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Nature of Work: Pruning ensures a structurally strong tree and helps maintain
a healthy appearance by removing dead, diseased, or damaged wood and
branches that might otherwise create an entry point for insects or disease.
Improper tree pruning can detract from its appearance and value in the
landscape. It also can weaken or deform healthy trees by producing a forked
top, parallel branches, sharp angle branches, water sprouts, or basal sprouts.
Crape myrtle (Lagerstroemia spp.) is widely planted as a shrub or tree
and is frequently pruned, sometimes severely (and controversially). So
what is the right way to prune a crape myrtle? To determine the influence
of pruning on landscape performance of crape myrtles, two cultivars
were selected for evaluating three pruning regimes as compared to an
unpruned treatment. Lagerstroemia indica x fauriei ‘Natchez’ and L.
indica ‘Carolina Beauty’ were planted in February 1994 and used in 1998
to evaluate the three pruning methods. The planting is located at the
North Florida Research and Education Center 2 miles west of Monticello,
Florida. Site conditions were described previously by Knox and Norcini,
1991 and Knox, 1996. The soil profile consists of a fine sand soil with
low fertility and a slightly acidic pH. Plants were drip irrigated during the
growing season as needed. All plants were initially pruned to two to four
main stems per plant and the dead wood and crossing branches were
removed. The three pruning treatments were: “hat-racking” or topped
(hard pruning of the tree canopy at 3 feet off the ground for Carolina
Beauty and 4 feet for Natchez), pollarding (in which main scaffold
branches are retained and previous years’ growth is removed each
winter to the same points on the ends of branches), and “pencil-pruning”
(pruning back lateral branches to the diameter of a pencil width or
approximately 3/8 inch), in addition to leaving unpruned trees as a
control treatment. Each of the four treatments was applied to nine plants
of each cultivar during late winter while plants were still dormant. Treatments
were reapplied to the same plants in 1999, 2000, and 2001. Data
collected include pre and post pruning height and width, number of
dormant season pruning cuts per plant, the diameter of 10 of the pruning
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cuts per plant, man-hours required for each type of pruning, height and
width after vegetative regrowth, date of first bloom, number of flower
panicles in bloom per plant per week, panicle size, the number and
location of water sprouts forming on each plant during the growing
season, the time required to remove the water sprouts, and stem diameter
of the water sprouts. Stem sprouts for topped and pollarded trees were
removed from 1 foot below the previous year’s cut. Stem sprouts for
pencil-pruned and unpruned trees were removed from the lower 4.5 feet
of the trunks on Natchez and the lower 3 feet on Carolina Beauty.
Results and Discussion: For the purpose of this paper, number of
pruning cuts per plant and man-hours required for each type of pruning
will be discussed. Also, pruning time and removal of basal, stem and
root sprout data represent results for both Natchez and Carolina Beauty
crape myrtle cultivars unless otherwise stated.

Pruning cuts and time for removal of basal, stem, & root sprouts during
the growing season: At the end of the 1998 growing season, on average
140 total sprouts were removed on the topped treated trees, 93 on the
pollarded, 13 on the pencil-pruned, and 10 on the unpruned (Figure 1).
Sprout removal time for these pruning treatments were 9:21 (minutes:
seconds), 4:06, 0:19, and 0:14, respectively.
Number of basal, stem & root sprouts during the growing season: Of the
various pruning treatments, topped trees required extensive stem sprout
removal and required greater than five fold of suckering cuts in comparison
to the pollarded which required on average 15 cuts (Figure 2).
Re-application of dormant season pruning treatments: After one year of
growth and re- application of the dormant season pruning treatments in
1999, pencil pruning required the most pruning cuts, 188, and longer
pruning time, 14:28 compared to other treatments (Figure 3). Topped
and pollarded required fewer cuts, 32 and 63 respectively, with a pruning
time of 3:40 for the topped and 10:21 for the pollarded.
Significance to Industry: These research results will help formulate
pruning guidelines for optimum landscape performance of crape myrtles.
Literature Cited:
1. Knox, Gary W. and Norcini, Jeffery G. 1991. Lagerstroemia cultivars
under evaluation at the NFREC-Monticello. Proc. Fla. State Hort.
Soc. 104: 346-347.
2. Knox, Gary W. 1996. Evaluation of crapemyrtle cultivars in North
Florida. SNA Research Conf. 41: 270-272.
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Mulches Reduce Herbicide Loss in the Landscape
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Nature of Work: Mulches not only moderate soil temperatures, reduce
evaporation from the soil surface, and help with weed suppression, but they
also aid in plant establishment, growth and survivial (1, 2, 7). Both pine straw
and pine bark are commonly available and utilized in landscape situations.
Recycled newspaper pellets have also been utilized as mulch in landscape
situations (6). Even with the use of mulches, chemical weed control is very
common in landscape situations. Research does exist that categorizes
herbicide movement from nursery sites. Wilson et al. (8) reported that 13%
of applied isoxaben moved from the site within 5 days. Metolachlor is reported
to be very mobile in soil (5). Pendimethalin residue was detected at 0.013
µg/ml in containment pond water and sediment (3, 4). Although mulches are
commonly used in landscape situations, little is known about their effect on
herbicide efficacy and mobility. Therefore, the objective of this research was
to evaluate the mobility of three herbicides when applied over various mulching
systems. Packed soil columns were used to evaluate the relative mobility of
four herbicides across experimental mulches. Acetate tubing (5 cm diameter)
was cut into 30 cm lengths and cheesecloth, secured with a rubber band,
was placed over the bottom. Soil was then added in five consecutive 100-g
increments, and the column was agitated to settle the soil to a 5 cm depth.
This procedure created a constant bulk density of 1 g cm-3 (500 g soil/491
cm3) throughout the 25 cm depth of each column. All 14C-labeled herbicides
were applied in a spotting solution of 1000µl of deionized water to the top of
each column in a cross-hatch pattern. One irrigation event was initiated
after treatment due to reports that the highest concentrations of pesticides
are consistently detected in the first runoff event after application. Following
irrigation, columns were allowed to drain for 48 h in the first run and 72 hours
in the second run. Leachate amounts were recorded and three sub-samples
consisting of 1 ml aliquots were combined with scintillation cocktail for radioassay
by liquid scintillation spectrometry. Columns were then frozen until analysis.
Approximately 15 minutes after removal from the freezer, a PVC pipe cutter
was used to section the packed soil core into the following increments from the
top of each column: mulch if applicable, 0-5, 5-10, 10-15, 15-20, and 20-25 cm.
Each soil section was air dried under a hood at 30o C for 48 h. Individual air
dried soil sections were then throughly mixed, and three 2-g samples were taken
from each soil section and combusted with a biological oxidizer at 900o C for 4
min. Radioactivity was quantified by liquid scintillation spectrophotometry. The
experiment was conducted as a two-way factorial consisting of three herbicides
(Isoxaben, Metolachlor, and Pendimethalin) and four mulch types (bare soil,
pine bark, pine straw, newspaper pellets). All data were subjected to ANOVA.
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Results and Discussion: All three herbicides had 83-104% recovery, and
there were no differences among herbicide treatments when averaged over
mulching system (Table 1). Differences in runs with respect to leaching and
mulch were due to the amount of time the columns were allowed to drain, 48
hours for the first run and 72 hours for the second run. This effected both the
movement out of the mulch and the amount that was recovered in the leachate.
There was an average of 15 ml more of leachate in the second run when the
columns were allowed more time to drain. When averaged across herbicides,
newspaper pellets adsorbed more 14C-herbicide compared to any other mulch
(Table 1). Newspaper pellets retained 57-82% of the herbicide applied in the
mulch, and of that amount metolachlor showed the least retention in the
newspaper pellets (Table 1) Recovery of 14C-herbicide was lower with pine
bark when compared to any other mulch, ranging from 37-83% remaining in the
pine bark (Table 1). Although pine bark reduced the movement of herbicide out
of the treated area, it did allow some movement into first 5 cm section of soil
(Table 2). Pine straw reduced movement of both isoxaben and pendimethalin
by retaining 69-88% of the herbicide in the mulch layer, respectively (Table
1). Pine straw only retained 33.5% of the metolachor in the mulch layer (Table
1), which was expected due to metolachlor=s tendency to be more mobile.
When all three herbicides were applied to dry newspaper pellets >98% of all
herbicides bound to the mulch and less then 2% was found in the other layers
of the soil column. Compared with pendimethalin and isoxaben, metolachlor
leached more from the mulch layer into the soil profile, indicating a higher
leaching potential (Table 1). When analyzing the bare treatment there is significantly more movement of metolachor even at the 10 cm section (Table 1). In all
other treatments it is significantly more mobile in the 15-25cm range (Table
1). When compared with pendimethalin and metolachor, isoxaben showed
less mobility and movement out of the mulch layer, indicating a higher propensity
to bind to the mulches used. Overall, all three mulches used reduced herbicide
leaching by 35-74% compared with the untreated bare soil treatment.
Significance to Industry: These data indicate that these mulches decrease
leaching regardless of the herbicide used. These results also demonstrate that
newspaper pellets reduced herbicide movement compared to other mulching
system examined. These data indicate that mulches may aid in decreasing
herbicide movement into surface and groundwater from landscape beds.
Literature Cited:
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root growth. J. Aboriculutre 16:264-268.
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control, soil pH, soil nitrogen content, and growth of Ligustrum
japonicum. J. Environ. Hort. 7(4):155-157.
3. Briggs, J.A., M.B. Riley, T. Whitwell. 1998. Quantification and
remediation of pesticides in runoff water from containerized plant
production. J. Environ. Quality. 27:814-820.
4. Riley, M.B., R.J. Keese, N.D. Camper, T. Whitwell, and C. Wilson.
1994. Pendimethalin and oxyfluorfen residues in pond water and
sediment from container plant nurseries. Weed Tech. 8:299-303.
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control weeds in container production. J. Environ. Hort. 17(4):174-180.
8. Wilson, C., T. Whitwell, and M.B. Riley. 1996. Detection and
dissipation of isoxaben and trifluralin in containerized plant nursery
runoff water. Weed Sci. 44:683-688.
Table 1. Percent of herbicide recovered by mulch.
Percent of Recovered
% Recovery
Treatment
Leach
bare
bare
bare
bark
bark
bark
new
new
new
straw
straw
straw
LSD

