascade
1.0h

Cultivar

Flowering

Rose
Saturn
Solar Eclipse
Solar Flare
Solar Furnace
Solar Millennium
Solar Set
Solar Spectrum
Solar Storm
Solar Sunrise
Solomon
Sunflower Red
Sunset
Swiss Sunshine
The Line
Significance
Cultivar
Rep

8.0abcd
9.0a
2.3gh
6.0bcde
1.0h
1.0h
1.0h
8.3abc
5.0efg
5.3def
1.0h
9.0a
1.0h
1.0h
1.0h
**
NS

a

1 = no flowering;
10 = profuse flowering

b

Means followed by different
letters are significantly different
according to Fisher’s Protected
LSD (p=0.05).
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Table 2. Durability of coleus cultivars as of August 16, 2000.
Cultivar
Alabama
Amazon
Black Magic
Bronze Pagoda
Burden’s Flare
Burgundy Sun
Cranberry Salad
Dipt N Wine
Ducksfoot Red
Ducksfoot Tricolor
Ducksfoot Yellow
Gold Giant
Haines
Inky Fingers
Jade
Mardi Gras
Mars
Mississippi Summer
New Orleans Red
Night Skies
Olympic Torch
Othello
Pineapple

Cultivar

Durabilitya

Plum Parfait
Red Cascade
Rose
Saturn
Solar Eclipse
Solar Flare
Solar Furnace
Solar Millennium
Solar Set
Solar Spectrum
Solar Storm
Solar Sunrise
Solomon
Sunflower Red
Sunset
Swiss Sunshine
The Line
Significance
Cultivar
Rep

b

7.3efg
8.0cde
9.0ab
6.7gh
8.3bcd
7.7def
7.7def
9.0ab
9.7a
9.0ab
9.0ab
8.3bcd
8.7bc
8.0cde
8.7bc
7.0fgh
9.0ab
8.0cde
8.0cde
7.3efg
8.7bc
8.3bcd
7.0fgh

a
b
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Durability
7.7def
8.0cde
8.7bc
8.0cde
9.0ab
8.0cde
6.3h
9.0ab
7.7def
7.3efg
8.3bcd
7.0fgh
9.0ab
9.0ab
8.3bcd
8.7bc
8.7bc
**
**

1 = dead; 10 = very durable
Means followed by different
letters are significantly different
according to Fisher’s Protected
LSD (p=0.05).
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Photosynthetic Capacity of Illicium parviflorum and
I. floridanum Exposed to High Irradiance
Jason J. Griffin1 and Thomas G. Ranney2
John C. Pair Horticultural Center, Kansas State University
1901 E. 95th Street South, Wichita, KS 67233
2
Mountain Horticultural Crops Research and Extension Center
North Carolina State University
455 Research Drive, Fletcher, NC 28732
1

Index Words: A/Ci Curve, Light Response Curve, Environmental Stress,
Photoinhibition, Photosynthesis
Nature of Work: Excessive irradiance can be detrimental to many
landscape plants. In particular, those that are not well adapted or have
not been properly acclimated to high-light can be especially sensitive.
Plants that are adapted to high-light typically have a greater light-saturated photosynthetic capacity (Amax) and increased capacity to dissipate
excess absorbed light energy, potentially limiting the formation of reactive
oxygen species (1,3). A high Amax enables a large percent of absorbed
energy to be used in photosynthesis, reduces the need for alternative
dissipating mechanisms, and minimizes the risk of photodamage (4).
However, when acclimated to high but not excessive light intensities,
most plants can up-regulate their protective mechanisms, as well as their
Amax. The extent of this acclimation can mean the difference between
survival and death of the plant.
Many taxa of Illicium L. experience some level of photoinhibition when
grown in full sunlight (2). Illicium floridanum Ellis. was one taxa where
assimilation and dark-adapted maximum quantum efficiency (Fv/Fm)
were severely inhibited by high-light growing conditions. Another species, I. parviflorum Michx. ex Vent, and the cultivar I. parviflorum ‘Forest
Green’, however, experienced no decrease in assimilation or Fv/Fm,
suggesting no photoinhibition had occurred. These two species are both
native to the southeastern US, and are becoming popular landscape
plants. However, data suggests they are not interchangeable with regard
to exposure in the landscape. The purpose of this study was to examine
the physiological response of photosynthesis in these two species when
exposed to full sunlight.
Plants were grown as described previously (2) and placed in either sun
or shade until new leaves had acclimated to the growing environment.
Light response curves were generated on a block-by-block basis for each
plant using a CIRAS-1 (PP Systems, Haverhill, MA) infrared gas ana-
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lyzer. A recently matured leaf was placed in a dark cuvette at 30 °C (86
°F) with 350 µL•L-1 CO2 and given 15 min to stabilize. Dark respiration
was then recorded and the irradiance was increased to 2000 µmol•m-2•s-1
PAR in nine increments (50, 100, 150, 200, 500, 800, 1000, 1500, and
2000 µmol•m-2•s-1). Assimilation was recorded at each light level following a 10 min acclimation period. The following day, A/Ci curves were
generated on the same plants. A different recently matured leaf was
placed in the cuvette at a temperature of 30 °C (86 °F), 1000 µmol•m2
•sec-1 PAR, and 370 µL•L-1 CO2. The air within the cuvette was maintained at approximately 70% relative humidity to guard against stomatal
heterogeneity. Following a 15 min acclimation period, assimilation was
recorded and the CO2 concentration was reduced to 50 µL•L-1 where
another reading was taken. A gradual increase in ambient CO2 to a final
concentration of 2000 µL•L-1 in 10 increments occurred with a reading
taken at each increment following a 10 min acclimation period.
The experimental design was a randomized complete block with a splitsplit-plot arrangement of treatments. Two light regimes (100% and 50%
incident irradiance) represented whole plots, species the first split-plot,
and irradiance or CO2 concentration the final split-plot. The treatments
were replicated six times. Data were analyzed using ANOVA and models
were fit with PROC NLIN in SAS.
Results and Discussion: The light response curves revealed no
statistical difference in photosynthesis between plants grown in full sun
or under shade, so only the main effect of species were presented. The
data clearly revealed a fundamental difference between these two
species (Fig. 1). Illicium parviflorum was able to dissipate a greater
portion of energy from incident irradiance through carbon fixation than I.
floridanum. Calculated Amax of I. parviflorum and I. floridanum was 23
and 7 µmol CO2•m-2•s-1, respectively. Surprisingly, no differences between the two species were detected for quantum efficiency, light compensation point, or the rate of respiration. However, the estimated light
saturation point was nearly six fold greater for I. parviflorum than I.
floridanum (1170 and 200 µmol•m-2•s-1 PAR, respectively). The data
suggest that when grown under high-irradiance or partial shade, I.
parviflorum is able to dissipate a greater portion of energy into carbon
assimilation if exposed to high-light.
The data from the A/Ci curves suggests that the difference in Amax
between the two species may not be a simple affect of stomatal aperture.
Saturating internal CO2 concentrations (Fig. 2) were achieved in both
species and I. parviflorum had a calculated potential photosynthetic
capacity (PPC) of 56 µmol•m-2•s-1 compared to 24 µmol•m-2•s-1 for I.
floridanum. Although the relative difference between the PPC of these
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two species is not as great as the light response data, it still suggests
that I. parviflorum is simply capable of fixing more CO2 given the same
internal CO2 concentration.
Significance to Industry: This study indicated that these two species of
Illicium, vary considerably in their capacity to utilize high-light intensities
for photosynthesis. I. floridanum did not have a high photosynthetic
capacity and was therefore unable to dissipate light energy through
photosynthesis to the extent that I. parviflorum could. In a nursery or
landscape situation, these two species cannot be treated equally. Only I.
parviflorum can be successfully grown in full sun, whereas both species
can be grown in shade.
Literature Cited
1. Demmig-Adams, B., W. W. Adams, and S. C. Grace. 1997. Physiology of light tolerance in plants. Hort. Rev. 18:215-246.
2. Griffin, J.J. and T.G. Ranney. 2001. Comparative light tolerance
among taxa of Illicium. Proc. South. Nurs. Assn. Res. Conf. 46:525527.
3. Lambers, H., F. S. Chapin III, and T. L. Pons. 1998. Plant physiological ecology. Springer-Verlag New York Inc. NY.
4. Niyogi, K. K. 1999. Photoprotection revisited: genetic and molecular
approaches. Annu. Rev. Plant Physiol. Plant Mol. Biol. 50:333-359.
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Net CO2 Assimilation (µmol•m-2•s-1)

Irradiance (µmol•m-2•s-1 PAR)

Intercellular CO2 Concn (µL•L-1)
Fig. 1. Effect of increasing irradiance (A), and CO2 concentration (B), on
photosynthesis in species of Illicium. Growth irradiance did not significantly affect the response within a species, therefore sun and shade
measurements for a species were averaged. Error bars in A are ±1
standard error of the mean for all observation at that irradiance; n = 12.
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Essential Nomenclature References for the
Horticulturist: The Engraved Labeling Project
at the JC Raulston Arboretum
F. Todd Lasseigne, Christopher Todd Glenn
Jon L. Roethling, Nancy Doubrava, and Valerie Tyson
JC Raulston Arboretum, North Carolina State University Department
of Horticultural Science
Box 7609, Raleigh, NC 27695-7609
Index Words: Cultivated Plant Nomenclature, Horticultural References
Nature of Work: For the past two years, the JC Raulston Arboretum
(JCRA) has embarked on a campaign to produce new engraved labels
for our plant collections, now numbering nearly 5,500 taxa. In producing
labels with correct, up-to-date nomenclature for such a diverse assemblage of plants, no single reference was found that could answer all
questions regarding plant origin and correct nomenclature. Despite
commonly-heard calls from industry professionals and academics for the
location of a hypothetical clearinghouse where information on nomenclatural changes is posted, we verified that no such place yet exists.
Three critical realizations were identified both before and during the
process of producing labels at JCRA. 1) In investigating such a diverse
range of plants, we were, in essence, creating a database of reference
materials and their applicability to specific plant groups. 2) For many
groups of plants, nomenclature is in a state of flux, to the point that in
some cases few authorities agree. These nomenclatural changes occur
on a regular basis and are linked to discoveries made through advances
in molecular taxonomic techniques and the current rapid pace of introduction of new plants. 3) Not all cultivated plants are being named
properly according to the established rules of nomenclature.
Results and Discussion: Table 1 lists horticultural references found to
be most useful both for addressing nomenclatural questions and for
breadth of coverage. In particular, it is important to note the specific
areas in which these references are most useful – e.g., woody plants,
cultivars, conifers, etc. Although some of these references are not
readily available, most can be found at large libraries or through usedbook services. As specified in the table, the primary reference used at
the JCRA is the RHS Plant Finder, of which we obtain current editions
directly from the U.K.
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Beyond this brief list, we have relied heavily on specialist literature to
derive accurate information on difficult plant groups, or groups where
there are proliferations of cultivars. This would include, but is not restricted to, the following: maples (26); Japanese maples (27), azaleas
(9), and hollies (10), to name a few. Nursery catalogs can be another
valuable source of information, but this must be tempered with a knowledge of their thoroughness and accuracy. For newly named cultivars
originating from nurseries, catalogs are often the only source of information. Another trend that emerged is that random Web searches often
yielded information found nowhere else in standard references. Again,
one must always call into question the quality of a Web- page before
using it as an authoritative reference, since there are often no critical
reviews of materials posted to Web-sites. Other groups are limited in
that there are either few references, or ones that are out-of-date. This is
particularly true for cultivars of plants originating from Japanese nurseries, and for herbaceous perennials. In these cases, assembly of authoritative Web databases might be a worthwhile consideration for interested
persons / businesses / institutions. From this, it should be clear that no
one horticultural reference can or should be relied on as a “one-stop
shopping” source of information. Disagreement among references and /
or noted authorities on particular groups also causes frustrations. For
example, a variegated cultivar of birdsfoot sedge (Carex conica) is
known by several cultivar names: ‘Hime’ (T. Avent, Plant Delights Nursery
catalog and www.plantdelights.com), ‘Hime-kan-suge’, ‘Marginata’,
‘Snowline’ (5, 22), and ‘Variegata’ (1).
Table 2 showcases three examples of popularly grown plants wherein
scientific names recently have changed. In these cases, it is only the
common names that are consistent, contrary to the intent of the rules of
botanical and cultivar nomenclature, which are meant to induce stability
in plant naming. However, this simple table belies the complexity as to
why the changes have occurred. Of the three examples listed, it would
be safe to conclude that Pfitzer juniper should now be called Juniperus
xpfitzeriana ‘Wilhelm Pfitzer’ and that Leyland cypress most likely should
now correctly be known as xCuprocyparis leylandii. However, although
banana magnolia may now be included in the genus Magnolia as M. figo,
some debate among academicians is still occurring for this plant. Unfortunately, it is beyond the scope of this article to detail the stories behind
each of these examples.
Lastly, Table 3 highlights a few of the commonly violated rules of the
International Code of Nomenclature for Cultivated Plants (ICNCP) (25)
and gives specific examples. Many of these will be new to nursery
professionals, and some academicians, but the Code dates back to
1995. As an easily read, short document, ICNCP should be considered
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essential reading for any professional horticulturist, plantsperson, or
botanical garden / arboretum curator or collections manager.
Significance to Industry: As professionals, we all strive to produce
documents that are accurate and reflect the current state of our knowledge. Whether these documents consist of scientific research papers or
nursery catalogs, the strive for professionalism remains present. Recent
advances in the sciences of plant classification, as well as the continual
flood of new plants into the horticultural marketplace, make it difficult for
even the most astute of professionals to keep pace. We hope that the
information compiled here will be useful to professionals performing
diverse tasks – e.g., putting together nursery catalogs or price lists;
dispensing information about new plants (e.g., from university extension
personnel); and managing plant collections at nurseries, botanical
gardens, and arboreta.
Literature Cited:
1. Armitage, A.M. 1997. Herbaceous perennial plants: A treatise on
their identification, culture, and garden attributes. Stipes Pub.,
Champaign, IL.
2. Bailey, L.H. and E.Z. Bailey. 1941. Hortus second: A concise dictionary of gardening, general horticulture and cultivated plants in North
America. Macmillan, New York.
3. Berckmans, P.J. 1900. Michelia, p. 1010. In: L.H. Bailey. Cyclopedia
of American horticulture. Macmillan, New York.
4. Dallimore, W. and A.B. Jackson. 1948. A handbook of Coniferae
including Ginkgoaceae. 3rd ed. Edward Arnold, London.
5. Darke, R. 1999. The color encyclopedia of ornamental grasses:
Sedges, rushes, restios, cat-tails, and selected bamboos. Timber
Press, Portland, OR.
6. Dirr, M.A. 1998. Manual of woody landscape plants: Their identification, ornamental characteristics, culture, propagation and uses. 5th
ed. Stipes Pub., Champaign, IL.
7. Figlar, D. 2001. Evaluation of “new” evergreen magnolias at Magnolia Grove Arboretum. Rhapidophyllum Winter 2001 / 9(2):5-11, 15.