Isox
Meto
Pend
Isox
Meto
Pend
Isox
Meto
Pend
Isox
Meto
Pend

filter

5

10

15

20

25

mulch

Run 1 Run 2

all

all

all

all

all

all

run 1 run 2

.09
.61
.71
.14
.08
.33
.09
.03
.15
.56
.07
.03

.15
.12
.08
.06
.05
.12
.06
.14
.31
.28
.15
.33
nsd

2.8
3.0
1.7
0.3
1.6
2.8
0.4
1.1
2.7
0.4
1.5
1.4
nsd

3.8
7.4
1.6
0.3
2.6
6.2
0.5
3.9
1.8
0.3
3.5
1.8
nsd

2.9
26.2
2.9
0.6
10.1
3.8
0.6
10.6
2.2
0.4
15.9
1.7
4.2

21.9
37.1
13.5
3.7
15.9
7.6
3.3
12.5
3.1
3.7
25.1
1.7
3.6

57
25
73
20
20
19
20
13
11
21
20
8
11

.31
.66
.53
.41
.19
.84
.22
.10
.21
.05
.14
.77
0.2

Table 2. C-14 recovery in % of applied
Percent of applied
% Recovery
Treatment
Leach
filter 5
10
15 20
25
bare Isox 0.14 0.02 .08 1.4 1.8 1.7 18.8 51.6
bare Meto 0.16 0.06 .11 2.7 6.7 24.3 34.3 23.3
bare Pend 0.11 0.06 .08 1.7 1.5 2.9 13.4 75.2
bark Isox 0.06 0.06 .06 0.3 0.3 0.6 4.1 20.9
bark Meto 0.04 0.04 .04 1.3 2.1 7.9 13.1 16.3
bark Pend 0.11 0.08 .10 2.4 7.3 3.4 6.5 16.3
new Isox 0.03 0.05 .04 0.3 0.4 0.6 2.7 14.1
new Meto 0.03 0.03 .03 1.1 3.9 10.3 12.2 12.9
new Pend 0.04 0.08 .06 2.3 1.5 1.8 2.7 10.5
straw Isox 0.5 0.03 .04 0.3 0.3 0.4 3.4 19.8
straw Meto 0.6 0.03 .04 1.5 3.5 16.5 25.9 21.1
straw Pend 0.09 0.08 .09 1.4 1.5 1.4 1.4 5.8
LSD
0.17
.06 1.1 4.7 3.9 7.2 14
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9
2
1
65
52
37
82
58
78
77
33
83

mulch
7
9
2
1
1
14
62
96
47
38
34
77
69
74
54
57
84
69
61
69
32
37
68
73
25

12
1
14
83
46
82
66
57
78
69
34
88
10

Total
84
93
102
104
84
92
91
96
96
91
103
83
9
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A Native Plant BayScape Garden
Laurie J. Fox
Hampton Roads Agricultural Research and Extension Center
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Virginia Beach, VA 23455-3315
Index Words: low maintenance landscape, demonstration garden, wet soil
Nature of Work: The Virginia Tech Hampton Roads Agricultural Research
and Extension Center (HRAREC) is a 70 - acre tract of research plots
and demonstration areas located in Virginia Beach, VA. Virginia Tech
faculty and staff provide the latest research information on landscape
design, plant production, selection, installation, maintenance, and pest
management practices to industry personnel, homeowners and students
in the Hampton Roads area. Seven acres are currently used for plant
display gardens that are open to the general public all year.
As with any rapidly expanding urban area, care must be exercised to
protect the local streams and rivers, and in the case of Hampton Roads,
the waters of the Chesapeake Bay. Proper landscape plant selection is
critical to the protection process. Plants that are well adapted to an
area’s environmental conditions require less fertilizer and pesticides to
maintain them, thus reducing the potential for polluting the local waters.
The objective of the HRAREC Native Plant BayScape Garden is to
display plants native to the Southeastern United States which tolerate
wet soil conditions that can be viewed by nurserymen, landscapers, and
homeowners.
The Native Plant BayScape Garden is a long-term extension project.
Bayscaping is an environmental education initiative developed by the
Alliance for the Chesapeake Bay, a regional nonprofit organization.
BayScapes are environmentally-sound landscapes that are based on five
principles: conservation landscaping, water conservation, planting
diversity, use of beneficial plants, and long term planning.
Results and Discussion: In 1998 a Native Plant BayScape Garden was
added to the HRAREC display area for several reasons: the increasing
popularity of native plants, the small number currently in the display
gardens, and the zone 7-8 coastal growing conditions. A 6,600 square
foot area was marked off and sprayed to kill existing turf. Heavy clay soil
was dumped and formed into two berms to simulate planting areas
adjacent to waterways. A plant list consisting of trees, shrubs, grasses,
and perennials was developed based on three key criteria: plants native
to the Southeastern United States; plants tolerant of wet or periodically
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wet soil conditions; plants tolerant of full sun exposure. (1, 2, 3, 4) A list of
shade tolerant plants was developed for future use. Berms were mulched
with 3” of shredded hardwood. Plants were installed from October 1998
through May 1999. A total of 63 species were installed including 13 tree, 29
shrub, 17 perennial, and 4 grass. Supplemental water was applied as needed.
Plant establishment was evaluated during September 1999. Twenty
percent of the species failed to establish with highest losses in the
perennial category. In October 1999 failed plants were replaced and 12
additional species were installed. As of May 2001 there are 60 species
including 11 tree, 21 shrub, 24 perennial, and 4 grass.
Reasons for plant failure included: initial poor quality plants, drowning,
mechanical injury, disease, theft, and transplant shock. After three years
Hypericum calycinum (St. Johnswort), Lysimachia clethroides (gooseneck loosestrife), and Phalaris arundinaceae var. picta ‘Freesey Form’
(ribbon grass) are becoming invasive.
Significance to Industry: The Native Plant BayScape Garden has
demonstrated numerous concepts. First, choosing both the right plant
and a good quality plant, and installing it correctly, are key to establishing
native plants in a landscape. Native plants can provide a landscape as
aesthetically pleasing as non-native plants. Some native plants can be
invasive. A display garden to view or to which clients can be sent is
invaluable to nurserymen and landscapers, particularly when new
categories of plants become popular. Homeowners appreciate the Native
Plant BayScape Garden because they can see how plants perform and
make more informed decisions about their landscapes. And finally,
growing and installing the best plant for a situation results in less in-put
to maintain that plant, and a healthier environment in the end.
Literature Cited:
1. Anonymous 1998. Beneficial Plants for BayScaping in the Chesapeake
Bay Region. Alliance for the Chesapeake Bay, Inc. Richmond, VA.
2. Anonymous 1998. Native Plants for Conservation, Restoration, and
Landscaping Eastern Virginia. Department of Conservation & Recreation
Division of Natural Heritage. Richmond, VA. 7pp.
3. Bir, R 1992. Growing & Propagating Showy Native Woody Plants.
University of North Carolina Press, Chapel Hill, NC.
4. Foote, L., and S.B. Jones, Jr. 1989. Native Shrubs and Woody Vines
of the Southeast Landscaping Uses and Identificaiton. Timber Press,
Inc., Portland, OR.
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Evaluation of Grasses Native to Florida Under
Low Input Conditions
Jeffrey G. Norcini1, Mack Thetford2, and James H. Aldrich1
University of Florida/IFAS
1
North Florida Research and Education Center, Monticello, FL 32344
2
West Florida Research and Education Center, Milton, FL, 32572
Index words: landscape, native plants
Nature of Work: Native grasses are increasing in popularity as exemplified
by evaluations in Georgia (3, 4) and South Carolina (1). The introduction of
more native grasses into the ornamentals industry is a natural fit given
the increasing demands for native plants in landscapes, and restoration
and mitigation projects. Grasses native to Florida, especially those derived
from natural populations, may exhibit some degree of tolerance to insects,
disease, drought, and other forms of stress in Florida landscapes. However,
these species must be evaluated outside of their natural habitat to determine
their suitability for use in landscapes. Continued evaluation of these native
grasses could lead to production and utilization of those plants that exhibit
resistance to drought, heat, and/or salinity, and tolerate shade or sun.
These native grasses might also be suitable for growing in marginal production
areas and therefore require less water and fertilizer during production.
The objective of this 3-year study was to evaluate growth, flowering, and
ornamental potential of Florida native (and nonnative) grasses when
grown under low input landscape conditions. The focus of this paper is
only on native grass performance during the initial growing season.
Trial gardens (full sun) were established in mid-January 2000 at the Leon
County Cooperative Extension Service (Orangeburg fine sandy loam) in
Tallahassee, Florida and at the West Florida Research and Education
Center (Orangeburg sandy loam) in Jay, Florida. At each site, there were
six plants of each selection (Table 1). The gardens contain plastic-covered
rows or weed mat covered by hardwood chip mulch. Transplants (1-gallon)
were planted 5 or 6 feet apart (medium to small grasses, and large
grasses, respectively) within rows, and watered as needed during the
first month of establishment and during periods of drought thereafter. No
supplemental fertilization was applied. No pesticides were applied except
for fire ant control, and to control weeds around the fence and in the aisles.
Once per month (from Feb. to Nov. 2000), Master Gardeners (Leon and
Santa Rosa Counties) and Master Wildlife Conservationists (Leon County)
determined overall visual rating (1=very poor, 2=marginally acceptable,
3=acceptable, 4=good, 5=very good, 6=excellent), shoot height
(vegetative only), shoot width (vegetative only), total height (vegetative +
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reproductive), total width (vegetative + reproductive), and basal diameter.
For width and basal diameter, two measurements were made – widest
point and perpendicular to widest point. During August and September,
maximum flower height was recorded weekly.
Results and Discussion: After the first year of this 3-year evaluation,
the best performing native species were Muhlenbergia capillaris and
Tridens flavus (Table 1). Both species performed consistently well at both
sites, mean visual ratings (combined over both sites) were greater than
5.0, and all plants survived. The most unexpected result was the impressive
and excellent appearance of Tridens flavus in flower. The consistency of
its appearance combined with the purplish red inflorescences being held
well above the foliage was more suggestive of a cultivar or nonnative
plant than a native plant derived from a naturally-occurring population.
Muhlenbergia capillaris performed consistently well and is deserving of
its increasing use in landscapes. Panicum virgatum ‘Alamo’ – with a
mean visual rating (combined over both sites) of 5.6 – made a bold
statement as it grew to over 6 ft tall and about as wide at Tallahassee,
and was just slightly smaller in stature at Jay. However, one of the plants
died at Jay. With its vase-like growth habit, this switchgrass cultivar
would make a good substitute for pampasgrass (although its fine-textured
inflorescences are not nearly as showy). For example, a row of Panicum
virgatum ‘Alamo’ established at the NFREC-Monticello in 1998 grows
about 8 to 10 feet tall and 6 to 10 feet wide each year. Plants are pruned
back to 12 to 18 inches each winter, have not been fertilized, and only
received supplemental irrigation during 1998. The other switchgrass
cultivar, ‘Heavy Metal’, looked good early into summer with its steel blue
foliage but in late summer/early fall many of the plants became infected
with an unidentified foliar disease. Andropogon virginicus var. glaucus
and Eragrostis hirsuta had consistently high visual ratings at both sites
but at least three plants of each entry died the first year (results not
shown). Eragrostis has a small mounding habit, with its foliage completely
covered (or nearly so) by very fine-textured pinkish purple flowers. The
inflorescences turn light brown and are retained for much of the fall. The
main drawback of this species is that it will probably have to be treated
as an annual or short-lived perennial based on results of a previous
evaluation (Norcini, unpublished results). Also, in the drier soils of Jay, it
was not quite as impressive because it was smaller and inflorescence
density seemed to be less than at Tallahassee. Both selections of
Andropogon virginicus var. glaucus had showy bluish foliage but the
selections varied in growth habit. The form of the West Florida REC selection
was upright and arching while the USDA selection was more upright.
None of the other remaining native species performed consistently well
at both sites. However, since Agrostis hyemalis is a spring bloomer and
Chasmanthium latifolium peaks in the summer, the Oct. 3 rating was not
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completely reflective of their potential. Chasmanthium latifolium, which
is commonly available performs well under shade in the south and is
marketed as such. It was included in this study to determine its performance
under full sun. While the average rating of its appearance was usually
acceptable during the summer, foliage was more yellowish than when
grown in the shade. Ruter and Carter (4) noted that Chasmanthium
performed poorly in their evaluation (presumably in full sun) at Tifton,
Georgia. However, shade intensity (0 to 60%) did not affect foliage color
of Chasmanthium under Oklahoma conditions (2).
Significance to Industry: Of the 15 native grass entries evaluated under
low input landscape conditions in north Florida, Muhlenbergia capillaris
and Tridens flavus performed best during the first year of evaluation.
Andropogon virginicus var. glaucus, Eragrostis hirsuta, and Panicum
virgatum ‘Alamo’ had consistently high ratings but at least one plant of
each entry died the first year.
Florida Agricultural Experiment Station Journal Series No. N-02101.
Literature Cited:
1. Aitken, J. B. 1995. Evaluation of warm season perennial grasses for
low maintenance landscapes. Proc. Southern Nurs. Assoc. Res.
Conf. 40:301-303.
2. Cole, J.T. and J. C. Cole. 2000. Ornamental grass growth response
to three shade intensities. J. Environ. Hort. 18:18-22.
3. Corley, W.L. and K.R. Reynolds. 1994. Native grasses for southeastern
wildflower meadows. Proc. Southern Nurs. Assoc. Res. Conf.
39:339-340.
4. Ruter, J.M. and A.B. Carter. 2000. Ornamental grass evaluations at
NESPAL. Proc. Southern Nurs. Assoc. Res. Conf. 45:398-400.
Acknowledgements: The authors gratefully acknowledge Will Sheftall,
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assistance and support, and the farm crews of the NFREC and WFREC
for constructing the gardens at Tallahassee and Jay.
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Table 1. Native grassesz being evaluated under low input conditions at
Tallahassee and Jay, Florida.
Scientific Name

Common Name

Visual ratingy – Oct. 3, 2000
Tallahassee
1.5 ± 0.5

Jay
1.0 ± 0

Agrostis hyemalis

Ticklegrass

Andropogon virginicus
var. glaucus
(WFREC Selectionx)

Chalky Bluestem

4.3 ± 0.5

4.2 ± 1.2

Andropogon virginicus
Chalky Bluestem
var. glaucus (PMC Selectionx)

4.0 ± 1.0

3.6 ± 1.2

Aristida beyrichiana

2.7 ± 0.9

3.5 ± 1.3

Chasmanthium latifolium Indian Woodoats

2.7 ± 0.7

1.8 ± 0.8

Ctenium aromaticum

Toothachegrass

2.0 ± 0.8

2.8 ± 1.2

Eragrostis hirsuta

Bigtop Lovegrass

4.8 ± 1.7

5.0 ± 1.4

Muhlenbergia capillaris Gulf Muhly

5.7 ± 0.5

5.3 ± 0.8

Panicum virgatum ‘Alamo’ Alamo Switchgrass

6.0 ± 0.0

5.2 ± 0.8

Panicum virgatum
‘Heavy Metal’

3.8 ± 0.4

1.7 ± 0.5

Saccharum alopecuroides Silver Plumegrass

3.5 ± 1.4

3.8 ± 1.8

Schizachyrium maritimum Coastal Bluestem

3.8 ± 1.4

3.5 ± 1.0

Sorghastrum nutans
‘Lometa’

3.0 ± 1.2

4.0 ± 1.3

Sorghastrum secundum Lopsided Indiangrass

3.5 ± 0.5

4.2 ± 1.1

Tridens flavus

5.8 ± 0.4

4.7 ± 0.8

Wiregrass

Heavy Metal
Switchgrass

Lometa Indiangrass

Purpletop

z

All entries except the cultivars and Chasmanthium were derived from
seed collected from populations native to the northern half of Florida.
y
Mean visual rating (± SD) of surviving plants: 1=very poor, 2=marginally
acceptable, 3=acceptable, 4=good, 5=very good, 6=excellent.
x
Selection: West Florida REC selection derived from a native population,
or selection derived from a native population made by the USDA NRCS
Plant Materials Center, Brooksville, FL.
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Development of Tree and Landscape Ordinances
Melvin P. Garber
University of Georgia, Department of Horticulture, Tifton, GA 31793
Index Words: Tree, Green Space, Extension, Natural Resources
Nature of Work: The urbanization of America continues at an ever
increasing pace. Along with the many benefits of urbanization, there are
well documented problems such as the negative impact on the environment.
The negative impact of commercial development on the environment is
not restricted to urban areas, but includes effects on air and water quality
in rural areas. Natural resources in the urban environment must be
preserved to maintain the environmental life support system, especially
clean air and water. Environmental deterioration usually starts in small
towns and occurs slowly until a major problem occurs. Communities need
a well organized effort to preserve the quality of urban natural resources.
The effects of urbanization on our environment are becoming clearer and
provide the impetus for concrete steps to minimize the negative effects of
development. Significant impacts on the environment, documented
during rapid growth in urban areas, include: (1) increased ambient
temperature, (2) decreased air quality, (3) increased water run-off, (4)
decreased quality of run-off water, (5) altered weather patterns, and (6)
loss of aesthetic beauty/character of the community. These factors
contribute to what is referred to as “decreased quality of life”.
University scientists and extension specialists can play an important role
in assisting communities with management of their natural resources.
This is an opportunity for agricultural scientists to use their expertise to
help preserve or improve urban natural resources. The expertise of
agricultural scientists in Land Grant institutions has been applied very
effectively to rural natural resource management for almost 100 years.
The most volatile discussions regarding natural resource conservation
often occur at the rural-urban interface. This suggests that agricultural
scientists and extension specialists become more involved, on a proactive basis, to help manage the transition from agricultural use to urban
use. Recent mandates regarding Total Maximum Daily Load (TMDLs) for
water sheds require that all parties in a water shed work together to
solve water quality problems or maintain target standards.
Results and Discussion: A Tree and Landscape Ordinance can help
reduce environmental degradation associated with development in a
community. The Tree and Landscape Ordinance helps protect the
quality of air and water and the aesthetics of a community. Tree and
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Landscape Ordinances are not just for large cities experiencing environmental
problems. Small cities and communities at the early stages of growth
also need to implement an ordinance.
A properly designed ordinance implemented at an early stage of growth
can help a community avoid many of the environmental ills suffered by
larger cities. Also at the early stages of growth, the natural resources
allow for more reasonable provisions. Difficult situations arise when significant
natural resource depletion has occurred prior to initiating an ordinance. Cities at
a more advanced stage of growth usually require more stringent measures.
Tree and Landscape Ordinances are not just for cities. It is very important
for counties, especially those next to expanding cities, to have a Tree
and Landscape Ordinance. A county ordinance can help avoid much of
the environmental degradation associated with development. It may be
appropriate for the city and adjacent county to have separate ordinances.
The city, with high density development, and the county, with rural areas,
may need different provisions and emphasis.
Tree and Landscape Ordinances have been developed for a variety of
communities. University scientists and extension specialists can facilitate
development of Tree and Landscape Ordinances by becoming more involved in
the urban and county natural resource planning. Several activities include, (a)
survey development and natural resource planning situation in the
community, (b) identify groups interested in community development and
natural resource management, ( c ) become involved with local Tree
Board, (d) work with Civic Groups, (e) establish dialogue with commercial
developers, (f) develop a working relationship with city and county
officials, and (g) help establish standards for Tree and Landscape Ordinances.
Significance to the Industry: The Nursery and Landscape industry sells
most products and services to the urban market. Issues of interest to the
urban customer will impact our industry. It is important that the industry
be involved in addressing urban issues such as natural resources
conservation. Our industry has much of the products, services, and
expertise to enhance the urban environment. University personnel can
lead the cooperation with urban officials and consumers.
Literature Cited:
1. Beckett, K.P., P. Freer-Smith, and G. Taylor. 2000. Effective tree
species for local air-quality management. J. Aboriculture 26(1): 12-19.
2. Daly, J.T. 2000. Hot-lanta lives up to its name. University of Georgia
Reporter. Spring 2000.
471

SNA RESEARCH CONFERENCE - VOL. 46 -2001

Reaching Diverse Homeowner Audiences with
Environmental Landscape Programs: Comparing Lawn
Service Users and Nonusers
Glenn D. Israel and Gary W. Knox
University of Florida Extension
407 Rolfs Hall, Box 110540, Gainesville, FL 32611-0540
Index Words: environmental landscaping; practices; Extension;
demographics; lawn service users
Nature of Work: The study explores whether lawn care service users
differed from nonusers and, if so, in what ways. Lawn care service users
and nonusers are important market segments for the horticultural industry, as
well as for Cooperative Extension’s landscape education programs such
as the Florida Yards & Neighborhood (FYN) program. The FYN program’s
goal is to reduce environmental impacts associated with improper landscape design, installation and maintenance. The program integrates an
evaluation of site conditions and the use of appropriate landscape design,
plant selection, irrigation, fertilization, pest management, mowing, pruning,
and recycling practices. Understanding which homeowners attend
Extension programs and why they do so is important for realizing recruitment of and impacts on participants (Israel and Hague, 2000).
A survey instrument was developed and mailed to 887 Florida residents in 2
counties where FYN educational programs were being conducted by the Florida
Cooperative Extension Service (FCES). The survey included questions about
fertilization practices, environmental attitudes and information networks,
demographic characteristics and attributes of the residential property. Four
hundred sixty-two respondents completed the survey, a 52% response rate.
Results and Discussion: Of the 462 respondents, 113 (25%) reported
using a lawn care service. Lawn care service users differ from nonusers in
several important ways. For example, respondents living in houses with a
market value of $200,000 were twice as more likely to use a lawn care
service than those with a value of $86,000 (Table 1). Use of a lawn care
service is lowest among homeowners in their early 40s and becomes much
higher among those approaching retirement. Obviously, as elders become
infirm, they must rely on professionals to care for the lawn and landscape.
When a homeowner or a family member had some involvement in caring for
the landscape, he or she was less likely to use a lawn care service. Households in
which the homeowner or family member did not have any involvement in yard care
were much more likely to use a lawn care service, especially when the homeowner
applied fertilizer. This suggests that some homeowners are able to carry out
some yard care (i.e., fertilize the lawn) but prefer not to do the routine mowing.
Where homeowners go for information about caring for their yard was
important to distinguishing lawn care service users and nonusers. Recall
that one-quarter of all respondents reported using a lawn care service;
472