439

SNA RESEARCH CONFERENCE - VOL. 47 - 2002
8. Gadek, P.A., D. L. Alpers, M.M. Heslewood, and C.J. Quinn. 2000.
Relationships within Cupressaceae sensu lato: A combined morphological and molecular approach. Amer. J. Bot. 87:1044-1057.
9. Galle, F.C. 1987. Azaleas. Timber Press, Portland, OR.
10. Galle, F.C. 1997. Hollies: The genus Ilex. Timber Press, Portland,
OR.
11. Harder, D.K. 2002. The golden Vietnamese cypress, Xanthocyparis
vietnamensis: A new genus and species for science. Conifer Quarterly 19(2): 54-57.
12. Hirose, Y. and M. Yokoi. 1998. Variegated plants in color. Varie Nine,
Ltd., Yamate- cho, Japan.
13. Hirose, Y. and M. Yokoi. 2001. Variegated plants in color. Volume 2.
Varie Nine, Ltd., Yamate-cho, Japan.
14. Jacobson, A.L. 1996. North American landscape trees. Ten Speed
Press, Berkeley, CA.
15. Krüssmann, G. 1985. Manual of cultivated conifers. Timber Press,
Portland, OR.
16. Le Duc, A., R.P. Adams, and M. Zhong. 1999. Using random amplification of polymorphic DNA for a taxonomic reevaluation of Pfitzer
junipers. HortScience 34:1123-1125.
17. Liberty Hyde Bailey Hortorium (LHBH). 1976. Hortus third: A concise
dictionary of plants cultivated in the United States and Canada.
Macmillan, New York.
18. Lord, T. (ed.). 1996. The RHS Plant Finder. 1996/97 ed. Dorling
Kindersley, London.
19. Lord, T. (ed.). 1997. The RHS Plant Finder 1997-98. Dorling
Kindersley, London.
20. Lord, T. (ed.). 1999. RHS Plant Finder 1999-2000. Dorling
Kindersley, London.
21. Lord, T. (ed.). 2000. RHS Plant Finder 2000-2001. Dorling
Kindersley, London.

440

SNA RESEARCH CONFERENCE - VOL. 47 - 2002
22. Lord, T. (ed.). 2002. RHS Plant Finder 2002-2003. Dorling
Kindersley, London.
23. Rehder, A. 1940. Manual of cultivated trees and shrubs hardy in
North America: Exclusive of the subtropical and warmer temperate
regions. 2nd ed. Macmillan, New York.
24. Tutin, T.G. 1964-1980. Flora Europaea. Cambridge Univ. Press,
Cambridge, England.
25. Trehane, P., C.D. Brickell, B.R. Baum, W.L.A. Hetterscheid, A.C.
Leslie, J. McNeill, S.A. Spongberg, and F. Vrugtman. 1995. International code of nomenclature for cultivated plants – 1995. Quarterjack
Pub., Wimborne, U.K.
26. Van Gelderen, D.M., P.C. de Jong, and H.J. Oterdoom. 1994. Maples
of the world. Timber Press, Portland, OR.
27. Vertrees, J.D., rev. by P. Gregory. 2001. Japanese maples: Momiji
and kaede. 3rd ed. Timber Press, Portland, OR.
28. Welch, H.J. 1991. The conifer manual. Vol. 1. Kluwer Academic Pub.,
Dordrecht, The Netherlands.
29. Welch, H. and G. Haddow. 1993. The world checklist of conifers.
Landsman’s Bookshops, Ltd., Buchenhill, England.
30. Wu, Z. and P.H. Raven (eds.). 1994+. Flora of China. Science Press,
Beijing, and Missouri Botanical Garden Press, St. Louis, MO.

441

SNA RESEARCH CONFERENCE - VOL. 47 - 2002
Table 1. Nomenclatural references utilized by the JC Raulston Arboretum.
Reference

Usage at JCRA

T. Lord (ed.). 2002. RHS Plant Finder
2002-2003

Primary reference

M.A. Dirr. 1998. Manual of Woody
Landscape Plants, 5th ed.

U.S. cultivars of woody
plants

A.L. Jacobson. 1996. North American
Landscape Trees

Cultivars of trees

H. Welch and G. Haddow. 1993. The World
Checklist of Conifers

Conifers

Z. Wu and P.H. Raven (eds.). 1994+. Flora
of China

Chinese native plants

T.G. Tutin (ed.). 1964-1980. Flora Europaea

European native plants

Y. Hirose and M. Yokoi. 1998, 2001.
Variegated Plants in Color, Volumes 1 & 2.

Cultivars of Japanese
plants

Biota of North America (BONAP). Plant
Genus Database http://www.csdl.tamu.edu/
FLORA/b98/bongenxx.htm

Common names of
U.S. native plants

P. Trehane et al. 1995. International Code of
Nomenclature for Cultivated Plants – 1995

Rules of cultivated
plant nomenclature
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Table 2. Examples of nomenclatural changes encountered in three taxa
of ornamental plants.
Plant

Reference

Pfitzer juniper
Juniperus chinensis ‘Pfitzeriana’
Juniperus xmedia ‘Pfitzeriana’

Juniperus xpfitzeriana ‘Pfitzeriana’
Juniperus xpfitzeriana ‘William Pfitzer’
Juniperus xpfitzeriana ‘Wilhelm Pfitzer’
Leyland cypress
xCupressocyparis leylandii
Cupressus xleylandii
xCuprocyparis leylandii
Banana shrub
Magnolia fuscata
Michelia fuscata
Michelia figo
Magnolia figo

Rehder, 1940
Krüssmann, 1991; Lord,
1996; Welch, 1979
Lord, 1997
Lord, 1999
Le Duc et al., 1999; Lord,
2000, 2002
Dallimore and Jackson, 1948
Gadek et al., 2000
Harder, 2002
Berckmans, 1900
Bailey and Bailey, 1941
LHBH, 1976
Figlar, 2001
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Table 3. Commonly violated rules of the International Code of Nomenclature for Cultivated Plants (ICNCP) (Trehane et al., 1995).
Where Covered in ICNCP

Rule

Principle 6 and Article 11
(pages 4 & 15)

Cultivar names must be universally
available. Therefore, trademark names
(™ or ®) cannot be used as a cultivar.

E.g., Ilex Martha Berry™ and Ilex ‘Martha Berry’ are both published names.
What is the correct cultivar name?
E.g., Ilex (Red Holly Group) – All are listed at www.redholly.com as Ilex
x‘Cardinal’(TM). Since the cultivar cannot equal the trademark name, the
cultivar names listed are invalid.

Article 17.9
(page 21)

Cultivars named after 1959 must be in a
modern language – e.g., not Latin.

E.g., Ilex cornuta ‘Burfordii Nana’ is an invalid name, since it originated after
1959. Ilex cornuta ‘Dwarf Burford’ is the correct name.

Article 17.8
(page 20)

Cultivars of hybrid origin are not to be
indicated so by the use of a multiplication
sign (x) before the cultivar name.

E.g., Ilex ‘Nellie R. Stevens’ is correct. Ilex x ‘Nellie R. Stevens’ is incorrect.

Article 28.1
(pages 33-34)

Cultivar names must be retained in the
language in which they were originally
published and should not be translated.
The translated cultivar name may serve
as a common name.

E.g., Sedum ‘Herbstfreude’ is correct, and Sedum ‘Autumn Joy’ is incorrect.
Autumn Joy may be used in the common name, however.
E.g., Cercidiphyllum japonicum ‘Rotfuchs’ is correct, and Cercidiphyllum
japonicum ‘Red Fox’ is incorrect.

Articles 7 and 21
(pages 13-14 & 27)

New cultivar names should be 1) registered with the respective registration
authority and 2) validly published.
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155 Research Road
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Quincy, FL 32351-1905
Index Words: Ornamental Vine, Beneficial Insects, Pests, Pest
Management, Flowering
Nature of Work: Consumers and landscapers are demanding new or
improved landscape plants, and nurseries are scrambling to discover,
develop, release and promote such plants (Raulston 1992, Raulston and
Grant 1994). Within the overall category of “new” plants, vines and
climbing plants are increasing in landscape importance because of their
adaptability to the smaller, but more intensively used, landscapes of
modern homes (Eisener 2000a). Flowering vines bring eye-level flowers
and foliage when grown on walls, trellises or in narrow or small beds that
otherwise wouldn’t allow for the growth of trees and shrubs.
In the rush to market new plants, few efforts have been made to evaluate
plants for adaptability to Florida or for characteristics such as resistance/
susceptibility to plant pests. We established two plantings of vines in
north Florida in 1998 to evaluate growth, ornamental value and the types,
numbers and seasonal occurrence of pests and beneficial insects such
as lacewings and ladybeetles (Miller and Williams 1990). Fifteen different
vines were evaluated at the two sites: the North Florida Research and
Education Center in Monticello and 200 miles (321.8 K) west at the West
Florida Research and Education Center in Jay (Table 1). The fifteen
vines represented 13 perennial species and two morning glory species
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(Ipomea alba ‘Giant White’ and Ipomea purpurea) to represent a typical
annual for comparison. Plants were planted at the base of wooden
4(10.2 cm) X 4 posts, each with a panel of wire fence attached at the top.
To establish contact with the post, vines were tied near the base of the
post at planting. A single length of twine was also attached from the
fence panel to the base of the post as a means of support for twining
vines. Plants received an annual application of 60 g (1.9 oz) Osmocote
18-6-12 each March and supplemental watering of 1 G (3.7 L) per week
from March through October. No pesticides were applied to the vines and
scouting for presence of flowers and insects was conducted on a biweekly basis from March through October or November each year
depending on the date of first frost. Data presented here represent a
summary of the presence of flowers on a monthly basis from March
through November, for plants grown at WFREC-Jay and March through
October for plants grown at NFREC-Monticello for the years 1999
through 2001. Data for presence of aphids, mites, lady beetles, lace
wings and assassin bugs were recorded at WFREC - Jay from March
through November, 1999 through 2001.
Results and Discussion: Most vines were successful at reaching the
top of the vine trellis by the end of the first growing season in 1998 or by
mid summer of 1999 with the exception of Aster carolinianus. The growth
form of this aster, a rounded, shrubby form with a height of approximately
3 ft. (0.9 m), is similar to a clambering vine making it more suited to a
trellis system rather than the single posts used in this test. The remaining
vine species have tendrils or roots to aid with climbing or were twining
species that rapidly attached to the post or climbed the twine to reach the
wire support. It is interesting to note that several vines included in our
trials have also been identified as potentially invasive species and may
not be suitable for home landscapes because of their aggressive growth
or reproductive qualities (Eisener 2000b).
Most vines were planted at both locations allowing for a comparison of
the flowering times (Table 1). Flowering remained similar among many of
the vine species grown at both locations. Notable exceptions included
the longer summer flowering period of Akebia quinata at NFRECMonticello and the earlier flowering of Campsis radicans and Campsis
grandiflora ‘Morning Calm’ at WFREC-Jay. The longest flowering periods
were recorded for the Lonicera taxa and Bignonia capreolata ‘Tangerine
Beauty’. Each of these taxa had flowers present for every month of the
evaluation with the greatest number of flowers evident in the early spring
and late fall.
Many vines planted a NFREC - Monticello were subjected to repeated
predation by deer. This impact was particularly notable with Passiflora
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vitifolia which was repeatedly eaten to the ground most years. This
repeated predation severely impacted flowering for this species for most
years. Other species suffering repeated predation by dear included Aster
carolinianus, Campsis grandiflora ‘Morning Calm’, Campsis x tagliabuena
‘Madame Galene’, and Lonicera heckrotti ‘Gold Flame’. No vines were
impacted by deer predation at WFREC-Jay.
The presence of aphids did not prove to be a problem on the ornamental
vine planting at WFREC. Aphids remained absent from a majority of the
vine species throughout the three year evaluation period (Table 2).
Aphids were present in the vine trial area in April and June through
September but did not occur on the same species of vine for more than
two months. For each vine species hosting an outbreak of aphids, no
aphids were observed following the appearance of lady beetles, lacewings or assassin bugs. One notable exception to this was the occurrence
of aphids on Wisteria frutescens for an additional month after none of the
three beneficial insect species were noted on the same plants. These
minor occurrences of aphids did not appear to have a negative impact on
flowering.
The presence of mites was also very low for this group of plants with
mites present on only four taxa throughout the three year evaluation
period (Table 2). Two taxa serving as hosts to mite populations were the
annuals Ipomea purpurea and Ipomea alba ‘Giant White’. The only taxa
to host mite populations for more than a single evaluation period was
Passiflora ‘Byrons Beauty’ which contained mites from April to June and
then again in November. It is interesting to note that both lady beetles
and assassin bugs were present on these plants from July to September
when no mites were present but the mites returned in November after a
one month absence of these beneficial insects. Mite populations present
on these plants were not considered sever and did not appear to negatively impact flowering.
Beneficial insects (lady beetles, lace wings, and assassin bugs) were
present on Campsis and Passiflora taxa for much of the growing season
although no pest species were observed. The presence of these insects
on these taxa in the absence of pest insects may be related to the
occurrence of extra-floral nectaries. Extrafloral nectaries are present on
both of these plant species and may provide a nutrient and carbohydrate
source for these beneficial insects (Elias and Gelband 1976).
Significance to Industry: We established vine plantings at two locations in Florida to explore the influences of geographic location and plant
species on the presence and seasonal occurrence of pest and beneficial
arthropods as well as growth and ornamental characteristics of the
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plants. Evaluations at multiple locations is important for determining
regional performance of plants. Landscapers and consumers will need to
learn about ornamental vines best suited for their region and each
taxon’s associated flowering and growth characteristics. This information
also will help growers select vines for production. Data on pest and
beneficial arthropods will be helpful in determining pest management
strategies when producing these plants in the nursery or using them in
the landscape.
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Table 1. Presence (+) and absence (-) of flowers on ornamental vine
species grown at WFREC-Jay (March - Nov.) and NFREC-Montecello
(March - Oct.) from 1999 to 2001.
Month
Species

Location

Akebia quinata
(Chocolate Vine)

WFREC

M A M J
+ + - -

J
+

A S O N
- - + -

NFREC
WFREC

+
-

+
-

-

+
+

+
+

+ + +

+
+

+

NFREC
WFREC

+

+

+
+

+
+

+
+

+ +
+ +

+
+

+

NFREC
WFREC

+
-

+
-

+
+

+
+

+
+

+ +
+ +

-

-

NFREC
WFREC

-

-

+

+
+

+
+

+ +
+ +

-

-

NFREC
WFREC

-

-

+

+
+

+
+

+ +
+ +

+

-

NFREC
WFREC

-

-

+
+

+
+

+
+

+ +
+ +

+

+

NFREC
WFREC

-

-

-

+

+

+ +
+ +

+

+

NFREC
WFREC

+

+

+

+

+
+

+ +
+ +

+

+

NFREC
WFREC

+
+

+
+

+
+

+
+

+
+

+ +
+ +

+
+

+

NFREC
WFREC

+
+

+
+

+
+

+
+

+
+

+ +
+ +

+
+

-

NFREC
WFREC

+
+

+
+

+
+

+
+

+
+

+ +
+ +

+
+

+

NFREC
WFREC
NFREC
WFREC
NFREC
WFREC
NFREC

+
-

+
+
+
+

+
+
+
+

+
+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
-

+
+
-

Aster carolinianus
(Climbing Aster)
Bignonia capreolata ‘Tangerine Beauty’
(Cross Vine)
Campsis grandiflora ‘Morning Calm’
(Trumpetvine)
Campsis radicans ‘Flava’
(Trumpetvine)
Campsis x tagliabuena ‘Madame Galene’
(Trumpetvine)
Ipomea alba ‘Giant White’
(Moon Vine)
Ipomea purpurea
(Morning Glory)
Lonicera heckrotti ‘Gold Flame’
(Honeysuckle)
Lonicera sempervirens ‘Leo’
(Honeysuckle)
Lonicera sempervirens ‘Sulphurea’
(Honeysuckle)
Lonicera X ‘Dropmore Scarlet’
(Honeysuckle)
Passiflora ‘Byron’s Beauty’ (Passion Vine)
Passiflora ‘Incense’ (Passion Vine)
Passiflora vitifolia(Passion Vine)
Wisteria frutescens (American Wisteria)
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Table 2. Presence (+) and absence (-) of insects on ornamental vine
species grown at WFREC -Jay from 1999 to 2001.

Species
Akebia quinata
(Chocolate Vine)

Aster carolinianus
(Climbing Aster)

Bignonia capreolata
‘Tangerine Beauty’
(Cross Vine)

M A M J

Month
J A S O N

Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs

-

-

+
-

-

+
+
-

-

-

-

-

Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs

-

-

-

+
-

+
-

+
-

+
-

-

-

Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs

-

+
-

-

+

+
+
+
-

-

-

-

-

-

+
-

+
-

+
+

+
-

+

-

-

-

-

-

+
+

+
+
+

+
+
+

+
+
-

+
+
-

-

-

-

+
+
-

+
+

+
+

+
+
-

+
+
-

+
+

-

-

-

-

-

-

-

+
+

+
+
-

-

-

Campsis grandiflora
‘Morning Calm’ (Trumpetvine) Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs
Campsis radicans ‘Flava’
(Trumpetvine)
Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs
Campsis x tagliabuena
‘Madame Galene’
(Trumpetvine)
Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs
Ipomea alba ‘Giant White’
(Moon Vine)
Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs
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Table 2. Continued

Species
Ipomea purpurea
(Morning Glory)

Lonicera heckrotti
‘Gold Flame’
(Honeysuckle)

Lonicera sempervirens ‘Leo’
(Honeysuckle)

Lonicera sempervirens
‘Sulphurea’
(Honeysuckle)

M A M J

Month
J A S O N

Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs

-

-

-

+
-

+
+
+
-

+
-

+
+
-

-

-

Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs

-

+
-

+
+
-

+
+

+
+

-

+
-

-

-

Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs

-

+
+

-

+
+
+
+

+

+

-

-

-

Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs

-

-

-

+
+
+

+
-

-

-

-

-

-

-

-

+
-

+
+

+
-

-

-

-

-

+
+
-

+
-

+
-

+
+

+
-

+
+

-

+
-

-

-

+
-

+
-

+
+

+
-

+
+

+
-

-

Lonicera X ‘Dropmore Scarlet’
(Honeysuckle)
Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs
Passiflora ‘Byron’s Beauty’
(Passion Vine)
Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs
Passiflora vitifolia
(Passion Vine)
Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs
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Table 2. Continued

Species
Wisteria frutescens
(American Wisteria)

M A M J
Aphids
Mites
Lady Beetles
Lacewings
Assassin Bugs
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+
-

+

+
+

Month
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+
+
+
-

+
-

-

-
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Irrigating Landscape Plants with Recycled Water
Norman Grose, Laurie Fox, Bonnie Appleton,
and Stephen Donohue
Virginia Polytechnic Institute and State University
Hampton Roads AREC, Virginia Beach, VA 23455
Index Words: Non-potable, Reclaimed, Salt Tolerance, Sewage Effluent,
Wastewater, Water Quality, Water Management
Nature of Work: Population growth and industrial development have
stretched water supplies to their limit in many parts of the world. Methods
must be developed to better utilize and conserve this finite essential
resource. One of the most promising alternatives is the use of recycled
water for irrigation. In arid regions of the world such as the Middle East,
Australia, and California and the Southwest in the U.S., it is already
being practiced. The objectives of this research were to evaluate the
recycled water produced by the Hampton Roads Sanitation District
Virginia Initiative Plant as an irrigation source for landscape plants, and
to identify any adverse effects that recycled water might have on landscape plants common in the Hampton Roads, Virginia area.
Water quality is the most important factor to consider when deciding
whether a recycled water source is a viable irrigation option. Recycled
water is the liquid waste collected in sanitary sewers and treated by
municipal wastewater treatment plants (1). Salt concentration, mainly
from sodium, chloride and bicarbonate ions, must be carefully monitored.
The treated effluent of many sanitation plants has salt concentrations too
high for irrigation use without further treatment or dilution. In addition to
salt ion concentrations, levels of boron and heavy metals (important
when irrigating edibles) must be monitored, and the waste treatment
process must kill all possible plant or animal pathogens. A good method
for determining water suitability for irrigation is testing for electrical
conductivity. The electrical conductivity of water is directly related to its
salt ion concentration. An electrical conductivity of less than 750 mmhos
cm-1 is safe for most landscape plants (2).
Other factors besides water quality should be analyzed before using
recycled water for irrigation. Salt tolerances vary among landscape plant
species. Some plants tolerate very high salt levels while others are
sensitive to low salt levels. Soil type also influences the severity of salt
damage, especially over the long term. Clay soils and soils high in
organic matter exhibit quicker and higher levels of sodium buildup than
sandy soils (3). Higher sodium and bicarbonate ion levels can displace
calcium and magnesium ions and destroy soil structure. The type of
453

SNA RESEARCH CONFERENCE - VOL. 47 - 2002
irrigation system is another factor that influences the severity of salt
damage. Overhead irrigation systems produce more salt damage than
drip systems because the saline water coats the foliage. Finally, regional
climate can influence the severity of salt damage. Regions with moderate
temperatures and adequate rainfall that leaches salts through the soil
have fewer problems than regions that experience high temperatures
and drought or low precipitation.
During March 2000, six 16’¥16’¥12’ raised beds were constructed in the
courtyard of the Hampton Roads Sanitation District (HRSD) Virginia
Initiative Plant in Norfolk, VA. Each bed was filled with a sandy loam soil
and planted with identical landscape plants chosen for their different salt
tolerances and for frequency of use in local landscapes. Two inches of
mulch was applied following planting. Hunter SRS-12 pop-up nozzles
were installed in each bed corner and set for 90 degree overlapping
patterns. Three beds were connected to the City of Norfolk potable
waterline and three beds to the HRSD recycled (non-potable) waterline.
Plots were irrigated twice per week beginning in early May for a total of
1” of water per week (Virginia’s landscape standard). Plants were visually
rated once a month May through October for aesthetic quality using a
scale of 1=dead to 5=no injury. Soil tests and water analysis were
conducted each month at the same time as the visual ratings. The study
was a randomized complete block design with two treatments (potable
and recycled water) and three replications per treatment. Data were
analyzed using Repeated Measures Analysis of Variance. At the end of
2000, all plants were removed. In Spring of 2001, the beds were
amended with compost and planted with a new group of landscape
plants. The study was repeated using the same parameters as described
for 2000.
Plants used: Annuals: begonia (Begonia semperflorens), dianthus
(Dianthus chinensis), geranium (Pelargonium hortulanum), petunia#
(Petunia x hybrida), vinca* (Catharanthus roseus ‘Pink Cooler’), marigold
(Tagetes erecta ‘Antiqua Yellow’), dusty miller (Senecio cineraria).
Perennials: coneflower (Echinacea purpurea ‘Magnus’), dwarf daylily
(Hemerocallis ‘Stella de Oro’), variegated liriope (Liriope muscari
‘Variegata’), black-eyed Susan (Rudbeckia fulgida var. sullivantii
‘Goldsturm’), sage (Salvia nemorosa ‘May Night’), stonecrop (Sedum x
‘Autumn Joy’), verbena (Verbena canadensis ‘Homestead Purple’).
Shrubs: abelia# (Abelia x ‘Edward Goucher’), arborvitae# (Thuja
occidentalis ‘Emerald’), barberry# (Berberis thunbergii ‘Crimson Pygmy’),
butterfly bush (Buddleia davidii ‘Nanho Blue’), boxwood* (Buxus
sempervirens ‘Suffruticosa), boxwood# (Buxus microphylla ‘Winter454
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green’), cotoneaster# (Cotoneaster dammeri ‘Coral Beauty’), red twig
dogwood# (Cornus sericea), forsythia# (Forsythia x intermedia ‘Spring
Glory’), gardenia (Gardenia jasminoides ‘Chuck Hayes’), hypericum#
(Hypericum patulum ‘Hidcote’), juniper (Juniperus chinensis var. sargentii
‘Viridis’), dwarf nandina (Nandina domestica ‘Firepower’*, ‘Harbor
Dwarf’#), mugo pine (Pinus mugo), cherrylaurel (Prunus laurocerasus
‘Otto Luyken’), azalea (Rhododendron x ‘Delaware Valley White’),
Japanese spiraea (Spiraea japonica ‘Neon Flash’), dwarf viburnum
(Viburnum tinus ‘Compactum’).
Trees: crab apple# (Malus sp.), red maple (Acer rubrum), river birch
(Betula nigra), Eastern redbud (Cercis canadensis), crape myrtle
(Lagerstroemia x ‘Natchez’). (* 2000 only; # 2001 only)
Results and Discussion: In the 2000 study, Duncan’s Mean Separation
test (P<0.05) showed significant main effects for irrigation treatment,
month, and species. Injury from recycled water was most severe on
coneflower, cherrylaurel, azalea and red maple. Observed injury symptoms included marginal leaf burn, chlorosis, browning, and defoliation.
No salt residues on plants were observed. Many of the species in the
2000 study exhibited little or no injury from the recycled water. Plants that
were damaged were most affected during the hottest and driest parts of
the summer. Recycled water samples had significantly higher levels of
sodium and chloride ions than potable water samples. Soil tests showed
sodium and bicarbonate buildup in the beds irrigated with recycled water.
In the 2001 study, Duncan’s Mean Separation test (P<0.05) showed
significant main effects for irrigation treatment, month, and species above
the levels found in 2000. Most of the species used in 2001 were injured
by recycled water (Fig. 1). Observed injury symptoms included the same
foliar problems seen in 2000 but also included stunting for many species,
and in some instances death. Injury symptoms were more severe and
occurred earlier in the season than in the 2000 trial. One possible
explanation is longer intervals between significant rains early in summer
2001 than in summer 2000. Water samples again showed higher sodium
and chloride levels in the recycled water than in the potable water. Figure
2 shows the electrical conductivity difference between the potable and
non-potable water samples for 2001. Sodium and bicarbonate buildup in
the soil of the beds treated with recycled water were moderately higher
than what was found in 2000.
This two-year study determined that the recycled water from the Virginia
Initiative Plant (VIP) is of a quality unsuitable for overhead irrigation of
landscape plants. Though VIP is a very modern sewage treatment
facility, the water coming into the system is so saline that it is beyond this
455

SNA RESEARCH CONFERENCE - VOL. 47 - 2002
facility’s capacity to improve to a level acceptable for overhead irrigation.
However, with further treatment or dilution, VIP’s recycled water could
become an irrigation source. A tertiary reverse osmosis treatment or
dilution with fresh water could improve water quality for irrigation use.
Recycled water from this facility may be more suitable for drip irrigation.
Plants in this study were probably damaged most severely from overhead irrigation coating the leaves with salts, burning the foliage. The
increased levels of soil sodium and bicarbonate may have also contributed to the injury. Further study comparing drip and overhead irrigation
could determine the importance of irrigation type when using recycled
water.
Significance to Industry: Recycled water use is environmentally and
economically wise for landscape plant irrigation. In many parts of the
world it is already necessitated by population, industrial, and recreational
growth, straining current fresh water resources beyond their limit. However, as shown in this study, it is essential that water quality be above a
certain minimum to prevent serious aesthetic and health injury to plants.
Currently, there is no Federal water quality standard. Regulations vary
from state to state and sometimes from city to city. The landscape
industry should be aware of the potential benefits and dangers of using
recycled water for irrigation purposes. More research is needed to
develop use parameters for short and long-term irrigation of landscapes
with recycled water. Detailed guidelines should be developed to determine whether recycled water from a particular sanitation plant is a
potential landscape irrigation source.
Literature Cited:
1. Pettygrove, G., and T. Asano. 1985. Irrigation with Reclaimed Municipal Wastewater – A Guidance Manual. Lewis Publishers, Chelsea,
MI.
2. Berndt, W.L. 1995. ‘Quality’ water for your plants. Landscape Management. 34(10):21-24.
3. Matheny, N., and J.R. Clark. 1998. Managing landscapes using
recycled water. In The Landscape Below Ground II. Neely, D., and
G. Watson, eds. International Society of Arboriculture, Champaign,
IL. 265pp.
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Figure 1. Mean plant ratings of potable and non-potable watter for three
species, June through Octover, 2001