SNA RESEARCH CONFERENCE - VOL. 46 - 2001
while those who got yard care information from neighbors and friends
were predicted to be somewhat less likely (22% or 3 percentage points
less) to use a lawn care service and those who did not get yard care
information from neighbors and friends were more likely (39%) to use a
lawn care service. Similarly, almost noone (3%) was predicted to use a
lawn care service if he or she also did not obtain information from lawn
care or pest control providers. This means that homeowners who use a
service also were more likely to rely on the service for information and
many do not seek information from other sources. Finally, very few homeowners
(7%) were predicted to use a lawn care service in the absence of information
from a retail nursery/garden center or lawn care service. This reflects the
fact that many homeowners who did use a lawn care service also relied
on either the service or the nursery/center for information.
Finally, the predicted percentage of homeowners using lawn care service
was larger for those with higher scores on knowledge about nitrate
pollution than nonusers. This may reflect an association with other factors,
such as education. That is, well-educated persons are more likely to hold
professional jobs, earn higher salaries, live in more expensive homes, and
use many channels to obtain information relevant to his or her interests.
The results suggest that lawn care service users and nonusers differ in several
ways, perhaps most importantly in how each group obtains information on
caring for the yard. In order to reach the lawn care service user segment with
FYN educational information, it will be important for Cooperative Extension
to form partnerships with professionals in the lawn care service industry,
as well as retail nursery and garden center owners/managers. This means
that Extension must articulate to these potential partners how they will
benefit from a partnership with Extension. For lawn care service professionals
to make time to share information with customers or modify their business
practices, it will be important to show how FYN practices can increase
customer satisfaction and loyalty, reduce operating cost, and increase
net profit. Likewise, nurserymen and garden center managers will need
to be shown how involvement in FYN can help their business.
Significance to Industry: The nursery and landscape industries can
benefit from effective Extension programs that create better-infomed
consumers of plants and landscape services. Informed consumers will
make more appropriate choices for their landscapes which, in turn,
should lead to healthier landscapes and more satisfied customers. In
addition, informed consumers can offer opportunities for new services,
such as specialized environmental or “green” landscaping services for
professionals who wish to cultivate niche markets.
Literature Cited:
1. Israel, Glenn D. and Glenn Hague. 2000. The Challenge of Environmental Education: A Comparison of Nonparticipants and Participants
in Homeowner Landscaping Programs. Revision of the paper presented
at the annual meeting of the Rural Sociological Society in Washington,
D.C., August, 2000.
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Table 1. Predicted percent for lawn care service users and nonusers for
selected attributes.*
Users
Nonusers
Actual percentage from survey

25%

75%

Home’s market value
$86,000
$95,228 (mean)
$124,000
$200,000

20%
22%
27%
44%

80%
78%
73%
56%

Age (in years)
35
44
54
60
65
70

21%
19%
22%
27%
34%
45%

79%
81%
78%
73%
66%
55%

22%
23%
93%
51%

78%
77%
7%
49%

Obtains information from neighbors & friends
Yes
22%
No
39%

78%
61%

Homeowner/family
memberalso does
some yard care
Yes
Yes
No
No

Homeowner
applies fertilizer
Yes
No
Yes
No

Obtains information from lawn care or pest control service providers
Yes
22%
78%
No
3%
97%
Does not obtain information from a lawn care service or retail nursery/
garden center
Yes
7%
91%
No
22%
78%
Knowledge/concern score about nitrate pollution
2.5
13%
3.858 (mean)
22%
4.5
27%

87%
78%
73%

*The predicted percentages are net of other factors listed in the table and based
on a logistic regression model (Chi-square = 209.872, df =10, p = .0001). The
model accounted for 44.9% of the intercept-only model Chi-square. A number of
other factors also were examined, including gender, race, education, attitudes
toward the environment, yard care knowledge and skills, use of recommended
FYN practices, but did not differentiate users and nonusers net of those in the
table.
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Mycorrhizal Fungal Inoculation of Existing Street Trees
Bonnie Appleton, Joel Koci, Susan French, and Miklos Lestyan
Virginia Polytechnic Institute and State University
Hampton Roads AREC, Virginia Beach, VA 23455
Index Words: ectomycorrhizal, endomycorrhizal, red maple, pin oak, willow oak
Nature of Work: A majority of the tree species commonly grown by the
nursery industry and used as street trees have the capacity to form mutualistic
relations with mycorrhizal fungi. Mycorrhizal fungi are naturally growing or
artificially introduced fungi that can colonize the roots of trees, imparting
benefits including increased water and nutrient uptake, increased resistance to
environmental extremes, and increased resistance to pathogens.
The benefits of applying mycorrhizal fungal inoculants to trees would be
expected to be greatest when trees are under stress. Such stressful times
include at transplant (due to root loss), during periods of environmental
extremes (drought, excess heat), and as trees begin to mature and decline.
Likewise benefits would be expected for street trees due to the limiting
soil conditions in which many street trees grow: reduced volume, compaction,
low organic matter, low nutrient and water reserves, chemical pollution, etc.
Anecdotal reports abound, from practitioners and manufacturers, of the
benefits of introducing mycorrhizal fungal inoculants into soils surrounding
the roots of existing street trees. These inoculant products generally
contain a mixture of spores of both endomycorrhizal and ectomycorrhizal
fungi in order to provide fungi capable of colonizing most landscape species.
Carlson et. al. (1) reported no survival or growth enhancement after one
year to willow oak (Quercus phellos) inoculated at transplant. Gilman (3)
reported no impact on post-transplant stress, growth or survival after 30
months to live oak (Quercus virginiana) inoculated at transplant.
Gargaye and Churin (2) reported growth stimulation and delayed fall
yellowing of leaves when silver lime or linden (Tilia tomentosa) were
inoculated at transplant with three different mycorrhizal fungi, alone and
in combination, but significant differences did not appear until the second
year after transplanting. Martin and Stutz (4) reported that pre-transplant
inoculation of Argentine mesquite grown in containers enhanced mycorrhizal
root colonization, especially under irrigated conditions for up to one year
after transplanting. If, however, plant growth was used as a measure of
mycorrhizal symbiotic efficiency, then the isolate of Glomus intraradices
used was not very efficient because under low soil moisture content it
suppressed post-transplant growth of the mesquite.
Smiley et. al. (6) reported a significant and rapid increase in fine root growth
and ectomycorrhizal development in response to fertilizer, mycorrhizal
inoculant and a fertilizer/inoculant combination four and seven months after
475

SNA RESEARCH CONFERENCE - VOL. 46 -2001
treatment application to existing 22” to 28” diameter willow oak (Quercus
phellos), northern red oak (Q. rubra) and pecan (Carya illinoinensis). Marx
et. al. (5) reported a similar response to these same treatments six months
after their application to 2’ to 5’ diameter existing live oaks (Quercus virginiana).
Both of these studies involved only a limited number of total trees (5 and
7 respectively), and in both, multiple treatments were applied to quadrants
of roots of the same tree. Therefore, the objective of this study was to
evaluate the effects of mycorrhizal fungal inoculation of soil surrounding
established street trees using single tree replications per treatment.
Four treatments similar to those of Smiley et. al. (6) and Marx et. al. (5)
were applied to three species of established trees at different sites: water
(control), 9-45-15 water soluble fertilizer, mycorrhizal inoculant (MycorTree
Injectable plus PHC BioPak, Plant Health Care, Pittsburgh, PA), and a
fertilizer/inoculant combination. Treatments were soil injected and root-ingrowth
cores (RIC), to be used for subsequent root harvest and analysis, were
installed following the method of Marx et. al. (5). Site, tree specie, and
replication are as follows:
Site/location
Lowe’s parking lot/
Richmond, VA

Species/average diameter
Quercus palustris (pin oak)/5”

Parking lot-street median/ Acer rubrum (red maple)/5”
Chesapeake, VA
Street median/
Chesapeake, VA

Quercus phellos (willow oak)/24”

Replication
4 single trees/
treatment
4 single trees/
treatment
3 single trees/
treatment