Figure 2. Electrical conductivity of potable and non-potable water, June
through Octover, 2001
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Root-zone Temperature Influences Root Growth of
Mountain Laurel and Japanese Holly
Amy N. Wright, Stuart L. Warren, and Frank A. Blazich
Department of Horticultural Science
North Carolina State University, Raleigh, NC 27695-7609
Index words: Transplanting, Woody Ornamental, Kalmia latifolia, Ilex
crenata
Nature of Work: Mountain laurel (Kalmia latifolia L.) is an ornamental,
evergreen shrub native to the eastern United States. The species often
grows in full sun in the northeastern United States and in the mountains
of the Southeast, while frequently requiring shade in the warmer regions
of the southeastern United States. Although its natural habitat extends
from Maine to Florida, it frequently does not survive transplanting from
containers into the landscape (Jaynes, 1997).
Successful establishment of transplanted woody ornamentals depends
on many factors. Soil temperature influences root growth and development, and in the case of transplanted southern highbush and rabbiteye
blueberries (Vaccinium corymbosum L. and V. ashei Reade, respectively), root-zone temperature influenced root growth more than irrigation
or incorporation of organic matter into the soil (Spiers, 1995). Comparison of the effects of root-zone temperature on root growth of mountain
laurel and Japanese holly (Ilex crenata Thunb.), a species which transplants readily into the landscape, may indicate their comparative tolerances to a range of root-zone temperatures. The objective of this
research was to compare the effect of root-zone temperature on root
growth of mountain laurel and Japanese holly.
Root-zone temperatures of 16, 24, or 32C (61, 75, or 90F) were produced by three large [200 L (211 qt)] continuous flow hydroponic units
that allowed regulation of solution temperature. Hydroponic nutrient
solution (Table 1; hereafter referred to as nutrient solution) was replaced
weekly, and pH of the nutrient solution was maintained at 4.0. Seedlings
of mountain laurel or micropropagated liners of ‘Sarah’ mountain laurel
(Briggs Nursery, Inc., Olympic, WA) and rooted stem cuttings of
‘Compcata’ holly were placed in the hydroponic units and grown for 12
weeks. Hydroponic units were located in controlled environment chambers at the Southeastern Plant Environment Laboratory (Phytotron) at
North Carolina State University, Raleigh. Plants were grown under long
day conditions (night interruption from 11 p.m. to 2 a.m.) and 9 hr days/
15 hr nights of 26/22C (79/72F). During the 9 hr high irradiance light
period, cool-white fluorescent and incandescent lamps provided a
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photosynthetic photon flux PPF of 700 mmol∑m-2∑s-1 and photomorphogenic radiation (PR) of 12 W∑m-2. Night interruption provided a PPF of
70 mmol∑m-2∑s-1 and a PR of 11 W∑m-2. Atmospheric CO2 concentration was maintained at 400 mL∑L-1. Experiment was conducted twice,
once beginning in October 2000 and once beginning March 2001.
At harvest (12 weeks after experiment initiation), root length and root
area were measured utilizing a Monochrome AgVision System 286
Image Analyzer (Decagon Devices, Inc., Pullman, WA), and leaf area
was measured using a LI-COR 3000 leaf area meter (LI-COR, Lincoln,
NB). All tissue was dried at 70C (160F) for at least 72 h, and dry weights
(DWs) of leaves, stems, and roots were recorded. At the beginning of
each experiment, six additional plants of each taxa were destructively
harvested to determine initial shoot DW, leaf area, root DW, root length,
and root area for each experiment. At final harvest, percentage increases in shoot DW, leaf area, root DW, root length, and root area since
the start of the experiment were calculated in both experiments using the
formula [(final - initial) ÷ initial] x 100.
Experimental design was a split-plot design with plant taxa assigned in a
randomized complete block design within each temperature. There were
six single plant replications per taxa per temperature per experiment. All
data were analyzed using a general linear models procedure, and means
were separated using PDIFF procedure (P=0.05; SAS Institute, Inc.,
1988).
Results and Discussion: Growth results were similar for root DW, root
length, and root area, therefore data are presented for root area as
representative. Percentage increases in root DW, root length, and root
area were highest at 16C (61F) for mountain laurel and 24C (75F) for
‘Compacta’ holly (Fig. 1). Growth results were similar for shoot DW and
leaf area, therefore data are presented for leaf area as representative.
Percentage increases in shoot DW and leaf area were similar for all rootzone temperatures for mountain laurel and were higher at 24C (75F)
than 16C (61F) for ‘Compacta’ holly (Fig. 2). Plants of ‘Compacta’ holly
were most attractive visually at 24C (75F), whereas plants of mountain
laurel had the best visual appearance at 16C (61F) (visual observations).
Neither taxa performed well at 32C (90F) (visual observations). Results
of our experiment are similar to results reported for pittosporum
(Pittosporum tobira Thunb.) in which less root and shoot growth occurred
at 40C (104F) compared to 27C (81F) (Johnson and Ingram, 1984). The
similarity of shoot growth of mountain laurel across root temperatures
suggests that landscape performance of this species is related primarily
to root growth.
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Significance to Industry: Inhibition of root growth in mountain laurel by
high root-zone temperatures may explain in part the poor landscape
performance of this species. In contrast, the tolerance of ‘Compacta’
holly to a wider range of root-zone temperatures illustrates its ability to
survive stressful landscape situations. Because root growth has been
linked to landscape establishment by other authors, results herein
suggest the need for mulch and/or shade when transplanting mountain
laurel, particularly in areas with high soil temperatures. Improving
transplant survival could encourage increased production by the nursery
industry as well as improve appreciation of this attractive native species.
Literature Cited:
1. Jaynes, R.A. 1997. Kalmia: Mountain Laurel and Related Species.
Timber Press, Inc., Portland, OR.
2. Johnson, C.R. and D.L. Ingram. 1984. Pittosporum tobira response
to container medium temperature. HortScience 19:524-525.
3. SAS Inst., Inc. 1988. SAS/STAT User’s Guide: Release 6.03
Edition. SAS Inst., Inc., Cary, NC.
4. Spiers, J.M. 1995. Substrate temperatures influence root and shoot
growth of southern highbush and rabbiteye blueberries. HortScience
30:1029-1030.
Table 1. Chemical source and concentration of nutrients in hydroponic
nutrient solution.
Nutrient
NO3
NH4
P
K
Ca
Mg
Fe
Mn
Cu
Zn
B

Chemical Source
CaNO3
(NH4)2SO4
KH2PO4
KH2PO4, K2SO4
CaNO3
MgSO4
Fe chelate (10%)
MnCl2
CuSO4·5H2O
ZnSO4·H2O
H3BO3
460

Concentration
(mg•L-1)
31
18
16
40
10
12
1.0
0.32
0.09
0.30
0.21

Concentration
(mg•L-1)
0.5
1.0
0.5
1.0
0.25
0.5
0.02
0.006
0.01
0.005
0.02

Fig. 1. Influence of root-zone temperature on percentage increases in (A) root area and (B) leaf area of mountain laurel
and ‘Compacta’ holly. Percentage increase = [(final – initial) ∏ initial] x 100. Values represent the mean of 12 observations and are averaged over experiment. Lowercase letters denote mean separation among temperatures within taxa
(P<0.05).
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Water Relations of Pine-Bark Substrate
After Embedding in Field Soil
Anne-Marie Hanson and Roger Harris
Virginia Polytechnic Institute and State University
Department of Horticulture
Blacksburg, VA 24061
Naraine Persaud
Virginia Polytechnic and State University
Department of Crop and Soil Environmental Science
Blacksburg, VA 24061
Index Words: Transplanting, Containers, Theta Probe, TDR
Nature of Work: Newly transplanted container-grown landscape plants
are reported to require very frequent irrigation as actively growing plants
rapidly withdraw water from a reservoir essentially limited to the original
root ball. Nurseries in the U.S. commonly use a container substrate that
is mostly bark, but the contribution of bark-based substrate to water
relations of transplanted root balls is unknown. Other studies with non
bark-based substrates have shown that container removal results in a
drier root ball at transplanting (3, 5, 6), but apparently no studies have
concentrated on the availability of water within a transplanted barkbased substrate. Tensiometers, used to monitor water relations in the
non bark-based substrates above would be problematic at the drier
range within coarse substrates, such as the pine-bark substrates used in
the present study (7). Time domain reflectometry (TDR) has been
successfully used to measure the full moisture range of pine-bark
substrates (1, 4). A field experiment was therefore undertaken to
determine the water relations of embedded pine-bark substrate (container removed), using TDR technology. Silt loam soil was tilled and 10
replications of 7.5-L (#2) and 21.9-L (#7) containers were randomly
arranged and inserted into augured holes as a substrate template on 16
August 2001. After gently packing soil around the sidewalls, containers
were then removed and substrate was placed into the holes. Substrate
consisted of (by volume) 85% pine bark, 10% sphagnum peat, and 5%
perlite. Five cm (2 in) of water was applied with overhead sprinklers the
next day. Irrigation was withheld thereafter, but a 2.6-cm (1-in) rain was
recorded on the night of 23/24 August. The fraction of substrate or soil
volume that is water (total volumetric water, TVW) was taken periodically
with a TDR probe (Theta Meter, Type HH1, Dynamax, Inc., Houston) at
the 1) top of the embedded root balls, 2) top of adjacent soil, 3) the
middle of the rootball, and 4) the corresponding depth in adjacent soil.
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Middle-of-substrate or soil measurements were taken through PVC
access tubes, installed to the appropriate depth. The TDR probe
integrates TVW for a 6-cm (2.5-in) depth from the point of insertion.
Measurements were taken periodically through 7 September 2001. TDR
readings were calibrated for substrate. Samples of substrate and soil
were analyzed with pressure plates pressurized to 1.5 MPa for two
weeks to reveal the fraction of substrate and soil volume that is plantunavailable water (plant unavailable volumetric water, PUVW). Data
were analyzed with repeated measures analysis of variance within the
GLM procedure of SAS.
Results and Discussion: For TDR measurements, repeated measures
analysis of variance revealed that there was an overall time effect
(P<0.0001), a time*container size effect (P<0.0001), a time*depth of
measurement effect (P<0.0001) and a time*container size*depth of
measurement effect (P<0.0001). Data were therefore graphed to reveal
patterns of change in TVW at two depths over time for embedded
substrate and surrounding soil (Figs. 1A and 2A). Pressure plate
measurements revealed PUVW to be 0.34 and 0.06 for the pine- bark
substrate and soil, respectively. PUVW was subtracted from TVW
measurements in Figures 1A to 2A to show the fraction of substrate or
soil volume that is plant-available water (plant-available volumetric
water, PAVW) (Figs.1B and 2B).
Top sections of substrate quickly dried to below zero PAVW. The #7 size
maintained higher PAVW in middle sections than the #2 container size
and PAVW was always higher in the adjacent soil than in the embedded
substrate. Overall, very little PAVW is held by embedded pine-bark
substrate, suggesting the need for container substrates with greater
water retention in transplanted root balls.
A high plant-unavailable water fraction in pine bark has been demonstrated by others (2, 4). da Silva et al. (4) explained that much of the
water in pine-bark substrate is tightly bound to organic compounds,
mineral crystals, or embedded in occluded pores. Our data indicate that
once embedded, pine-bark substrate retains very little plant-available
water in the top and middle layers, even immediately after irrigation, and
that embedded substrate from larger containers retain more water over
a dry-down than from smaller containers. Transpiring plants will reduce
the already low available water very quickly until roots grow into the
backfill-soil. Actual water withdrawal rate will vary according to species,
size and growth rate. Rapid root growth beyond the original container
root ball is therefore critical, especially if irrigation or rainfall is negligible.
As noted by Day and Skoupy (5) for container-grown forest seedlings,
retention of water within root balls after transplanting will likely increase
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post-transplant survival. Pro-active irrigation, directly on root balls is
imperative until roots grow into surrounding soil.
Significance to Industry: Pine-bark container substrates have a high
fraction of water held within rootballs that is unavailable to plants.
Rootballs get very dry quickly upon transplanting into free draining
backfill, especially the upper zones. Substrates that work well during
container production, but hold more plant-available water upon transplanting will aid plant establishment.
Literature Cited:
1. Anisko, T., D. S. NeSmith and O. M. Lindstrom. 1994. Time-domain
reflectometry for measuring water content of organic growing media
in containers. HortScience 29:1511-1513.
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3. Costello, L. and J. L. Paul. 1975. Moisture relations in transplanted
container plants. HortScience 10:371-372.
4. da Silva, F. F., R. Wallach, A. Polak and Y. Chen. 1998. Measuring
water content of soil substitutes with time-domain reflectometry. J.
Amer. Soc. Hort. Sci. 123:734-737.
5. Day, R. J. and J. Skoupy. 1971. Moisture storage capacity and
postplanting patterns of moisture movement from seedling containers. Can. J. For. Res. 1:151-158.
6. Nelms, L. R. and L. A. Spomer. 1983. Water retention of container
soils transplanted into ground beds. HortScience 18:863-866.
7. Pearcy, R. W., J. Ehleringer, H. A. Mooney and P. W. Rundel. 1991.
Plant physiological ecology: field methods and instrumentation.
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Fig. 1. Fraction of substrate and soil volume that is water (total volumetric water, TVW) at surface and middle of embedded 7.5-L (#2) pine-bark
substrate and at corresponding depths of adjacent soil (A) and fraction of
substrate and soil volume that is plant-available water (plant-available
volumetric water, PAVW) at the same locations (B). Bars represent SE
mean. n = 10.
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Fig. 2. Fraction of substrate and soil volume that is water (total volumetric water, TVW) at surface and middle of embedded 21.9-L (#7) pinebark substrate and at corresponding depths of adjacent soil (A) and
fraction of substrate and soil volume that is plant-available water (plantavailable volumetric water, PAVW) at the same locations (B). Bars
represent SE mean. n = 10.
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Effects of Transplant Season and Container Size on
Transplant Establishment of Mountain Laurel
Anne-Marie Hanson, Roger Harris,
Robert Wright, and Alex Niemiera
Virginia Polytechnic Institute and State University,
Department of Horticulture
Blacksburg, VA 24061
Index Words: Kalmia latifolia, Root Growth, Visual Rating
Nature of Work: The ability to withstand drought once established and
the beautiful flower colors available in tissue-cultured liners make mountain laurel (Kalmia latifolia) a very attractive nursery crop with tremendous customer appeal, but landscape establishment is very difficult. We
therefore tested the effect of container size and season of planting on
first-year establishment of container-grown plants.
7.6 liter (#2) and 19 liter (#5) containers of Kalmia latifolia . ‘Olympic
Wedding’ were obtained from Historyland Nursery in Warsaw, VA.
Twelve of each size were transplanted into silt loam soil on 6 October
2000, at the Virginia Tech Urban Horticulture Center in Blacksburg, VA
(U.S. Dept. of Agriculture zone 6a). Twelve of each size were held in an
unheated greenhouse structure covered with 6 mil white polyethylene
until planting on 30 May 2001. The bed was tilled prior to planting, and
native soil was used as backfill. Plants were transplanted into 2 rows, 1
m (3 ft) between plants and rows. This was a completely random
experimental design and consisted of four treatments with 12 replications: (1) fall transplanted, 7.6-L (FS); (2) fall transplanted, 19-L (FL); (3)
spring transplanted, 7.6-L (SS); (4) spring transplanted, 19-L (SL). The
bed, including tops of rootballs, was mulched with a 5-cm (2-in) thick
layer of coarse hardwood mulch. Plants were hand-irrigated approximately every three days the first three weeks after transplanting and
irrigated once a week starting in the spring with individual micro-emitters
until mid-July, when all irrigation was withheld. Beginning and ending
canopy volume for each plant was calculated as the product of the height
and width in two directions (in row and perpendicular).
On 30 May 2001, all plants in the bed were fertilized with a slow-release
fertilizer (18N-2.6P-9.9K, Osmocote, The Scotts Co., Maryville, Ohio).
FS and SS plants received 29 grams each and the FL and SL plants
received 81grams each. Leaf water potential (() was measured with a
Scholander pressure chamber (Soil Moisture Equipment Corporation,
Santa Barbara, Calif.) for three, 12-hour periods, spaced a week apart,
during the beginning of September 2001. For a 12-hour period, plants
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were measured at 2-hour intervals, from 700 to 1900 hours. Leaves
from the southwest facing side of the plant, midway in the plant canopy
height, were cut at the base of the petiole with a razor blade. Three
plants from each treatment were randomly selected for each date and
there were two subsamples per replication.
On 6 November 2001, all plants were rated with a visual rating index
(VRI), consisting of leaf color, proportion of leaf spot, and fullness of
canopy. For the VRI, each of the three categories consisted of a scale
from 1- 5, with 1 representing a plant that is chlorotic, has a high proportion of leaf spot, and has a sparse canopy, respectively. A 5 represents a
plant that has dark green leaves, a low incidence of leaf spot and a full
canopy. Four observers rated each plant for the three categories. A
composite VRI for each plant was calculated to be the mean of the VRI
for each of the three categories and averaged over the four observations.
Data were subjected to analysis of variance with the GLM procedure of
SAS (SAS, version 8.02, SAS Institute, Cary, NC). Xylem potential data
for 8 September was graphed to illustrate treatment differences.
Results and Discussion: Leaf Xylem Potential: There were no differences in mean leaf xylem potential between seasons or sizes measured
on 25 August and 2 September (Table 1). On 8 September, #5 plants
had a lower potential (more negative), indicating more tissue stress
(Table 1, Fig. 1). Over the 12-hour measurement period (Fig. 1), differences in tissue stress became apparent, with #5 plants having a lower (
than #2 plants, indicating more tissue stress for the #5 plants.
Canopy Growth: There were no differences in canopy growth from May
2001 to November 2001 between sizes or seasons (data not shown). In
an exposure study on mountain laurel, smaller plants had more shoot
growth than #5 plants for a two-year period (10). For trees, Lauderdale
et al. (7) found that smaller Acer rubrum L. produced four times the shoot
elongation and established faster than larger specimens. Also, Watson
(9) hypothesized that smaller trees had the ability to surpass larger trees
in size when planted at the same time, although Struve et al. (8) did not
find this to always be true.
Visual Rating Index: At the end of the first growing season, #5 plants
had the highest visual rating index, with a fuller canopy, darker leaves,
and less occurrence of leaf spot than #2 plants (Table 2). No differences
were detected between seasons. Visual rating of container-grown
mountain laurel in the piedmont region of North Carolina, a hotter climate
compared to the cooler mountains of southwestern Virginia where our
study was done, showed that #2 plants looked better than #5 plants after
two growing seasons (10).
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Conclusions: Although #5 plants had more tissue stress than #2 plants,
the stress did not translate into a lower visual rating. In fact, the #5 plants
had the best ratings, and customers may be more satisfied with the
better looking plants. However, upon excavation very few roots of any
treatment extended into the backfill. In a simultaneous experiment where
#5 mountain laurel were grown in root observation chambers, all transplants grew roots into the pine-bark backfill and fall transplants had
longer root extension than spring transplants, suggesting that falltransplanted mountain laurel in field soil has the potential for faster firstseason establishment compared to spring transplants. Backfill composition possibly played a role, since pinebark was used both as a container
substrate and for backfill in the rhizotron experiment but native soil was
used for backfill in the field experiment. Ingram and van de Werken (5)
found that Ilex crenata ‘Green Luster’ roots grew just along the rootballsoil interface in unamended field soil, but roots grew into amended
backfill. Corley (2), however, found that amending the backfill around
four woody nursery crops did affect root growth. Similar results were
found with Liquidambar styraciflua transplanted into combinations of soil
amendments (3). Kalmia latifolia ‘Ostbo Red’ showed variable, but not
different, growth when transplanted into combinations of pinebark and
peat amendments (1) and Hummel et al. (4) did not see any improvement in root or shoot growth in response to soil amendments for three
mountain laurel cultivars. Second growing season data will prove useful
in clearly determining when mountain laurel should be transplanted and
what size establishes better in this area. Climate-specific recommendations might be necessary for mountain laurel cultivars.
Significance to Industry: Container-grown mountain laurels are difficult
to establishment because roots do not readily grow into the backfill-soil.
Fall transplanting may speed establishment compared to traditional
spring transplanting. Five-gallon plants had higher visual ratings than
two-gallon plants at the end of the first post-transplant growing season in
the mountains of Southwest Virginia, even though there was evidence
that five-gallon plants were more stressed. In hotter climates, the
increased stress may result in lower visual ratings.
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Table 1. Effects of transplant season and container size on daily mean
leaf xylem potential of mountain laurel.
Container
size (L) Season
7.6
7.6

Fall
Spring

Leaf xylem potential (MPa)
25 Aug.
2 Sept.
8 Sept.
-0.68 (0.06)z
-0.60 (0.05) -0.86 (0.07)
-0.76 (0.06)
-0.73 (0.19) -0.79 (0.06)

19
19

Fall
Spring

-0.77 (0.05)
-0.76 (0.06)

-0.58 (0.05)
-0.63 (0.05)

0.5419
0.4645
0.4544

P>F
0.3811
0.5680
0.7071

Season
Size
Season*Size

-1.01 (0.07)
-1.05 (0.07)

0.8532
0.0027
0.4306

Leaf xylem potential (MPa)

z Numbers in parentheses = SE mean. n=3 with 2 subsamples per
replication.

Figure 1. The leaf xylem potential (Ψ) on 8 September of mountain
laurel. Each point represents a mean of three randomly selected plants
per treatment, and 2 subsamples per plant. Bars = SE mean.
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Table 2. Effects of transplant season and container size on the visual
index rating at harvest (fall 2001) of mountain laurel
Container
size (L)
7.6
7.6
19
19

Season
Fall
Spring
Fall
Spring

Visual index ratingz
2.95 (0.170)
3.21 (0.149)
3.92 (0.092)
3.76 (0.170)
P>F
0.7183
<0.0001
0.1617

Season
Size
Season*Size

z Numbers in parentheses = SE mean. n=11.
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Development of a Site Characteristics Matrix
for Roadside Vegetation Design
Susan Barton, Rick Darke, and Gary Schwetz
Department of Plant and Soil Sciences, Townsend Hall
University of Delaware, Newark, DE 19717-1303
Rick Darke Consulting
526 Chambers Rock Rd., Landenberg, PA 19350
Delaware Center for Horticulture
1810 N. DuPont St., Wilmington, DE 19806
Index words: Roadside, Right-of-way, Design, Site Evaluation
Nature of Work: Enhancing Delaware Highways is a project investigating vegetation models conceived to restore Delaware’s roadside landscapes to a more natural state reflecting the regional flora. Cooperators,
The University of Delaware, Delaware Center for Horticulture and Rick
Darke Consulting have developed a Concept and Design Manual for use
by the Delaware Department of Transportation and their consultants.
The Site Characteristics Matrix, one component of the design manual,
uses weighted values to guide in the selection of an appropriate design
approach for a roadside site.
Results and Discussion: The landscape design process for the roadside environment as outlined in the proposed Delaware Department of
Transportation Roadside Concept and Design Manual, begins with a
thorough inventory and assessment of the site and guides the selection
of an appropriate design approach. Three possible design approaches
are outlined in the manual—the regional approach, the regional –ornamental approach and the fully ornamental approach. The regional
approach is restricted to Delaware native species, includes a minimum
level of intervention and is appropriate for large-scale sites where cultural
conditions are suitable for native species. The regional-ornamental
approach includes North American native species that reflect the character of Delaware’s native flora in addition to Delaware native species.
Intervention is moderate and the approach is suitable for medium scale
sites with higher budgets and visibility. In the fully ornamental approach,
plant selection is unrestricted. This approach is appropriate for smallscale sites where the desire for a neat, highly ornamental appearance
exceeds the capacity of the native and regional flora.
The manual includes three forms for recording information collected
during the site inventory and subsequent investigation. The first form is a
checklist of physical limitations of the site. The second is a checklist of
climatic and cultural conditions, and the third is a matrix of other site
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characteristics. A site’s public exposure, community interest, natural
and historic aspects, and available budget are determining factors in
design approach selection. The “Site Characteristics Matrix” is used to
record this information both in the field and through additional site
research. To fill out the matrix, values must be assigned based upon
multiple criteria as defined in the following paragraphs.
Traffic exposure is a measure of the relative number of cars that pass a
site and is assigned a value of 2 if high, 1 if medium and 0 if low.
Gateway component is a measure of the site’s relative importance as a
gateway or prominent entrance to a community, town or city. Gateway
sites are assigned a value of 4 and non-gateway sites are assigned a
value of 0.
Tourism value is a measure of the prominence of the site with regard to
tourist traffic. Sites with a high likelihood of making a strong impression
on travelers on their way to tourist destinations in Delaware are assigned
a value of 2. Sites with a moderate likelihood are assigned a value of 1
and sites with low likelihood are assigned a value of 0.
Intersection component is a measure of the site’s positioning at a regulated intersection, since drivers who stop are more likely to notice
conditions at such sites. Sites at intersections are assigned a value of 4.
Those not at intersections are assigned a value of 0.
Visibility is a measure of how clear the lines of sight are from the roadway. Sites easily seen from the road, especially from longer distances
are assigned a value of 1. Sites that are obscured from view by incidental features such as signs, poles or topography are assigned a value of 0.
Community involvement is a measure of a neighboring community’s
interest in landscape enhancement and its willingness to accept some
ongoing responsible for its planting and maintenance. If both are
present, community involvement is assigned a value of 2 (high). If the
community is interested but not willing to accept some responsibility, a
value of 1 is assigned. If the community is not involved or there is no
associated community the value is 0.
Size is assigned a value of 4 for small sites (< 10,000 sq. ft.); 2 for
medium sites (10,000 – 100,000 sq. ft); and 0 for large sites (>100,000
sq. ft).
Existing Delaware native vegetation on site is a measure of the relative
presence of desirable native species occurring naturally on the site. This
might consist of native trees, shrubs, grasses or forbs with ornamental
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value. If these are present in significant quantity and quality a value of
0 (high) is assigned. If the quantity and quality is medium, a value of 1 is
assigned. If it is low, a value of 2 is assigned.
Existing Delaware native vegetation adjacent to site is a measure of the
relative presence of desirable native species occurring naturally adjacent
to the site. This might consist of native trees, shrubs, grasses or forbs
with ornamental value. If these are present in significant quantity and
quality a value of 0 (high) is assigned. If the quantity and quality is
medium, a value of 1 is assigned. If it is low, a value of 2 is assigned.
Historic value is a measure of a site’s significance to Delaware history. If
significance is high, a value of 2 (yes) is assigned. If insignificant, a
value of 0 (no) is assigned.
Available budget is a measure of the relative financial resources available for planting and maintenance of the site. If financial resources are
high, a value of 4 is assigned. If medium, a value of 2 is assigned. If
low, a value of 0 is assigned.
The “Site Characteristics Matrix” tool has been constructed to provide an
objective basis for the selection of one of the three design approaches.
This tool factors in a broad range of characteristics to result in a design
that is context-sensitive. After assigning values based upon site evaluation and subsequent research, the completed matrix is totaled to arrive
at a figure. Various site characteristics have been assigned weighted
values reflecting their importance in approach selection. The chart
below illustrates the possible values that can be assigned to each
characteristic in the matrix.

Characteristic
Traffic exposure
Gateway component
Tourism value
Intersection component
Visibility
Community involvement
Size
Existing DE native vegetation on site
Existing DE nat. veg. adjacent to site
Historic value
Available budget
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Assigned Value
High Medium Low Yes No
2
1
0
4
0
2
1
0
3
0
1
0
2
1
0
0
2
4
0
1
2
0
1
2
2
0
4
2
0
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To tabulate the result from the matrix, carry the assigned value for each
characteristic to the value column. Add the individual values and divide
the total by ten. If the resulting number is: 1)greater than or equal to 2,
choose the fully ornamental approach.; 2) between 1.75 and 1.25,
choose the regional ornamental approach; or 3) less than or equal to 1,
choose the regional approach. Though this calculation is the result of an
objective process there will be some subjectivity involved in cases where
values fall in between the category ranges. By example, if the resulting
number is between 1.75 and 2.0, either fully ornamental or regional
ornamental may be appropriate. If the resulting number is between 1.25
and 1.0, either regional ornamental or regional may be appropriate.
To illustrate this process, an example is outlined below.

Assigned Value
Characteristic
Traffic exposure

High

Medium

Low

No

2
4

4

2
0

Visibility
Community involvement

1

Size
Existing DE native vegetation on site
Existing DE nat. veg. adjacent to site

2
0

0

1
0

2

2
2

2

2

2

Historic value
Available budget

Value
2

Gateway component
Tourism value
Intersection component

Yes

0

0
2

Total

17

2

Example A is exit ramp infield off southbound I95 onto 896 North. Since
a large volume of drivers exiting I95 view the site, the traffic exposure is
rated high (2). This is the most direct southbound exit for the city of
Newark and serves as a gateway in this regard so the gateway is rated
yes (4). This is the most-used exit in Delaware taken by people visiting
the University of Delaware and therefore the tourism rating is high (2).
This is an exit ramp rather than a regulated intersection, so the intersection rating is no (0). There are no obstructions to the view of this site, so
the visibility rating is yes (1). There is no local community associated
with this site so the community involvement rating is low (0). The size is
between 10,000 and 100,000 sq. ft. so the size rating is medium (2). This
site is comprised of mowed cool season turf so the quality of existing
regional vegetation on site is low (2). Also, the quality of existing re476
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gional vegetation adjacent to the site is low (2). There is no significant
historical character to this site so the historic rating is no (0). This site
has been mowed at a relatively high rate of 8-10 times per year so the
available budget is medium (2). The sum of the individual values is 17.
This figure divided by 10 is 1.7 clearly assigning the site to the regional
ornamental design approach.
Significance to Industry: This matrix provides a tool for the Department of Transportation to use when deciding which type of roadside
vegetation to plant in a particular location. It also provides guidance for
landscape consultants hired by the department and provides a mechanism for communicating options to community groups interested in
roadside vegetation options for their community. The matrix provides
objective criteria to help individuals with little landscape design background to make responsible choices for roadside vegetation.
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Ornamental Sweet Potatoes:
Virus Presence, Container Studies and
Landscape Performance
Allen Owings, Ed Bush, Chris Clark
Don LaBonte, Ann Gray, and Robert Trawick
LSU AgCenter, Department of Horticulture
Baton Rouge, LA 70803
Index Words: Ornamental Sweet Potatoes, Virus, Landscape
Performance
Nature of Work: Ornamental sweet potatoes have gained considerable
interest among green industry professionals over the last five to ten
years. The LSU AgCenter has been actively involved in evaluating
ornamental sweet potatoes for landscape performance. In addition,
recent studies at the LSU AgCenter have determined that some cultivars
contain one or more viruses not currently found in food crop sweet
potatoes. These primarily include sweet potato leaf curl virus and C-6
virus. LSU AgCenter efforts have utilized meristem-tip culture procedures
to produce plants apparently free of these viruses from Marguerite,
Blackie, and Tricolor. Virus tested versus contaminated cultivars have
been compared in container studies.
The sweet potato weevil quarantine has also been an issue in some
southern states resulting in regulation of where ornamental sweet potato
cultivars can be grown and transported. 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, Caldwell, 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 weevil 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 weevilfree. 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.
Landscape performance of commercially available ornamental sweet
potatoes has been evaluated in Louisiana (1). More recent studies were
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initiated in 2001 and 2002. Black Beauty, Ace of Spades, Tricolor (Pink
Frost), Marguerite, Blackie, and Summer Frost cultivars were trialed in
2001. Some of these same cultivars, along with virus-tested plants, are
also being evaluated in 2002. Four-inch containers of recently rooted
vines were planted in mid-April 2001 in raised beds located in full sun at
Burden Center in Baton Rouge. Spacing was 3-feet between plants with
ten plants per cultivar. Approximately 1 lb. N/1000 ft2 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 (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.
Results and Discussion: Blackie, Black Beauty, Ace of Spades,
Tricolor, and Marguerite were good landscape performers in 2001. Visual
quality ratings ranged from a year-average of 8.5 for Marguerite to 4.7 for
Summer Frost (Table 1). No significant differences were observed
between the black-foliage cultivars (Blackie, Black Beauty, and Ace of
Spades) in terms of landscape performance. Results seen in 2001 were
similar to results previously reported for 1999 (1).
Initial container studies comparing virus tested and virus contaminated
cultivars showed no difference in visual quality ratings of Blackie and
Marguerite (data not shown). Some reduced shoot numbers were evident
in virus contaminated Blackie and Marguerite and reduced shoot dry
weight occurred with Blackie, but not Marguerite (data not shown).
Significance to the Industry: Ornamental sweet potatoes have considerable potential for commercial and residential use in Louisiana. Continued efforts will hopefully determine the superior black foliaged cultivar.
Work is also progressing to identify and remove viruses from existing and
newly released ornamental sweet potato cultivars. New cultivars are
currently being evaluated by the LSU AgCenter for virus presence and
potential release. The possibility of obtaining vegetative plant material of
virus-tested stock of some cultivars is available by contacting the authors.
Literature Cited:
1. Owings, Allen, Drew Bates, and Stephen Crnko. 2000. Landscape
Performance of Ornamental Sweet Potatoes – 1999. Proc. Southern
Nursery Assoc. Res. Conf. 45:432-434
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6.5