The experimental design was a randomized complete block. Pin and willow
oaks are ectomycorrhizal and the red maple is endomycorrhizal (VAM or
AMF). Prior to inoculation, two random soil samples were taken at each site for
analysis of existing mycorrhizal fungi (Soil Foodweb Inc., Corvallis, OR).
Results and Discussion: For the pin oaks there were no significant
differences in Pisolithus tinctorius (inoculated fungus) colonization or dry
weight of roots removed from the RIC’s five months after treatments were
applied. One year after inoculation there were no significant differences in trunk
diameter or leaf chlorophyll readings (Chlorophyll Meter SPAD-502,
Spectrum Technologies, Inc., Plainfield, IL). No additional data was
obtained from this site due to owner topping of several of the trees.
RIC’s for the red maple were removed five months after treatments were
applied. The two mycorrhizal treatments significantly (.05 level) increased
the percent of roots with VAM colonization while the two fertilizer treatments
significantly (.05 level) increased root dry weight. RIC’s for the willow
oak were likewise removed after five months with no significant difference
in Pisolithus tinctorius (inoculated fungus) colonization. There was a
significant increase (.10 level) in root dry weight for the fertilizer/inoculant
combination. To date no additional data has been obtained from these trees.
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Analysis of the heavily compacted clay soil of the pin oak and willow oak sites
revealed an “acceptable” level (Soil FoodWeb rating) of pre-inoculation
colonization of roots of both species. Pre-inoculation colonization may
account for the lack of tree response to the inoculated fungus, or the
existing fungi may have prevented the inoculated fungus from colonizing.
Analysis of the likewise heavily compacted clay soil of the red maple site
revealed a “high” level of pre-inoculation colonization of the roots which
may account for the fact that the only significant root growth increase
came from the two fertilizer treatments.
Significance to Industry: Some benefits may be derived from the
inoculation of soil surrounding existing street and landscape trees. If
increased growth is used as a reflection of benefits, the positive inoculation
response may not appear during the first year after transplanting. The
type and time of response may depend on other post-transplant factors
such as fertilization, irrigation and the presence of native mycorrhizal
species. Prior to inoculating a site with mycorrhizal fungi it may be
advisable to have the soil and existing tree roots analyzed to determine
the existing level of colonization in order to make a more informed
decision relative to applying a mycorrhizal fungal inoculant. It is also
important to assure that adequate bacterial activity also exists in the soil.
Bacterial activity can be determined at the same time as mycorrhizal
fungal assessment. Soil bacteria are important for retaining nutrients,
improving soil structure, serving as a means of cycling nutrients back into
plant-available forms, and being part of the soil foodweb.
Literature Cited:
1. Carlson, J., Powell, M.A. and S.L. Warren. 2000. Can mycorrhizae
improve tree establishment in the landscape? Proc. SNA Res. Conf.
45:405-407.
2. Garbaye, J. and J.L. Churin. 1996. Effect of ectomycorrhizal inoculation at
planting on growth and foliage quality of Tilia tomentosa. J. Arboric. 22:29-34.
3. Gilman, E.F. 2001. Effect of nursery production method, irrigation,
and inoculation with mycorrhizae-forming fungi on establishment of
Quercus virginiana. J. Arboric. 27:30-38.
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Martin, C.A. and J.C. Stutz. 1994. Growth of Argentine mesquite inoculated
with vesicular-arbuscular mycorrhizal fungi. J. Arboric. 20:134-138.
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Marx, D.H., Murphy, M., Parrish, T., Marx, S., Haigler, D. and D. Eckard. 1997.
Root response of mature live oaks in coastal South Carolina to root zone
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Highway Landscapes And Departments of Transportation:
Economics Or Aesthetics?
Forrest Stegelin
University of Georgia, Dept. of Agricultural & Applied Economics,
Athens, GA 30602-7509
Index Words: wildflowers, roadside maintenance, perennials, costs, mowing
Nature of Work: County governments and states’ departments of
transportation are constantly reviewing costs of doing the business of
controlling roadside vegetation. Some of these agencies contract with
individuals to control this vegetation, while other government agencies or
departments maintain the equipment and employ the personnel to do the
necessary service work. Regardless, roadside vegetation management
is big business requiring monetary outlays.
Estimating these maintenance costs on a per mile basis is difficult.
Differences in roadside width (range from about ten feet of shoulder per
side of county road to 35 - 50 feet of each roadway shoulder plus a
median on limited access or interstate highways), variations in terrain,
various types of vegetation, and the presence of hidden obstructions (i.e.,
rocks, tree stumps, litter or debris, survey stakes) all make estimating these
costs, at best, uncertain. Further complicating the task of estimating
these costs is the multiple choice decision of which technique for controlling
roadside vegetation should be used: mechanical (tractor mowing), cultural
(hydro-seeding orplanting), biological, or chemical (pre-emergence and sprays).
Mechanical control using tractors and mowers has been the historical
mainstay to roadside vegetation management. However, cultural control
using either perennial plantings of large-to-medium sized shrubs or
hydro-seeding and/or broadcast seeding of wildflowers or annuals mixes,
or some combination of the two (shrubs/small trees and wildflower beds)
has become increasingly prevalent. This roadway landscaping is being
seen especially in high density population and high density commuter
traffic miles of divided state and federal highways.
The benefits cited for wildflower plantings along roadways and in medians
are that such plantings beautify public rights of way, improve water quality
before it reaches drainage ditches, aid in erosion control, provide citizen
enjoyment, reduce roadside mowing, attract butterflies and honey bees,
and help control invasive noxious weeds. Planting perennials, such as
crape myrtles, cannas, leyland cypress, and photinias, in medians have
an additional benefit as a safety barrier to deflect or impede out-of-control
vehicles from crossing the median into oncoming traffic, thereby providing
the intangible service of saving lives. But at what cost is this cultural
control? And how does it compare with mechanical control on an annual
basis? Is either biological or chemical control cheaper than the mechanical
or cultural controls?
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Budgets for mechanical control (mowing), cultural control (sowing
wildflower or tree/shrub plantings), and chemical control (truck mounted
spraying) were developed to compare annual costs of roadside vegetation
control. These cost estimates could then be used by either individuals
who contract with county or state departments of transportation to make
appropriate bids for performing the service or by county governments or
state departments of transportation in seeking appropriate levels of
funding to perform the service themselves.
Results and Discussion: An unpublished budget estimate by the
Georgia Department of Transportation indicates its costs of mowing
roadsides to be approximately $40 per acre. This estimate is for state
highways and interstates which typically have better landscaped roadsides than do county roads. The task of converting the $40 per acre cost
to a linear expenditure, i.e., per mile or per thousand feet, still remains.
An 8.2-foot wide strip one mile in length contains approximately one acre
of land. Mowing an 8-foot strip for one mile on one side of the roadway
one time only then costs the state about $40, by its estimate. Mowing
both sides two 8-foot mower widths three times a year suggests an
annual mowing cost of nearly $500 per mile.
Updating an earlier estimate by Givan and Caldwell (Controlling Roadside
Vegetation Is Big Business and Expensive, 1996) indicates the following
costs per mile (one pass) for mechanical control by roadside mowing at
2.5 mph ground speed:
Tractor, 40 hp, with 6-foot rotary mower
Tractor, 80 hp, with 15-foot bat wing mower
Tractor, 75 hp, with 50-inch boom rotary mower

$ 36.00
$ 66.36
$ 76.81.

The state highway and interstate roadsides are usually mowed three
times annually, with the typical complement of equipment being twice
with a bat wing mower and two rotary mowers and once with one each of
the three units cited above. Without consideration for a highway median,
the annual cost to mow both sides of a roadway for a mile exceeds $
911. A median adds approximately $140 per pass per mile, or $420
annually to the budget estimate, for a total annual mowing cost of $1,332
per mile for divided highway roadside vegetation control.
Cultural control by sowing wildflowers follows the typical scenario of
selecting a site in early spring with adequate soil and six to eight hours of
full sunshine, removing existing vegetation and adding compost to the
soil surface, tilling the soil site, broadcasting or hydro-seeding the
wildflower seed mix, roller pressing the sowed area, keeping the area
moist for six to eight weeks, and managing for weed invasion as the
season progresses. After the seeds set in late summer of early fall, the
site is mowed to about six inches, and, with any luck at all, the following
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spring will find many of the seeds germinating and the wild flowers
self-proliferating. If an insufficient germination occurs, the process described is
repeated. Planting perennial shrubs, etc. in the fall is a one-time cost
except for the occasional replacement due to loss by various means.
The annual cost of site preparation, sowing, and maintaining a 20' x
1,000' wildflower bed approximates $370 ($200 for seeds and $170 for
bed prep, etc.). This is the annual equivalent to mechanical mowing
using a 15-foot bat wing mower and a 6-foot rotary mower on three
passes for one-fifth of a mile, which would be budgeted at $81.60 for a
20' x 1,000' area using the earlier mechanical control cost estimates.
Planting perennial large-to-medium sized shrubs and small trees in a 20'
x 1,000' median in a diamond or trapezoid shape 20-foot by10-foot
requires 151 plants. Site preparation, plant costs, the cost of the tree or
shrub delivered to the site, and maintenance for one year is budgeted at
$10,950 for the 20' x 1,000' site for the first year. Assuming an initial 5%
plant loss annually, eight trees/shrubs will be replaced at an annual cost
of $580 for the block.
Neither planting perennial shrubs/trees nor wildflowers is cost advantageous
to mowing for roadside vegetation control. If economics is the true measuring
stick for selection of control methods, then chemical control should be
the technique of choice. At $40 per mile to apply herbicides in a 20-foot
width using a truck mounted sprayer, or $320 per mile of roadway (both
sides, two passes each, twice a year), chemical control is cheapest. For
the 20' x 1,000' strip, the budgeted cost is $15.20 per year for two spray
applications.
Significance to the Industry: Although cultural control for roadside vegetation
management is becoming more prevalent along state highways and limited
access interstate highways, the annual costs per linear measurement far
exceed the costs budgeted for either the mechanical control (mowing) or
the chemical control (spraying). So why are these cultural controls of
sowing wildflower seeds or annuals mixes and planting trees or shrubs in
medians so commonly used in the Southern states by Departments of
Transportation? The social, environmental, and safety benefits mentioned
earlier apparently outweigh the calculated economic costs. Therefore, the
nursery industry should seize the momentum by sourcing pollutant-tolerant,
drought- and full-sun tolerant, heavy-soils tolerant perennials suitable for
roadway medians and roadsides to state departments of transportation.
Literature Cited:
1. Givan, William and William Caldwell. 1996. Controlling Roadside
Vegetation Is Big Business ... And Expensive. AGECON96-054.
University of Georgia Department of Agricultural and Applied Economics
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Enhancing Delaware Highways: A Natural Vegetation Project
Susan Barton
Department of Plant and Soil Sciences
Townsend Hall, University of Delaware, Newark, DE 19717-1303
Index words: Roadside, right-of-way, wildflower, warm-season grasses
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 are evaluating vegetation models for aesthetic impact,
installation and maintenance practicality and economic input. Roadside
rights-of-way represent large reserves of public space and open land and
provide an opportunity for attractive landscaping on a large scale. Enhancing
Delaware Highways is in the process of developing and introducing
alternatives to current roadside management strategies. Traditionally,
states have invested significant resources in roadside vegetation
projects, focused on “wildflower plantings” requiring annual reseeding or on
exotic landscape plantings with high installation and maintenance costs.
This project is using a series of pilot plots located on Delaware roadsides to
investigate: 1) installation and maintenance procedures for roadside vegetation;
2) horticultural success of vegetation strategies; and 3) public preference
for roadside vegetation alternatives. The project is also relying heavily on
an extensive literature review to select appropriate methods of establishing
roadside vegetation. Pilot plots consist of three different types of
vegetation: 1) warm season grass and perennial forbs (native grasses and
forbs are mixed in a meadow landscape either in a completely random meadow
or in broad sweeps of monocultures to create strong design statements); 2)
cutback shrubs (vigorous shrubs that tolerate periodic mowing are planted to
create masses for design impact and to compete with invasive exotic species);
and 3) permanent woody vegetation (woody vegetation is used to provide a
background for cutback shrubs, grasses and forbs). Establishment methods
include: seed establishment, plug establishment, planting woody species,
cessation of mowing to allow the process of natural succession, removal
of existing species to create order in a natural landscape.
Results and Discussion: Literature review:
Site preparation: Weed interference is often cited as the primary obstacle
to establishment of seeded wildflowers, prairie forbs, and grasses (2,
9,10,11,12). Site preparation for new seeding starts with removal of the
existing vegetation. Most experts recommend the use of a nonselective,
nonresidual herbicide, such as glyphosate (4,7,11,15).
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The imidazolinone herbicides (imazethapyr and imazapic (Plateau))
appear to have some potential for use with both warm season grass
establishment and establishment of some native forbs. These herbicides
control a wide range of broadleaf and grassy weeds and possess both
foliar and soil activity (12,20). Round-Up and Plateau are complimentary
because Round-Up controls cool season grasses growing at the time of
application but provides no residual control. Plateau provides residual
control of leafy spurge and annual weeds and is tolerated by a number of
warm season grasses and legumes (13). But, switchgrass (Panicum
virgatum), an important warm season grass, does not tolerate Plateau (21).
Deep tillage that pulls up new weed seed can compromise plantings and
should be avoided. But, researchers in MA and NE found that some type
of surface scarification was required for successful seed establishment
(5,19). Scarify soil no deeper than 1/2 inch to reduce weed and erosion
problems (7,11,15). Packard and Mutel do not recommend tillage under
most situations, but if the weed cover is particularly dense, plowing may
be required (16).
Warm season grasses, while formerly prevalent, can be difficult to
establish. Establishment guidelines from six states (NE, MO, OH, KY,
PA, VA) differ in their recommendations about seed dormancy and
planting date. They agree that warm season grasses require two years
for establishment, can be planted by conventional or no-till methods,
require good weed control and do not require supplemental nitrogen.
Research has shown that the development and expression of dormancy
cannot be generalized for warm season grasses (17).
Seeding rates vary with equipment used and conditions of a particular
location. Five pounds per acre of perennial forbs with five to ten pounds of
native grasses can get good results when linked to good site preparation
and favorable weather (7). Henderson suggests using 2 lbs. quick
establishing seed, 2 lbs. legumes, 4 lbs. wildflowers and 10 lbs. warm
season grasses (8). When seeding warm season grasses only, Miller
and Dickerson (1999) recommend between 18 and 35 lb/acre, with the
high range for broadcast or hydroseeding applications. For small or
difficult to plant areas, plugs or vegetative material may be the most
effective way of establishing native vegetation. Eastern ecotypes are
available and there is a greater chance of establishment success with
plugs than with seeds (3).