6.5

7.0

4.0

Black Beauty

Ace of Spades

Tricolor

Summer Frost
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8.0

4.5

8.0

7.0

7.0

7.0

June

9.0

5.0

8.5

7.5

7.0

7.0

July

9.0

4.5

8.5

7.5

7.5

8.0

August

9.0

5.0

8.0

8.0

7.5

7.5

September

8.0

5.0

8.0

8.0

8.0

8.0

October

8.5

4.7

8.0

7.4

7.3

7.3

Average

Year

Note: Visual quality ratings are average of two monthly readings and based on a scale from 1-10 (1=worst, 10=best)

8.0

6.5

Blackie

Marguerite

May

Cultivar

Table 1. Visual quality ratings of ornamental sweet potato cultivars during 2001.
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Cultivar Differences in the Relationship Between
Foliar Nitrogen and Petiole Sap Nitrate Concentration
in Catharanthus roseus
James E. Altland, Charles H. Gilliam, Gary J. Keever,
Donna C. Fare, James H. Edwards, and Jeff L. Sibley
Department of Horticulture, Auburn University, Auburn, AL 36849
Index Words: Potted Plant Production, Landscape Crops, Cardy Nitrate
Meter
Nature of Work: Fertilizer applications to greenhouse or landscape
crops should provide sufficient nutrients for plant growth without providing excess that might be lost to runoff or leaching. In most production
and landscape situations, nitrogen (N) is the limiting nutrient for plant
growth. Thus application of fertilizer based on plant N requirement
should result in sufficient N for plant growth and lower levels of N loss.
Accurate fertilizer application based on plant N requires a method for
rapidly measuring plant N status. Previous research has demonstrated
that foliar N (percent of dry weight) (FN) in ‘Pacifica White’ vinca is
directly correlated to sap nitrate levels (ppm) (SN) which can be rapidly
determined in the field with a Cardy nitrate meter (1). Rapid determination of SN can be used to predict FN and thus plant N status. Research
with other methods of plant analysis have demonstrated cultivar differences with respect to sufficiency ranges for N and other nutrients (2).
Therefore the objective of this research was to determine similarities or
differences in the relationship between FN and SN among different
cultivars of annual vinca.

Experiment 1. ‘Pacifica Punch’, ‘Peppermint Cooler’, ‘Raspberry
Cooler’, and ‘Pink Cooler’ vinca (Catharanthus roseus) were potted May
20, 2001, from 48-cell packs into 20.3 cm (8 in) azalea pots with a 3:1
pinebark:peat medium amended per m3 (yd3) with 3.0 kg (5 lb) of dolomitic limestone and 0.9 kg (1.5 lb) of Micromax (Scotts Co., Marysville,
OH) micronutrients. Plants were grown with liquid feed at two of every
three irrigation events using 160 ppm nitrogen (N) from ammonium
nitrate (NH4NO3), and 62 ppm phosphorus (P) and 150 ppm potassium
(K) from potassium phosphate (K2HPO4). On June 16, 2001, treatments
were initiated by fertilizing with 62 ppm P, 150 ppm K, and either 40, 80,
120, or 160 ppm N using salts previously mentioned. Nitrogen treatments were designed to produce plants with an N status ranging from
deficient to excessive. Fertilizer salts were mixed in plastic containers
and applied at a rate of 500 ml (16.7 oz) per container per irrigation
event. Six single plant replicates were destructively harvested 12, 27,
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and 42 days after initial treatment (DAT). Plants were arranged in
completely randomized design with all cultivars and N rates included.
Recently matured foliage was used to measure petiole sap nitrate
concentration determined with a Cardy nitrate meter, and foliar N (percent of dry weight) (FN) determined with a Leco CN 2000 (LECO Corp.,
St. Joseph, MI).

Experiment 2. Experiment 2 was conducted similarly to Experiment 1
with the following exceptions. ‘Pacifica White’, ‘Pacifica Punch’, ‘Peppermint Cooler’, and ‘Raspberry Cooler’ vinca were potted July 17, 2001,
with the first fertilizer treatment applied August 25. Four N rates used
were: 50, 100, 150, and 200 ppm N. Plants were harvested 10, 24, and
38 DAT. Data from both experiments were analyzed with regression.
Results and Discussion: Regression analysis indicated the relationship between FN and SN was consistent, within each cultivar, across
both experiments and all dates, thus data were pooled over time. The
relationship between FN and SN was similar for the following cultivars:
‘Pacifica White’, ‘Peppermint Cooler’, ‘Pacifica Punch, and ‘Raspberry
Cooler’ (Fig. 1); however, the relationship in ‘Pink Cooler’ was different
from the other cultivars (slope of regression line differed).
Published FN sufficiency ranges for annual vinca are 3% to 5% (3).
Using the regression equations determined for each cultivar, sufficiency
ranges for SN readings were calculated (based on FN values of 3% to
5%) (Table 1). Due to the relationship difference for ‘Pink Cooler’, its
calculated SN sufficiency range was also markedly different from the
other cultivars. Nonetheless, the sufficiency range predicted for four of
the five cultivars was similar enough that a single recommendation can
be made in lieu of conducting a thorough analysis of every cultivar. By
pooling data for the four cultivars with similar relationships, a comprehensive equation was generated from which a single sufficiency range was
predicted (1600 to 3300 ppm).
Significance to Industry: Data herein demonstrate the Cardy nitrate
meter can be used to rapidly determine FN levels of annual vinca, and
thus N status. While there are cultivar differences in the relationship
between FN and SN, there is enough similarity that standards for field
measurement can be developed for use by landscape professionals. By
determining the N status, landscape professionals can more accurately
apply fertilizer in response to plant need.
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Table 1. Predicted sufficiency range for sap nitrate (SN) levels based on
sufficiency range of 3% to 5% foliar nitrogen (FN).
Cultivar

Predicted SN sufficiency range

Pacifica Punch
Peppermint Cooler
Raspberry Cooler
Pink Cooler
Pacifica White

1500 to 3200 ppm
1800 to 3700 ppm
1800 to 4800 ppm
3100 to 6700 ppm
1900 to 3600 ppm

Fig. 1. Relationship between foliar N (percent of dry weight) (FN) and sap
nitrate levels (ppm) (SN) in five cultivars of annual vinca.
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Evaluation of 30 Herbaceous Perennial Plants for Low
Maintenance Landscapes in South Carolina
Ellen A. V. Strother1, Samuel A. Cheatham2,
Philip A. Rollins3, and Steven N. Jeffers4
Clemson University:
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Sandhill Research & Education Center, Columbia, SC;
2
Lexington Co. Extension Office, Lexington, SC;
3
Kershaw Co. Extension Office, Camden, SC;
4
Department of Plant Pathology & Physiology, Clemson, SC.
Index Words: Perennials, Armeria, Achillea, Caryopteris, Coreopsis,
Delosperma, Dianthus, Echinacea, Fragaria, Gaillardia, Gaura, Hemerocallis, Hypericum, Iberis, Leucanthemum, Perovskia, Phlox, Rudbeckia,
Salvia, Santolina, Scabiosa, Sedum, Sisyrinchum, Verbena, Veronica
Nature of Work: The popularity of herbaceous perennials as landscape
plants has been sweeping the country. These plants offer color and
diversity to landscapes and require relatively little maintenance if plant
species are matched to an appropriate environment. However, many
plant species and cultivars have not been evaluated for performance
under low-maintenance conditions—including susceptibility to pests and
pathogens. One of the basic principles in any integrated pest management program is the use of pest resistant plants whenever possible (1,2).
Therefore, the objective of this project was to identify species of herbaceous perennial plants that have desirable horticultural qualities and
acceptable levels of pest and pathogen resistance in the warm, humid
climate of Columbia, South Carolina. This region of South Carolina has
some of the harshest growing conditions for plants in the state, including
a wide range of temperature extremes between summer and winter as
well as droughty, sandy soils.
This study was conducted at the Clemson University Sandhill Research
and Education Center in Columbia, SC. Eight replicate beds (4.3 x 3.7
m) were prepared by tilling 5 to 8 cm of mushroom compost and slowrelease fertilizer into an excessively drained sandy soil in Spring 2001.
Thirty species or cultivars of perennial plants, in 24 genera, that were
believed to be pest and pathogen resistant (E.A.V. Strother, personal
experience; SC nursery personnel, personal observation) were selected
(Table 1). Plants were obtained from a wholesale nursery in South
Carolina in 10-cm diameter, 15-cm diameter, or 4-L containers and were
planted in beds on 60-cm centers. One replicate plant of each species or
cultivar was planted in each bed (8 plants per species or cultivar; 240
plants in all) in a randomized complete block design during April and May
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2001. Plants were watered evenly and regularly by drip irrigation, and
weeds were controlled with glyphosate (Roundup) sprays and handpulling. Pine straw mulch was placed on beds around the plants to a
depth of 8 cm to retain moisture and discourage additional weed growth
and development. No other pest management practices were utilized.
Local Master Gardeners, trained by the Clemson University Cooperative
Extension Service, scouted the plants on a biweekly basis from June
through September 2001. They recorded the incidences of insect pests
and disease symptoms, counted open flowers, and noted flower color.
Pest and disease samples were sent to the Clemson University Plant
Problem Clinic for diagnosis. Late in the growing season, August 2001,
scouts measured the height and width of plants to estimate the growth
potential of each species. Plants will continue to be evaluated for several
more years.
Results and Discussion: Results for the first growing season are
presented. During the scouting period, plants varied in number of
flowers produced (none to many), flowering period (one to several
months), and flower color (Table 1). By late August, plants also varied
considerably in both height (4 to 78 cm) and width (22 to 146 cm) (Table
1). Many of the plants grew laterally so much that they out-grew their
allotted bed space of 60 cm (i.e., Achillea, Caryopteris, Coreopsis
verticillata ‘Moonbeam’, Delosperma, Fragaria, Gaura, Perovskia,
Rudbeckia, Scabiosa, Sedum, Verbena). These plants should be given
more than 60 cm in landscape plantings. Lateral growth by Fragaria x
‘Pink Panda’ was so excessive (146 cm) it was invasive.
Overall, insect and mite pests were not a serious problem on any of the
plants in 2001. Aphids, beetles, leafminers, and mites occasionally were
found on a few plants of several plant species or cultivars (Table 2).
Gaura lindheimeri ‘Swirling Butterflies’ had more infestations than the
other plant species or cultivars. Leaf spots and root rot and decline were
the primary disease problems encountered by these perennials in the
first growing season (Table 2). Fifteen (50%) of the plant species or
cultivars had leaf spots; 22 (73%) of them had some type of root rot or
decline; and eight (27%) of them experienced mortality—which affected
from one to six of the eight replicate plants. Root rot pathogens included
Fusarium, Macrophomina, Phytophthora, Pythium, and Rhizoctonia.
Macrophomina previously has not been reported on Verbena spp. This
plant pathogen appears to have the potential to be a serious problem for
herbaceous perennial plants if present in landscape soils.
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Significance to Industry: Identification of low maintenance perennials
for South Carolina landscapes will reduce the need for pest management
inputs for landscape maintenance and increase the longevity of plants in
landscapes. After one growing season, some of the plants evaluated in
this study looked very promising for low maintenance landscapes. Plant
genera that were relatively free of insect pests and pathogens and
flowered well were: Achillea, Caryopteris, Delosperma, Hemerocallis,
Perovskia, Santolina, Scabiosa, and Sedum; Sisyrinchum was problemfree but did not flower during the scouting period of June to September.
Acknowledgements: This project was supported by a grant from the
Clemson University Integrated Pest Management Program and donations from several local horticulture businesses.
Literature Cited:
1. Dreistadt, S. H. (ed.). 1994. Pests of Landscape Trees and
Shrubs—An Integrated Pest Management Guide. Publication 3359.
University of California, Division of Agriculture and Natural Resources. Berkeley, CA. 327 pp.
2. Jones, R. K., G. W. Simone, S. L. von Broembsen, and E. Dutky.
2001. Integrated disease management (Chapter 86). Pages 376383 in: Diseases of Woody Ornamentals and Trees in Nurseries. R.
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* Based on observations in 2002

Achillea millifolium ‘Red Beauty’
Armeria maritima ‘Splendens’
Caryopteris x clandonensis ‘Dark Knight’
Coreopsis auriculata ‘Nana’
Coreopsis verticillata ‘Moonbeam’
Coreopsis verticillata ‘Zagreb’
Delosperma cooperi
Dianthus gratianopolitanus ‘Bath’s Pink’
Dianthus gratianopolitanus ‘Firewitch’
Echinacea purpurea ‘Magnus’
Fragaria x ‘Pink Panda’
Gaillardia x grandiflora ‘Baby Cole’
Gaura lindheimeri ‘Swirling Butterflies’
Hemerocallis x ‘Stella D’Oro’
Hypericum ascyron

Plant Name

Jul-Sep
Jun-Sep
…
Jun-Sep
Jul-Sep
Jun
Jun
Jun-Sep
Jun-Jul
…

>10
>10
0
1-10
1-10
1-10
1-10
1-10
0-10
0

>10

Jun, Sep
Jun-Sep

Jun
Aug-Sep

Jun-Aug

Months Open

1-10

>10
1-10
>10

No./plant

Flowers

white
yellow
yellow*

pink
orange/yellow

pink/purple

…
pink/purple

yellow
magenta

yellow
yellow

red
pink
lavender/blue

Color

26.4
23.4

78.3

11.4
18.0

52.1

16.5
23.0

28.9
14.9

11.7
31.1

20.8
62.1

47.4

Height

57.6
50.8

77.0

146.6
39.4

59.0

55.6
36.3

48.5
71.8

28.8
98.0

24.4
71.3

102.9

Width

Plant Size (cm)

Table 1. Horticultural characteristics of 30 perennial plants during the initial growing season of 2001 in Columbia,
South Carolina
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* Based on observations in 2002

Iberis sempervirens
Leucanthemum superbum ‘Snowcap’
Perovskia atriplicifolia
Phlox subulata ‘Crimson Beauty’
Rudbeckia sullivantii ‘Goldsturm’
Salvia x sylvestris ‘Blue Queen’
Santolina virens
Scabiosa columbaria ‘Butterfly Blue’
Scabiosa columbaria ‘Pink Mist’
Sedum reflexum ‘Blue Spruce’
Sedum x ‘Autumn Joy’
Sisyrinchum angustifolium
Verbena x ‘Tapien Violet Blue’
Veronica peduncularis ‘Georgia Blue’
Veronica spicata ‘Red Fox’

Plant Name

Table 1. (continued)

Jun
Jun-Sep
Jul-Aug
Jul-Aug
Jun-Sep
Jun-Jul
Jun-Sep
Jun-Sep
Jun-Jul
Aug-Sep
May*
Jun-Aug
Jun
Jun-Sep

1-10
>10
0-10
>10
1-10
>10
1-10
>10
0-10
>10
0
>10
1-10
>10

Jun

Months Open

0-10

No./plant

Flowers

pink

purple
blue

pink
blue*

yellow

pink

lavender/blue

pink
yellow
purple/blue
yellow

white
lavender/blue

white

Color

39.5

13.5
10.3

57.9
29.0

38.5
no data

40.3

25.8
30.4

15.3
52.1

4.0
74.4

19.5

Height

50.8

100.4
42.3

86.3
44.5

70.3
no data

69.4

40.3
53.6

57.9
82.0

22.0
99.5

37.0

Width

Plant Size (cm)
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Achillea millifolium ‘Red Beauty’
Armeria maritima ‘Splendens’
Caryopteris x clandonensis ‘Dark Knight’
Coreopsis auriculata ‘Nana’
Coreopsis verticillata ‘Moonbeam’
Coreopsis verticillata ‘Zagreb’
Delosperma cooperi
Dianthus gratianopolitanus ‘Bath’s Pink’
Dianthus gratianopolitanus ‘Firewitch’
Echinacea purpurea ‘Magnus’
Fragaria x ‘Pink Panda’
Gaillardia x grandiflora ‘Baby Cole’
Gaura lindheimeri ‘Swirling Butterflies’
Hemerocallis x ‘Stella D’Oro’
Hypericum ascyron

Plant Name

5
3

1

1

2

Aphids Beetles Mites Leafminers
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8

4

1
4
5

2
5

1

1

4

2
2
3
2
7

2

3
2

6

3

2

2

4

Fusarium

Rhizoctonia

Disease Symptoms
Pathogens
Leaf Root Rot,
Isolated
Spots Decline Dead

No. Plants/8 with:
Insect Pests

Table 2. Incidences of insect and mite pests and disease symptoms on 30 perennial plants during the initial growing
season of 2001 in Columbia, South Carolina
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Perovskia atriplicifolia
Phlox subulata ‘Crimson Beauty’
Rudbeckia sullivantii ‘Goldsturm’
Salvia x sylvestris ‘Blue Queen’
Santolina virens
Scabiosa columbaria ‘Butterfly Blue’
Scabiosa columbaria ‘Pink Mist’
Sedum reflexum ‘Blue Spruce’
Sedum x ‘Autumn Joy’
Sisyrinchum angustifolium

Leucanthemum superbum ‘Snowcap’

Iberis sempervirens

Plant Name

Table 2. (continued)

1

1

1
1
1

Aphids Beetles Mites Leafminers
1
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4

1
1
1
3
1
5

2
5

7
7

3

8

1

1

6

Alternaria

Fusarium
Pythium,
Rhizoctonia

Disease Symptoms
Pathogens
Leaf Root Rot,
Isolated
Spots Decline Dead
6
4
Phytophthora,

No. Plants/8 with:
Insect Pests
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Veronica peduncularis ‘Georgia Blue’
Veronica spicata ‘Red Fox’

Verbena x ‘Tapien Violet Blue’

Plant Name

Table 2. (continued)

1

Aphids Beetles Mites Leafminers

2
1
2

Macrophomina,
Rhizoctonia

Fusarium

Disease Symptoms
Pathogens
Leaf Root Rot,
Isolated
Spots Decline Dead
4
Macrophomina,

No. Plants/8 with:
Insect Pests
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The Effects Of Hardwood Mulch Depth
On Growth And Development Of
Southern Live Oak
1

Fred Fellner1, Ed Bush2, Yadong Qi1
Southern University, Dept. of Urban Forestry, Baton Rouge, LA
70801 and 2LSU AgCenter, Louisiana State University, Dept. of
Horticulture, Baton Rouge, LA 70803

Index Words: Urban Forestry, Quercus Virginiana, Planting Techniques
Nature of Work: Pedestrian foot traffic, maintenance equipment impact,
event parking, erosion, rain impact and inconsistent maintenance practices result in high soil compaction levels in the root zone of many live
oak trees in urban areas. This compaction results in loss of organic
matter to erosion and deterioration of soil structure which decreases soil
porosity and air space thereby reducing the availability of oxygen and
water to tree roots. The end result of this soil compaction is impeded root
development and root nutrient uptake (1). The result of inefficient root
development, root penetration, and nutrient uptake can be readily
observed in the trees by evidence of slow growth, stalled growth, or
decline. Many urban live oak trees are in a state of decline and show
extensive tip dieback, defoliation, fungus and lichen growth, and slow
healing response from physical damage.
Many communities have inherited these ecological system imbalances
by past planting and building practices that now require recognition and
remediation to continue to support the root structures of their urban trees
(2). One cultural method currently in use around the country is the
placement of hardwood mulch chips and grindings at thicknesses of 3 to
4" under the canopy spread of mature trees. Fraedrich and Ham applied
4 inches of wood chip mulch to four year old Acer rubrum and A. saccharum (red maple and silver maple) resulting in height and diameter growth
compared to the unmulched treatment (3). Hensley, McNiel, and
Sundheim (4) reported that hardwood mulching at thickness of 3" on
transplanted containerized Magnolia grandiflora resulted in significant
increases in overall height, stem diameter, and number of branches as
compared to trees that were not mulched (4). The objective of this
experiment was to determine the influence of mulching depth on growth
of Southern live oak.
Four gallon Southern live oak trees were randomly assigned by height
and caliper on April 15, 2000. Trees were transplanted into 32 gallon
wood containers filled with a Olivier silt loam soil amended with Scott’s
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Osmocote 15-9-12 (12-14 month release) at the recommended rate of
2.5 lbs N/yd3. Thirteen replications of three hardwood mulch (live oak)
treatments were established at thicknesses of 2", 4" and 8". A no-mulch (
0") control treatment was also included. Drip irrigation was installed and
controlled by a computerized controller with separate solenoids for each
treatment. Stem caliper and terminal shoot growth data was analyzed
using Duncan’s New Multiple Range Test at the 5% level over an 18
month period.
Results and Discussion: Stem caliper measurements at 6 and 12
months revealed statistical differences between the unmulched and the
mulched treatments (Fig. 1). At 18 months there were no statistical
differences between any of the treatments. It is also noteworthy that a
significant weather event occurred in June of 2001 which greatly affected
the growth of the trees mulched with the 8" of mulch. More than 19" of
rain fell within a few days during this weather event resulting in media
saturation. This weather event lead to the complete defoliation of all the
trees planted in the containers mulched with 8 inches of hardwood bark.
As a result, the 18 month caliper measurement for the trees in the 8 inch
treatment showed a decline. This event alone is worth considering when
heavily mulching trees. If the topographical or planting site is such that
excessive amounts of water will accumulate in the root zone resulting in
hypoxia.
The 4" mulch treatment enhanced tree growth during the first growing
season compared to the control (Fig. 2). However, during the second
growing season, the affect of the weather event discussed earlier resulted in less growth in the 8" mulched trees compared to the control
and 4" treatment. Foliar defoliation caused by heavy rains reduced plant
growth measurements at the 18 month measurement. This data suggest
8" of mulch is unnecessary and may be harmful to transplanted live
oaks. The conclusions of this experiment would suggest not to exceed 4"
of mulching on newly planted Southern live oak trees.
Significance to the Industry: Mulching trees after planting is a common
landscape practice. Appropriate mulching depths in the Southeast United
states varies depending on plant species. This research emphasizes that
choosing the appropriate mulching depth is important. Excessive mulching caused foliar defoliation and reduced tree growth.
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1. Brady, Nyle D., Weil, Ray R.1999. The Nature and Properties of Soil.
12th edition, Prentice Hall. p 279.
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Figure 1. Stem diameter of live oak trees with four mulch treatments.

Figure 2. Terminal growth at branch tips at 0, 6, 18 months.
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Pruning Decisions for Containerized Hydrangeas
Tabor B. Conwell, Ken Tilt, Doug Findley,
Harry Ponder, Kay Bowman*
Auburn University, Dept. of Horticulture,
Auburn University, AL 36849
* Center for Applied Nursery Research, Dearring, GA 30808
Index Words: Hydrangea macrophylla, Pruning, Flowering, ContainerGrown
Nature of Work: Research has shown that Hydrangea macrophylla
initiates inflorescences under the cool, short day conditions of fall and
then bloom in the spring, making their flower pattern similar to that of
azaleas (1.). Currently discrepancies exist in the industry about proper
pruning requirements among the different cultivars. One source indicates: “Each stem should be cut back to just above the uppermost pair of
new buds… in late spring to early summer (3.). A second book recommends removing 1/3 of the stems after flowering (4.).
No information has been published regarding which cultivars will still
bloom if pruned in late summer versus after flowering. A similar study
used non-pruned and renewal pruned field grown Hydrangea
arborescens, smooth hydrangea; Hydrangea paniculata, panicled
hydrangea; Hydrangea quercifolia, oakleaf hydrangea and found that
modifying production practices could result in a plant that produces larger
flowers and longer stems (2.).
This pruning study was conducted on Hydrangea macrophylla at the
Center for Applied Nursery Research (CANR) in Dearring, Georgia at
McCorkle Nurseries. 50 three-gallon plants each of four cultivars,
‘Charm Red’, ‘Nikko Blue’, ‘Blue Wave’ and ‘Hobella’ were evaluated.
Ten plants per cultivar were pruned monthly beginning in May 2001
through September 2001. Five plants were pruned back to old wood
(half) and five plants were pruned to 2-3 inches from the soil line (renewal). A non-pruned control for each cultivar was also evaluated.
Evaluation of flower number by visual count and quality from a retail
customer’s viewpoint was conducted on May 9, 2002 to determine the
impact of pruning.
Results and Discussion: The cultivar ‘Charm Red’ experienced severe
winterkill on treatments and controls during the study, therefore no data
was obtainable. Plants pruned to old wood produced 15% more flowers
than renewal pruning and 23% more than no pruning (Figure 1).
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‘Hobella’ produced 59 % more flowers in May and 42% more on average
compared to the other two cultivars. In June ‘Nikko Blue’ produced 59%
fewer flowers and in July 70% less than the other cultivars on average
(Figure 2). The August pruning date produced the most visually appealing plant across all cultivars as compared to the May through September
pruning dates. ‘Hobella’ had the highest plant quality when pruned in
May, while pruning in June and July resulted in similar plant quality
ratings to ‘Blue Wave’. Pruning in August and September resulted in
similar plant quality ratings among all three cultivars (Figure 3).
Significance to Industry: Proper pruning techniques would improve
nurserymen, landscapers, and homeowners’ success with the flowering
of these plants. In addition to flowering, identification of the proper time
to prune would help nurserymen have the most desirable shaped plant
for their targeted sales and shipment dates. For hydrangeas grown in
the southeast, our research suggests that pruning 1/3 to _ in August
results in compact, well shaped plants that would be easy to ship.
Pruning in May or June results in more flowers which would be better
suited for landscape/homeowner situations.
Literature Cited:
1. Bailey, D.A. and Weiler, T.C. 1984. Control of Floral Initiation in
Florists’ Hydrangea. J. Amer. Soc. Hort. Sci. 109(6): 785-791.
2. Dunwell, Winston, Dwight Wolfe, Robert McNiel, Sharon Bale, and
Dewayne Ingram. 2001.
3. Irrigation and Pruning Influence Hydrangea Dried Cut Flower Production. SNA Research Conf. 46:160-163.
4. Hill, Lewis. Pruning Simplified. Rodale Press, Pennsylvania. 1979.
5. Lawson-Hall, Toni and Rothera, Brian. Hydrangeas A Gardner’s
Guide. Timber Press; Portland, Oregon. 1995.
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Pruning Treatments vs Flower Number

Pruning Treatments
Figure 1. Means with different letters are significantly different
according to Duncan’s Multiple Range Test (a=0.05)

Cultivar by Month vs Flower Number

Figure 2. Means with different letters among cultivars, within a month,
are significantly different according to Duncan’s Multiple Range Test
(a=0.05)
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Cultivar by Month vs Plant Quality

Figure 3. Means with different letters among cultivars, within a month,
are significantly different according to Duncan’s Multiple Range Test
(a=0.05)
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The Effect of Ozone on the
Physiology of Buddleia davidii
Wesley Totten, Douglas Findley, Lisa Samuelson
Art Chappelka, and Gary Keever
Auburn University Department of Horticulture
Auburn, AL 36849
Index Words: Buddleia davidii, Ozone, Air Pollution, Physiology
Nature of Work: Tropospheric ozone exposure can cause visible injury
to foliage, growth reductions, and change physiological processes within
sensitive plants. In previous studies evaluating Buddleia cultivars,
variations in sensitivity to both acute and chronic ozone exposure was
reported (2), with ‘Black Knight’ and ‘Royal Red’ exhibiting more injury to
both acute and chronic exposure than ‘Nanho Blue’ and ‘Pink Delight’
which exhibited slight acute sensitivity but no chronic sensitivity.
Ozone exposure can modify the physiology of a plant by means of
altering photosynthesis, stomatal conductance, and transpiration rates.
Ozone damage can reduce photosynthetic rates by deteriorating thylakoid membranes and decreasing Rubisco production (3). Acer saccharum Marshall incurred a 21% reduction in photosynthesis after exposed
to an ozone dose 0.5 ppm (1). Ozone injury can impair stomatal conductance through the oxidation of guard cell membranes (4). Gossypium
hirsutum L. exhibited significant decreases in stomatal conductance
under chronic ozone exposure (7). Skarby et al6 observed a decrease in
daytime transpiration rates among ozonated Pinus sylvestris L. shoots.

Buddleia davidii ‘Pink Delight’ liners were potted into three gallon containers containing a 7:1 pine bark/sand potting media on 16-April 2001.
Ozone treatments consisted of 1) charcoal filtered air (CF), to reduce
ozone approximately 50% below ambient, 2) non-filtered ambient air
(NF), and 3) air injected with ozone at 2X ambient (2X). The 2X ambient
treatment represents conditions found in large cities such as Birmingham
and Atlanta. Ten single plant replications were placed in each treatment,
with treatments initiated on 22-May 2001 and terminated on 27-September 2001. Plants were watered at least twice a day to assure a wellwatered status.
A completely randomized design containing ten plants per ozone treatment was utilized to test for ozone treatment effects. Physiological
measurements including photosynthesis, stomatal conductance, and
transpiration rates were sampled monthly using the LICOR 6400. Three
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of the most recently matured leaves from each plant were sampled per
sampling period. Analysis of variance was used to test main effects and
interactions for significance (5). Treatments were compared via Duncan’s
multiple range test with p = 0.05. Single degree of freedom contrasts
were used to analyze the effects of the ozone concentrations.
Results and Discussion: Results from the 2001 growing season
indicate that exposure to elevated ozone levels reduces photosynthesis,
transpiration, and stomatal conductance rates of Buddleia. At all sampling dates, plants in the CF treatment had photosynthesis rates greater
than plants in either NF or 2X treatments (Table 1). Reductions in photosynthesis rates ranged from 40% on 23-July; to 9% on 6-Sept. Stomatal
conductance rates were approximately 50% lower in the 2X treatment
compared to the CF treatment at all sampling dates. Significant differences in transpiration rates were recorded only on the 23-Aug sampling
date, which corresponded to peak ozone season. On 23-Aug plants in
the NF treatment had transpiration rates 25% greater than CF plants and
35% greater than 2X plants. These data indicate that of the physiological
processes measured, photosynthesis and stomatal conductance rates
are altered the most by elevated ozone concentrations.
Significance to Industry: Reductions in photosynthetic rates in response to elevated ozone levels can have adverse effects on the normal
growth rate of the plant. This might result in slower development in the
landscape setting. Alterations in stomatal conductance rates could lead
to lower water use efficiency by the plant and increased transpiration
rates, which can result in increased water demand by the plant. This
knowledge can help the industry focus on developing cultivars tolerant of
urban conditions.
Literature Cited:
1. Carlson, R.W. 1979. Reduction in the photosynthetic rate of Acer,
Quercus, and Fraxinus species caused by sulphur dioxide and
ozone. Environ. Poll. 18:159-170.
2. Findley, D.A., G.J. Keever, A.H. Chappelka, D.J. Eakes, C.H. Gilliam.
1997. Screening Buddleia Cultivars for Acute Ozone Injury. J.
Environ. Hort. 15:142-145
3. Krupa, S., M.T. McGrath, C.P. Andersen, F.L. Booker, K.O. Burkey,
A.H. Chappelka, B.I. Chevone, E.J. Pell, B.A. Zilinskas. 2000.
Ambient Ozone and Plant Health. Plant Dis. 85: 4-12.
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Exposures and Their Effects on Vegetation, Lewis Publishers,
Chelsea, Mi., p. 189.
5. SAS (1989), SAS/SAT User’s Guide, Release 6.03. SAS Institute,
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Table 1. Effects of three ozone treatments on photosynthesis (µmol CO2
m-2s-1), stomatal conductance (mol H2O m-2s-1), and transpiration rates
(mmol H2O m-2s-1) of Buddleia davidii ‘Pink Delight’ in 2001.
26-June
Treatment Effects
Photosynthesis
CF
NF
2X
Contrast
CF vs. NF b
CF vs. 2X
NF vs. 2X
Stomatal Conductance
CF
NF
2X
Contrast
CF vs. NF
CF vs. 2X
NF vs. 2X
Transpiration
CF
NF
2X
Contras
CF vs. NF
CF vs. 2X ns
NF vs. 2X ns

23-July23-Aug.