Planting: Since native forb and grass seed has a variety of shapes, sizes
and covers (fuzzy or slick), most practitioners have found that planting is
more successful with seed drill equipment with multiple seed boxes
(3,18)).
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Maintenance: Mowing is the simplest method of assisting establishment
of new grass stands. The goal is to reduce the shade pressure that the
weeds are exerting and secondarily to keep the weeds from producing
seeds. A high (6-8”) mowing once or twice during the first season
reduces competition and opens up the canopy for emerging seedlings
(7,16,17). Other experts suggest many mowings during the first year (6),
maintaining the vegetation at 6 inches (1,3,4).
Conclusions from pilot plots: Species evaluation: Cephalanthus
occidentalis is the only shrub tested that survives in standing water. In a
highly competitive test plot the following species had less than 50%
survival—Cercis canadensis, Cornus florida, Ilex opaca, Nyssa sylvatica,
Magnolia virginiana. Establishment procedures: When glyphosate was
used for site preparation, early successional weeds were more prevalent
during the first season following seedling, but in subsequent years the
seeded forbs were more prominent, the ground layer more open and
there was much less competition from existing cool season grasses.
Spring seeding of mixed forbs resulted in a much greater density of
desirable species than a dormant seeding.

Aesthetics: Large masses of single species are more effective than
mixed species plantings when viewed along the roadsides at moderate
to high travel speeds. Random patterns from seeding leave no apparent
order when forbs are not flowering. Masses of plugs are better suited to
creating patterns. Tree and shrub removal can be very effective for
creating an ordered structure on a site with attractive existing vegetation.
Strategic use of mow strips is critical for achieving a maintained appearance and
providing visibility of desired species.
Public perception: The Roadside Impressions Study was the first
attempt at gathering public opinion data. Three survey groups were
asked to view a series of twelve roadside vegetation images that had a
combination of design properties (color, order, maintained look, background,
and natural look). Participants will be asked to evaluate the desirability
and perceived costs of each image. Scene 1 was a bed of annual
cosmos. This type of planting is regarded as popular with the traveling
public. But, DelDOT is looking for an alternative to this costly method of
highway vegetation. Each scene therefore was contrasted to scene 1.
Scenes 2 and 12 were rated as significantly more attractive than scene
1. Scenes 3, 7, 10 and 11 were as attractive as scene 1 and scenes 4,
5, 6, 8 and 9 were less attractive than scene 1. Scenes 6 and 7 were the
only scenes rated as less appropriate for roadside planting than scene 1.
This indicates a variety of options that might be acceptable replacements
for expensive beds of annual flowers in the public’s opinion.
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Scenes with color, scenes with order, and scenes with a background
were rated as significantly more appropriate for roadside planting than
scenes without those characteristics.
Delaware Speaks Out: A statewide survey was conducted by Delaware
Cooperative Extension. Delaware Speaks Out revealed that Delawareans
notice the impact of roadside plantings. Respondents believe that
plantings along the roadside have a moderate, significant or major
impact (58%) on short trips but more impact (78% responded with
moderate, significant or major impact) for long trips (one hour or more).
Approximately 50 percent of respondents expressed some support to
spending state tax dollars to beautify Delaware roadways and 12 percent
expressed strong support. The following table shows the public’s
perception of the appeal of different types of roadside vegetation.
Table 1. Appeal of Scenes Along DE Roadways
Scene

Low Appeal (1)

Mowed grass
Unmowed grass
Billboards
Industrial sites
Office complexes
Wooded areas
Wetland area
Open meadow
Colorful flowers
Shrub thickets

3
55
47
51
3
8
3
1
1
2

(2)

(3)

(4)

5
22
23
24
8
2
7
3
1
4

19
11
22
17
32
16
25
21
9
21

40
5
3
3
34
41
35
37
29
33

High Appeal (5)
31
3
1
2
19
36
27
35
57
38
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Characterizing the Potential Invasiveness of Ornamental
Plants in the Florida Landscape
Sandra B. Wilson and Patrick C. Wilson
University of Florida, IFAS, Indian River REC, Fort Pierce, FL 34945
Index Words: Invasive exotic plants, nutrient use efficiency, CO2 assimilation,
Ruellia brittoniana, Mexican petunia, germination.
Nature of Work: Invasive exotic plant species have collectively disrupted
thousands of acres of natural ecosystems throughout Florida. Because
some of these species were originally introduced as ornamentals, it
would be useful to determine if practical methods can be developed to
assess the potential invasiveness of non-native plant species prior to
their introduction. Most invasive plants characteristically 1) grow and mature
rapidly, 2) produce large numbers of seed, 3) have highly successful seed
dispersal, germination, and colonization strategies, 4) rapidly spread
vegetatively, and/or 5) threaten to out-compete native species (FLEPPC,
2001). Therefore, a critical component of any screening protocol is the
knowledge of seed production, germination, and viability of the target
species. In addition, nutrient uptake and photosynthetic efficiency may
reflect the potential invasiveness of a plant. The potential invasiveness of
Mexican petunia (Ruellia brittoniana) Leonard ex Fernald was investigated.
This perennial species, native to Mexico, has escaped cultivation in Florida
(Wunderlin, 1998) and has been designated recently as a Category I
invasive species by the Florida Exotic Pest Plant Council (FLEPPC). By
definition, FLEPPC classifies a plant species as category I when shown
to alter native plant communities by displacing native species, changing
community structures or ecological functions, or hybridizing with natives
(FLEPPC, 2001). Still, Ruellia is widely sold by the nursery industry and
prized by consumers for its purple, pink or white flowers, fast growth, and
minimal care requirements.
Ruellia seed was collected and germinated in incubators with light or
darkness at 10, 15, 24 and 33oC (50, 59, 75 and 91oF) for 28 days.
Individual treatments for all incubator germination experiments consisted
of five replications of 25 seeds placed on two sheets of Whatman filter
paper moistened with distilled deionized water containing a fungicide. In
addition to incubator treatments, greenhouse studies (23.7/35.5oC) (75/
96oF) were conducted using 10.2 cm (4 inch) pots filled with a soilless
mix. Seeds were placed on the soil surface or 1 cm (0.4 inch) below the
soil surface. A separate experiment was conducted to evaluate the
influence of soil moisture content on growth, nutrient use efficiency and
photosynthesis of Ruellia. Newly rooted Ruellia cuttings were placed in
a grow room under metal halide lamps and grown in acid-washed sand
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maintained in dry (18-28% moisture) and wet (82-100% moisture)
conditions for 6 weeks. Soil moisture content was measured and adjusted twice a day using a HydroSense‰ time domain refractometer.
Growth measurements included leaf area, stem length, seed pod production,
and root/shoot dry weights. Nitrogen- and phosphorus-use efficiencies were
calculated as:
([Dry Weight]6 weeks - [Dry Weight]0 weeks)
Use Efficiency = ————————————————
([N or P]6 weeks - [N or P]0 weeks)
Net CO2 assimilation (photosynthesis) was measured at 0, 2, 4, and 6
weeks using a PP Systems CIRAS infrared gas analyzer. At 0 and 6
weeks, total nitrogen and phosphorus were analyzed within leaf, stem
and root tissue.
Results and Discussion: Ruellia seeds germinated as early as day 4
when planted in the greenhouse. There was no significant interaction
between light and temperature treatments (P=0.160) for seed germination
in the incubators. Main treatment effects showed that light increased
germination by 36% as compared to seeds that germinated without light.
Highest germination in the incubators was obtained at 15oC. In the greenhouse,
germination rates were comparably higher (91-97%), regardless of whether
seeds were planted above or below the soil surface.
Seed pod production of plants grown in wet conditions was over three
times greater than that for plants grown in dry soil conditions (Table 2).
This is significant given the high germination rate of the seed, and the
fact that each seed pod contained approximately 20 seeds. Chlorophyll,
photosynthesis, leaf area, and root dry weights were not affected by the
differing moisture conditions at 6 weeks (Table 2, Figure 1). However,
stem length and shoot dry weights were 1.41 and 1.38 times, respectively,
greater for plants grown under wet conditions. Nitrogen-use efficiency
was similar under both moisture regimes, suggesting that uptake and
availability wasn’t significantly affected by soil moisture content (Table 2).
However, phosphorus-use efficiency was 1.39 times greater for plants
grown under the drier soil conditions. In effect, the plants grown under
wet conditions absorbed 1.9 times more phosphorus than those grown
under drier conditions, but only produced 1.38 times more dry matter, thus
accounting for the lower nutrient use efficiency for the former. The lower
phosphorus-use efficiency under wet conditions was likely due to increased
storage of phosphorus, and decreased utilization for dry matter generation.
Significance to Industry: The development of screening protocols is
necessary for evaluating the invasive potential of new ornamental
species prior to introduction. Species with highly invasive characteristics
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(i.e., high production, dispersal, germination, and viability of seeds,
aggressive vegetative reproduction, lack of natural predators, and/or
frequent flowering cycles) warrant caution before thousands of nursery
dollars are spent marketing, optimizing production, and distributing plants
that may require eradication in the future. Ruellia brittoniana has several
invasive qualities, but the degree of invasiveness may be cultivar specific.
Current research is investigating the invasive potential of eight Ruellia cultivars.
Literature Cited:
1. Florida Exotic Pest Plant Council. 2001. List of Florida’s most
invasive species. http://www.fleppc.org/01list.htm.
2. Wunderlin, R.P. Guide to Vascular Plants of Florida. University
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Table 1. Germination rate of Ruellia after 28 days in controlled greenhouse
(24/36oC) (75/96oF) or incubator (10, 15, 24 and 33oC) (50, 59, 75 and
91oF) conditions. Mean separation by Duncan’s MRT at P=0.05.
Greenhouse temp. (oC)
24/36
24/36
Incubator temp. (oC)
——
——
10
15
24
33