24.88A a
21.55B
17.22C

6-Sept.

21.57A
12.10B
13.15B

20.59A
22.86A
16.56B

*
*
ns

**
***
ns

ns
***
**

0.61A
0.47AB
0.33B

0.42A
0.16B
0.19B

0.43A
0.42A
0.22B

0.79A
0.49B
0.39B

***
***
ns

*
***
*

**
***
ns

7.56A
4.95A
5.54A

5.98B
7.99A
5.15B

*
*
ns
5.68A
5.96A
5.19A
ns
*
ns

*
*
**

a

ns
ns
ns

21.16A
21.69A
19.17A
**
**
ns

5.70B
7.38A
6.15AB
ns

Means separated within a sampling date by Duncan’s Multiple
Range Test.
b
Single degree of freedom orthogonal contrasts between treatments.
Significance levels: ns = not significant; * = p<0.05; ** = p<0.01; *** =
p<0.001.
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Shrubs That Can Be Trained Into Small Landscape Trees
Hubert P. Conlon
Agricultural Extension Service, University of Tennessee
Jonesborough, TN 37659
Index Words: Small Trees, Large Shrubs, Pruning, Staking
Nature of Work: There is an increasing demand for a wider selection of
small trees for urban and suburban landscapes. Reduction in the size of
residential home lots and tree plantings under low power lines have
created an unique niche for nurserymen.
Unfortunately, there is only a limited palette of small trees from which to
select. A small tree, for the purpose of this publication, is defined as a
plant that matures naturally to a single standard or multi-stemmed trunk
in mature heights ranging from 15-25 feet. The most popular small
landscape trees within USDA hardiness zones 6-7 are flowering dogwood (Cornus florida), Chinese dogwood (Cornus kousa), crabapples
(Malus spp.), redbud (Cercis canadensis) and Japanese maple (Acer
palmatum). A more extensive list is found in Table I.
An informal survey of nurseries uncovers a number of large shrubs which
can be trained by pruning into saleable small trees. Nurserymen have
identified many of these plants by watching home gardeners limb up their
old shrubbery. The branches of many shrubs are structurally sound and a
few are quite attractive. The nursery industry must consider production
cycles and labor costs in determining which plants will fit into their
growing program. Through personal experience and observation, 15
species are listed in Table II.
Some shrubs may also be limbed up or grafted as “small trees”, some 610 feet tall and suitable for patio containers. Their life expectancy averages 1-5 years. Usually the wood is weak or the problem of graft incompatibility develops. Dwarf evergreen conifers, junipers, hollies, hydrangeas and buddleia fit into the container category. These plants often
retail at premium prices.
Some species and cultivars require extraordinary maintenance to maintain the tree-form such as clethras, viburnums and hydrangeas. Some
species have a high propensity for root suckering and/or grafted to
stimulate plant growth. For example, some compact growing lilacs such
as Syringa x meyeri and dwarf willows (Salix spp.) are grown or grafted
onto 2 _ - 3 foot seedling standards.
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To remove the large flowers (trusses) some shrubs must be either
sprayed with a growth regulator or deblossomed by hand. In order to
build stem girth and strong, straight trunk(s) and branches, the heavy
flowers are best removed. Growth regulators need to be investigated to
reduce hand labor and production time required to remove flower buds
and reduce root suckering.
Limbs are trained to 6-12 foot stakes in the field row or in containers.
Ties should be soft and loose so that the young stems are not girdled. In
selecting a new species, avoid those with hollow or pitted wood, those
that are marginally hardy, produce large flower trusses, and develop
large numbers of adventitious shoots and root suckers.
There are many fine candidate shrubs which develop into excellent small
trees among the genera Acer, Cornus, Magnolia and Viburnum. Crape
myrtles (Lagerstroemia spp.) are marginally hardy within USDA zone 6.
Several tree form crape myrtles are already significant small landscape
trees in the south, but several intermediate shrub types may also be cast
into the same role.
There may be some hesitation to try genera like Lonicera spp., Rhamnus
spp. and Kolkwitzia amabilis in USDA zones 7 and 8 where these may
not be politically good choices because of their invasive tendencies.
Significance to the Industry: Considerable work is ahead, evaluating
additional shrub species which may be suitable as small landscape trees.
Developing and maintaining a central leader may be a difficult challenge.
Research is needed to reduce the labor intensity involved in staking,
sucker and sprout control, flower abscission and other pruning steps.
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Table I:
Small Trees Common to Tennessee Landscapes
Japanese maple (Acer palmatum)
Sarvis or Serviceberry (Amelanchier arborea)
Ironwood or Musclewood (Carpinus caroliniana)
Redbud (Cercis canadensis) several cultivars
Dogwood (Cornus florida)
Chinese dogwood (Cornus kousa)
‘Winter King’ Hawthorn (Crataegus viridis) ‘Winter King’
Carolina Silverbell (Halesia carolina)
Crapemyrtle (Lagerstroemia indica x L. fauriei)
Crabapple (Malus spp.)
Ornamental plum (Prunus cerasifera) cv.
Yoshino cherry (Prunus x yedoensis)

Table II:
Shrubs Which Can Be Trained Into Small Trees
Amur maple (Acer ginnala)
Asiatic fringetree (Chionanthus retusus)
Native fringetree (Chionanthus virginicus)
Cornelian cherry (Cornus mas)
Japanese cornel (Cornus officinalis)
Smoke tree (Cotinus coggygria)
American witchhazel (Hamamelis virginiana)
Rose of Sharon (Hibiscus syriacus)
Star magnolia (Magnolia stellata)
Sweetbay magnolia (Magnolia virginiana)
Crape myrtle (Lagerstroemia indica x L. fauriei)
Intermediate shrub forms– ‘Dynamite,’ ‘Sioux,’
‘Lipan’, ‘Osage’
Epaulette tree (Pterostyrax hispida)
Japanese tree lilac (Syringa reticulata)
Siebold viburnum (Viburnum sieboldii)
Chaste tree (Vitex agnus-castus)
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Feeding Preferences of
Agraulis vanillae (Gulf Fritillary)
for Pentas lanceolata cultivars
L.L. Bruner, D.J. Eakes, G.J. Keever, J.W. Baier,
C. Stuart-Whitman, P. R. Knight, and J.E. Altland
Auburn University, Department of Horticulture, Auburn, AL 36849
Index words: Pentas, Pentas lanceolata, Gulf Fritillary, Agraulis
vanillae, Feeding Preferences
Nature of Work: Butterfly gardening has become a popular niche in
horticulture. In response to popular demand many plants are marketed
by the horticultural industry as butterfly attractants to tap into this growing
market. Considerable knowledge exists regarding the types of plants
that are important nectar sources including Pentas lanceolata (Forssk.)
Deflers. However, many cultivars of Pentas are available exhibiting
different flower colors and growth habits. Research has shown butterflies can be highly selective in their choice of nectar plants, based on
many factors, including color, nectar guides, and sugar concentrations (1,
2, 3, and 4). Additionally, previous research has shown that changes in
corolla size and form during hybridization may disrupt or expand morphological matches between flower and insect, affecting nectar accessibility
and changing the pollinator species composition (5). The objective of
this study was to evaluate feeding preferences of one butterfly species,
Agraulis vanillae L. (Gulf Fritillary) among P. lanceolata cultivars. Plant
characteristics investigated in this study are flower color characteristics,
including light reflectance in the visible spectrum, and morphology.

P. lanceolata liners were potted into 3.8 liter (#1) plastic containers on
November 15, 2001. Growing medium consisted of a pine bark:sand
(7:1 by volume) substrate amended per cubic meter (cubic yard) with 8.2
kg (13.8 lb) Polyon 18-6-12 (Pursell Technologies), 0.9 kg (1.5 lb)
Micromax (The Scotts Company), and 3.0 kg (5.0 lb) dolomitic limestone.
Plants were grown in a double-poly greenhouse under natural light
conditions with greenhouse vent and heat set points at 29˚ C (85˚ F) and
18˚ C (65˚ F). Gulf Fritillary butterflies used in preference tests were
reared in an indoor captive colony without contact with flowering plants
before the preference test. A combination of larval host plants was used
in rearing the captive colony including Passiflora incarnata L., Passiflora
caerulea L., and Passiflora edulis Sims.
On February 11, 2002 and March 28, 2002 six single plant replications of
‘New Look Red’, ‘Lilac Mist’, ‘Butterfly Light Lavender’, ‘Butterfly Red’,
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‘Butterfly Deep Pink’, and ‘Red’ Pentas were placed in a 3.7 m x 2.4 m x
2.1 m (12 ft x 8 ft x 7 ft) flight pen located within a glass greenhouse.
Plants were placed on the flight pen floor in a completely randomized
design. Six adult Gulf Fritillary butterflies were placed in the flight pen
and observed. A different set of plants and butterflies were used on each
test date. On February 11, 2002 and March 28, 2002, the butterflies
were observed for one hour (test #1) and two hours (test #2 and test #3),
respectively. On March 28, 2002, the first hour observations (test#2)
were separated from the second hour of observations (test #3) due to
expected differences in the greenhouse environment including temperature, relative humidity, and light levels.
Data collected for butterfly visitation included: 1) number of total visits to
individual inflorescences, 2) number of feeding visits and landing visits,
3) duration of each inflorescence visit in seconds, and 4) number of
separate trips to each plant. Duration per visit was calculated by dividing
the total visit duration in seconds by total number of visits. Temperature,
relative humidity, and light levels within the flight pen were recorded at
the beginning and end of each test. Flowering data including number of
inflorescences, inflorescence width and percent flowering were collected
following each preference test.
Before conducting the preference tests, hue, lightness, chroma, and light
reflectance in the visible spectrum wavelengths (400 to 700 nm) of
flowers were quantified using the Minolta Spectrophotometer CM-2002 A
(Minolta Camera Co., Ltd., Ramsey, New Jersey) in January 2002 using
six single plant replications.
Results and Discussion: Butterfly visitation data exhibited a Poisson
distribution and a square root transformation was used to bring it closer
to normality to meet ANOVA assumptions. Visitation data collected from
the three tests were statistically similar and the results combined (Table
1). ‘Lilac Mist’ had the greatest number of total inflorescence visits (1.7),
feeding visits (1.3), total plant trips (1.6), and visit duration (9.7 seconds)
compared to the remaining cultivars, while duration per visit for ‘Lilac
Mist’ (4.7) and ‘Butterfly Deep Pink’ (3.8) was similar. The number of
total inflorescence visits (1.0 – 0.3), feeding visits (0.7 – 0.2), total plant
trips (0.9 – 0.3) , and duration of visits (5.4 – 1.0 seconds) were similar
among the remaining cultivars with the exception ‘Butterfly Deep Pink’
which was greater than ‘New Look Red’. Mean duration per visit was
similar among ‘Butterfly Deep Pink’ (3.9 seconds) and ‘Red’ (1.9 seconds), with the remaining cultivars and ‘Red’ being similar ranging from
1.9 seconds to 1.0 seconds.
Correlation analysis between butterfly visitation and flower characteristics
including hue, chroma, lightness, light reflectance throughout the visible
507

SNA RESEARCH CONFERENCE - VOL. 47 - 2002
spectrum (400 nm to 700 nm), inflorescence number, inflorescence
width, and percent flowering did not reveal correlation coefficients greater
than 0.45 (N=108). Therefore, while Gulf Fritillary visitation and duration
of visits were statistically greater for the cultivar ‘Lilac Mist’, no direct
correlation was found in the plant characteristics investigated.
Significance to Industry: There has been few detailed studies conducted examining whether all cultivars or varieties of a certain plant
species are equally effective for attracting butterflies. In these studies,
visitation of the Gulf Fritillary butterfly to one Pentas cultivar ‘Lilac Mist’
was greater than visitation to the remaining cultivars in the tests. However, the various cultivar characteristics investigated did not reveal
obvious correlations with the observed preference. Additional studies on
the flowering characteristics of Pentas lanceolata cultivars evaluating
nectar volume and nectar carbohydrate composition, along with other
commonly used nectar sources, could provide information to the horticulture industry regarding which traits are most effective for butterfly attraction and should be targeted for hybridization.
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0.3 bc
0.2 c

0.5 bc

0.3 c

1.3 a
0.7 b
0.2 bc
0.4 bc

Feeding
visits

0.2 b

0.2 b

0.7 a
0.5 ab

0.7 a
0.5 ab

Landing only
visits

0.3 c

0.4 bc

0.9 b
0.8 bc
0.7 bc

1.6 a

1.0 c

1.7 bc

9.7 a
5.4 b
3.4 bc
2.6 bc

Total plant Visit duration
trips
(seconds)

1.0 c

1.6 c

1.6 c

1.9 bc

4.7 a
3.8 ab

Duration per )
visit (seconds

= Results combined from three repeated tests. Tests #1 performed on 2/11/02 and Tests #2 and #3 performed
on 3/28/02.
y
= Data exhibited a Poisson distribution, a square root transformation was used to bring data closer to normality
to meet ANOVA assumptions.
x
= Means followed by different letters are significantly different according to Duncan’s Multiple Range Test at the
5% level.

z

1.0 b
0.8 bc

Butterfly Deep Pink
Red
Butterfly Light

Lavender
Butterfly Red
New Look Red

1.7 ax

Lilac Mist

0.8 bc

Total
inflorescence
visitsy

Cultivar

Table 1. Mean total visits, feeding visits, landing only visits, total trips, visit duration, and duration per visit observed for
Gulf Fritillary butterfly visitation of Pentas cultivars combining tests performed on 2/11/02 and 3/28/02z.
SNA RESEARCH CONFERENCE - VOL. 47 - 2002

SNA RESEARCH CONFERENCE - VOL. 47 - 2002

510