Planting depth

Germination (%)

1 cm below soil surface
Soil surface

91.2 a
96.8 a

Light (12 hr photoperiod)

Germination (%)

Yes
No
——
——
——
——

33.2 a
24.4 b
6.0 c
67.6 a
39.2 b
2.4 c

Light
Temp
Light*temp

0.0496
0.0001
0.3294
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Heat and Flooding Stresses in Taxus and Cephalotaxus
F. Todd Lasseigne, Stuart L. Warren, Frank A. Blazich, and Thomas G. Ranney
NC State University, Dept. of Horticultural Science, Raleigh, NC 27695-7609
Index Words: yews, plum-yews, environmental plant stresses.
Nature of Work: In the northern United States, southern Canada, and
throughout Europe, yews are important ornamental landscape plants used
for foundation plantings, topiary, and hedging (3). No other plants match
the tolerance displayed by these evergreens to regular shearing, which
creates hedges or topiary of very fine texture (1). Of the yews in cultivation,
the most commonly grown taxa are: English yew (T. baccata L.), used
primarily throughout Europe; Japanese yew (T. cuspidata Sieb. & Zucc.),
valued in the United States for its cold hardiness; and Anglojapanese yew (T.
xmedia Rehd.), a hybrid between T. baccata and T. Cuspidata and grown
widely throughout the northern U.S. and southern Canada (3). Plum-yews
(Cephalotaxus sp.) are used to a much lesser extent than yews, but offer
promise due to their tolerance of sun, shade, cold, heat, and browsing by
deer (5). In contrast, yews are notorious for their preference by deer (4).
Conventional views hold that yews are inherently intolerant to high temperatures.
This hypothesis has not been tested, but may hold true for northerly species
such as T. canadensis Marsh. Since Cephalotaxus is known to exhibit high
degrees of heat tolerance (4, 5), this might offer a contrast to those Taxus
exhibiting poor heat tolerance. Lack of adaptability of yews to the southeastern
United States may also be related to soil aeration. Since both Taxus and
Cephalotaxus are regarded as being intolerant of poor drainage (2, 4),
exposure of plants to a flooding regime also offers a useful assessment
of potential adaptability to southeastern United States growing conditions.
Therefore, the objectives of this study were to determine physiological and
growth responses to different day/night temperatures and flooding regimes
(flooded or nonflooded). The study included a wide range of Taxus species
native to different geographical regions [T. canadensis, T. chinensis (Pilg.)
Rehd., and T. floridana Nutt. ex Chapm.] as well as commonly grown cultivars
of T. xmedia (‘Brownii’, ‘Densiformis’, and ‘Tauntonii’). These cultivars of T.
xmedia were included since they may have a differential tolerances to high
temperature. Cephalotaxus harringtonia (Forbes) K. Koch was also added
to evaluate both its purported heat tolerance and flooding intolerance.
In early Spring, all plants were moved into the NC State University
Phytotron in one of three climate-controlled greenhouses maintained at
the following 8 hr day/ 16 hr night temperatures: 22/18, 26/22, and 30/26
o
C (72/64, 79/72, and 86/70 oF). Plants were grown under natural
photoperiod. The experimental design consisted of a randomized
complete block design with a factorial arrangement of treatments: 3
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greenhouse temperatures x 2 flooding regimes (flooded or nonflooded) x
7 taxa of yews or plum-yew x 2 harvest dates x 6 replications (per harvest)
= 504 total plants. Flooding treatment was imposed for 30 days and were
commenced at budbreak, which was determined by the investigators.
Results and Discussion: Response both to flooding regime and temperature
varied by taxa. Plants of T. floridana grew poorly in all three greenhouses, even
before flooding treatments were initiated. This may reflect possible cold injury
in a cold frame in which all plants were overwintered prior to being moved
into the NCSU Phytotron. On the other hand, T. xmedia ‘Densiformis’ and
‘Tauntonii’ grew rapidly, even under the 30/26 oC (86/79 oF) regime. Taxus
chinensis and T. canadensis responded poorly to flooding, with most plants
dying or exhibiting severe dieback. Nonflooded plants of T. canadensis
grew vigorously throughout the experiment, except near the termination
of the study, when most plants in the 30/26 oC (86/79 oF) chamber died.
Significance to Industry: Fundamental aspects of stress physiology in
woody landscape plants remain poorly understood. A large body of literature
exists on cold hardiness of a wide range of plants; yet little information is
available on most other plant stresses (including both flooding and high
temperature). In experimenting with a group (yews) that has exhibited
mass-market appeal in other parts of the United States and the world,
interesting species-specific differences in plant response both to flooding regime
and temperature were observed. However, although T. xmedia ‘Densiformis’
exhibited vigorous growth and tolerated sustained periods at 30 oC (86 oF) under
controlled conditions of this experiment, these observations do not relate
to actual landscape performance in the Piedmont of North Carolina. Thus,
further field testing to confirm or reject some of these observations is warranted.
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Improving Adaptability of Cupressaceae
with Stress-tolerant Rootstocks
Bradley T. Holland, Stuart L. Warren, and Thomas G. Ranney
NC State University, Dept. of Horticultural Science Raleigh, NC 27695-7609
Index Words: environmental stress, Chamaecyparis, falsecypress,
Thuja, Platycladus, arborvitae, flooding, temperature, inundation aeration.
Nature of Work: The genus Chamaecyparis is extremely diverse with over
240 cultivars of Chamaecyparis lawsoniana alone (7) . Many Chamaecyparis
are native to cool, temperate climates. Therefore, they often perform poorly
in stressful landscape situations, particularly under conditions of poor drainage
(low soil aeration) and high temperatures (2). Inadequate soil aeration is not
limited to flooded soils but is a problem with many trees and shrubs growing
in fine-textured soils, particularly during active growth (6). Raulston (10) stated
that the key to plant adaptability was root survival under wet, hot conditions.
Flooding affects trees at all stages of growth and development. Plant
response to flooding varies with duration, intensity, and plant tolerance of
flooding. A reduction of photosynthesis and stomatal conductance are
often early indicators of plant stress to flooding (9). Longer term responses
include inhibition of shoot, cambial, and root growth and often, death (6).
Grafting poorly adapted plants onto superior rootstocks is one approach
for engineering compound plants for greater environmental adaptability.
This approach has been used successfully extensively for fruit trees (11).
Since Chamaecyparis species exhibit considerable ecological latitude
with species found in cool, mountain climates (e.g., C. nootkatensiss,
etc.) while others are native to hot, boggy conditions (e.g., C. thyoides)
(2, 8), this approach (selection of tolerant rootstock) may have particular
merit. Opportunities for rootstock selection for Chamaecyparis also extend
beyond this genus. Limited experimentation has found that Chamaecyparis
spp. can be grafted onto a range of different genera including Thuja,
Platycladus, Cupressus, and X Cupressocyparis (1, 5). Thuja plicata, T.
occidentalis, T. plicata x standishii, C. thyoides, and X Cupressocyparis
leylandii, in particular, have demonstrated good adaptability to rigorous
landscape conditions and may well serve as superior rootstocks for
poorly adapted Chamaecyparis species (2). Therefore, the objective of
this research was to evaluate potential rootstocks for Chamaecyparis
spp. with greater adaptability to low soil aeration and high temperatures.
Cuttings of each species were collected in early December 1999 from
the JC Raulston Arboretum, Raleigh and the Biltmore Estate, Asheville.
In April, 70 rooted cuttings of each species were potted into 2.8 L (#1)
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black plastic containers in a 8 pinebark : 1 sand (by vol.) substrate
amended with dolomitic limestone at 0.9 kg/m3 (2 lbs/yd3 ) and placed on
a gravel pad at the N.C. State University Horticulture Field Lab. On June
1, plants were moved to the Southeastern Plant Environment Laboratory
(Phytotron) where two thermoperiods were initiated the following day
(day 0) using controlled-environment greenhouses (3). The thermoperiods
were 9 / 15 hr 30 oC / 26 oC (86 oF / 79 oF) or 22 oC / 18 oC (72 oF /
64 oF). Plants were arranged in a 10 x 2 factorial in a randomized
complete block design using 10 single plant replications per treatment in
each thermoperiod. The two main factors were 10 taxa (Chamaecyparis
lawsoniana; Lawson falsecypress; C. nootkatensis, Alaska cedar; C.
obtusa, Hinoki falsecypress; C. Pisifera, Japanese falsecypress; C.
thyoides, Atlantic whitecedar; X Cupressocyparis leylandii, leyland
cypress; Platycladus orientalis, Oriental arborvitae; Thuja occidentalis,
Eastern arborvitae; T. ‘Green Giant’; and T. Plicata, giant arborvitae) and
2 flooding periods (0 or 28 days). Flooding treatment was accomplished
by inserting the growing container into an identical container lacking
drainage holes, resulting in the substrate being covered by 2 cm (0.8 in)
of water. Flooding was initiated on July 31 and terminated 28 days later.
On Oct. 15, shoots (aerial tissue) were removed. Roots were placed over a
screen and washed with a high pressure stream to remove substrate. Shoots
and roots were dried at 62oC (144oF) for 7 days and weighed. At day 0, 5
plants of each taxa were separated into shoots and roots to determine
initial shoot and root dry weights. Relative growth rate (RGR) for each
species was calculated as follows: RGR = (ln w2 – ln w1) ÷ ( t 2 – t 1),
where w1 and w2 are plant part dry weight at t1 and t2. Weekly growth
rate (WGR) for each species was calculated as follows: WGR = (Final
plant part dry weight – Initial plant part dry weight) ÷ 19. Data were subject
to analysis of variance procedures. Mean separations were performed using
Fishers protected least significant difference (LSD) procedures, P< 0.05.
Results and Discussion: Trees that were not flooded had 100% survival
regardless of species and temperature (Table 1). Flooded trees of Chamecyparis
thyoides, C. lawsoniana, and Thuja occidentalis also had 100% survival
regardless of temperature. Three additional species (Platycladus orientalis,
Thuja X ‘Green Giant’, T. Plicata) of flooded trees in 22/18C had 100% survival,
whereas no additional species of flooded trees in 30/26C had 100% survival.
C. nootkatensis had the lowest survival in 22/28C (67%) and 30/26C (58%).
This was expected based on its native habitat. Survival data suggested
there are several possible candidates for flood-tolerant rootstocks.
Shoot and root RGR and WGR had similar results so only root RGR will
be presented (Table 2). At 22/18C, C. lawsoniana and C. thyoides had
similar RGRs with only a 21% and 10% decline between non-flooded and
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flooded plants, respectively, whereas X Cupressocyparis leylandii and C.
Nootkatensis had the largest decline in root RGR from non-flooded to
flooded trees 213% and 55%, respectively. The good performance of C.
lawsoniana in flooded conditions was surprising considering its native
habitat. This suggests that the poor landscape adaptability of C.
lawsoniana may have less to do with intolerance to poor drainage and
more with intolerance to other stresses (e.g. Phytophthora spp.).

C. thyoides performed well in both non-flooded and flooded conditions
regardless of temperature (Table 2). C. thyoides was expected to perform
well in warm, flooded conditions since its native habitat is fresh-water
swamps or bogs, wet depressions, and stream banks (2). T. X ‘Green
Giant’ and C. lawsoniana also performed well when flooded in 22/18 with
percent decline of 11 and 21 compared to non-flooded trees, respectively.
However, even though T. X ‘Green Giant’ and C. lawsoniana were also
ranked 2 and 3 in flooded conditions at 30/26C, the percent decline climbed
to 46% and 43%, respectively. The remaining 7 species had > 50% decline
in root RGR in flooded conditions at 30/26C compared to non-flooded trees.
This research documented a wide range of tolerance to root-zone flooding
among different Cupressaceae suggesting potential opportunities for
using more stress tolerant rootstocks to propagate different taxa in this
family. Chamaecyparis thyoides demonstrated excellent tolerance to
flooding and could be a desirable understock for other Chamaecyparis
spp. when grown in poorly drained locations. However, long-term graft
compatibility of these plants needs to be determined. Furthermore,
recent molecular data has provided new insights into the relatedness and
taxonomic relationships of many of these plants. For example, Gadek, et
al. (4) presented compelling evidence that Chamaecyparis nootkatensis
should be reclassified in the genus Cupressus. Considering this, other
species of Cupressus, Cupressus hybrids, and even Juniperus could be
desirable understocks for Chamaecyparis (Cupressus) nootkatensis.
Significance to the Nursery Industry: Chamaecyparis are premier
ornamental plants that are used extensively in landscapes around the
world. However, poor adaptability to rigorous landscape conditions often
limits the use of these plants in stressful sites. This research found a
wide range of tolerance to root-zone flooding among different members
of the Cupressaceae that are potential understocks for Chamaecyparis
spp. This should provide an effective means for enhancing adaptability
and tolerance to environmental stresses by exploiting superior taxa for
use as rootstocks. Future research will focus on interspecific and
intergeneric graft comparability among these plants.
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Table 1. Effect of temperature and flooding on percent plant survival.
22 / 18oC
30 / 26oC
Species
Non-flooded Flooded
Non-flooded Flooded
Chamaecyparis 100
100az
100
100 a
lawsoniana
C. nootkatensis
100
67 d
100
58 e
C. obtusa
100
92 b
100
67 d
C. pisifera
100
91 b
100
92 b
C. thyoides
100
100 a
100
100 a
X Cupressocyparis 100
83 c
100
91 b
leylandii
Platycladus
100
100 a
100
90 b
orientalis
Thuja X ‘Green Giant’ 100
100 a
100
83 c
T. Plicata
100
100 a
100
75 d
T. Occidentialis
100
100 a
100
100 a
z

Means within columns followed by the same letter or letters are not significantly
different as determined by LSD, P = 0.05.

Table 2. Effect of temperature and flooding on root relative growth ratez.
Species
Non-flooded
Rank
Flooded
Rank
% declinez
22/218oC
C. lawsoniana
103 ay
1
81 ab
2
21
C. thyoides
97 a
2
87 a
1
10
C. nootkatensis
69 b
3
31 cd
6
55
T X ‘Green Giant’ 65 cb
4
58 bc
3
11
T. plicata
54 bcd
5
43 cd
5
20
T. occidentalis
47 cde
6
28 c
7
40
C. pisifera
40 de
7
24 d
8
40
Platycladus
33 ef
8
43 cd
4
30
orientalis
X Cupressocyparis 16 fg
9
-18 e
10
213
leylandii
14 g
10
4e
9
13
C. obtusa
30/26oC
C. thyoides
97 a
1
79 a
1
22
C. lawsoniana
74 b
2
42 b
2
42
T X ‘Green Giant’ 50 c
3
27 bc
3
46
C. nootkatensis 49 c
4
2 efg
7
104
T. plicata
46 cd
5
-25 h
10
154
Platycladus
46 cd
6
23 bcd
4
50
orientalis
30 de
7
3 def
6
90
C. pisifera
T. occidentalis
25 ef
8
9 cde
5
64
X Cupressocyparis 15 g
10
-23 g h
9
53
leylandii
C. obtusa
9f
9
-13 fgh
8
244
% decline = [(RGR non-flooded - RGR flooded) ÷ RGR non-flooded] X 100.
Means within columns followed by the same letter or letters are not significant
different as determined by LSD, P = 0.05.

z
y
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Organic Amendments In A Clay Soil Affect Pansy Growth
R. Crofton Sloan and Richard L. Harkess
Mississippi State University, Mississippi State, MS 39762
Index Words: Soil amendment, landscape beds, organic amendment
Nature of Work: The objectives of this research project were to identify
soil amendments composed of byproducts of Mississippi’s forest and
agriculture industries capable of improving plant growth in poorly drained
clay soils. Adding nitrogen to soil amendments increases the cost of the
product. This study was designed to evaluate the effectiveness of nitrogen
added to pine bark for use as a soil amendment. Tillage depth required to
maximize plant growth in plant beds was also evaluated. The use of
Mississippi forestry and agricultural byproducts in soil amendments will
benefit the state’s natural resources industry, as well as property owners
and landscape professionals. This study evaluated the effects of two
tillage depths, 10.2 cm (4 inches) and 20.3 cm (8 inches), and addition of
pine bark based soil amendments at 7.6 cm (3 inches) and 15.2 cm (6
inches) on soil properties of a clay soil and the subsequent growth response of
landscape plants in the amended plots. There were three soil amendment
treatments. 1) Pine bark (.95 cm maximum) was treated with 1% N as
anhydrous ammonia and 0.5% iron. The anhydrous ammonia was applied to
the bark by a commercial process. 2) Pine bark (.95 cm maximum) was
composted with cotton gin waste in a 2:1 ratio. The cotton gin waste had a
fertilizer analysis of 3% nitrogen, 1% phosphorus and 2% potassium. 3)
Pine bark was screened to a .95 cm maximum size.
The two rates of amendment application were 7.6 cm (3 inches) and 15.2
cm (6 inches) deep on the plots while the control rate of application was
zero. The plots measured 4.6 m x 1.2 m (15 x 4 feet), so the volume of
soil amendment added to the plots for the 7.6 cm (3 inches) and 15.2 cm
(6 inches) rates was .42 and .84 m3, respectively. Although no amendment
was added to the plot in the control treatment, soil from the drive middle
between the plots was added to the plots to raise the surface of the plots
up to the level of the plots that had amendment added.
Wood byproducts are readily available in Mississippi. Bark, sawdust, or
other wood byproducts used as a soil amendment may provide long term
beneficial soil changes making otherwise unsuitable soils acceptable for
landscape plant growth (1). Addition of organic material improves clay or
sand soils to be used as planting beds. Organic materials decompose
which provides food sources for soil organisms. The diversity of the soil
fauna and flora increases with expanded food sources. One end result of
decomposition is humic acid. Humic acid improves the ability of the soil
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to retain nutrients and to release previously unavailable nutrients (2).
Addition of bark soil amendment may not increase pore space in a soil
until a large enough percentage of the volume consists of bark. The soil
might fill in the macropore space between the bark particles or the bark
might ‘float’ in the soil until the threshold proportion of bark is reached
(3). Rounded amendment particles such as river sand or gravel tend to
pack tightly compared to sharp, pointed particles such as crushed sand,
bark, sawdust, and peat. Macropores are not created (3). The amount of
amendment needed to exceed the threshold for increased porosity could
be quite high, as much as 75-90% by volume and is influenced by the
particles of bark’s shape and size (3). Addition of soil amendment will not
result in increased pore space until the threshold is reached. There has
to be enough amendment to create enough pore space so that the soil
particles do not fill the pores (4).
Results and Discussion: Soil bulk density, gravimetric water content,
and soil compaction were improved by the addition of pine bark based
soil amendments. 15.2 cm (6 inches) of soil amendment were more
effective than 7.6 cm (3 inches) in altering soil properties. Growth of Viola
x wittrockiana, ‘Purple Rain’ pansy, during the 1999-2000 winter growing
season was enhanced by 15.2 cm (6 inches) pine bark plus nitrogen, 7.6
cm (3 inches) pine bark plus nitrogen, and 15.2 cm (6 inches) pine bark
plus cotton gin waste soil amendments. This was not observed in the
2000-2001 growing season due to severe cold during December which
impeded pansy growth. The single effect on growth due to soil amendment
treatments during the 2000-2001 growing season was that plants grown
in beds amended with 7.6 cm (3 inches) pine bark were smaller than
plants grown in control plots. Tillage depth of 20.3 (8 inches) cm did
result in greater flower production during the 2000-2001 pansy growing
season compared to 10.2 cm (4 inches) tillage.
Significance to the Industry: Growth of Viola x wittrockiana, ‘Purple
Rain’ pansy, was enhanced by the addition of 15.2 cm (6 inches) of pine
bark soil amendment but not by the addition of 7.6 cm (3 inches) of pine
bark amendment. Soil amendments composed of pine bark impregnated
with nitrogen resulted in greater pansy growth compared to pine bark
amendment without nitrogen.
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Table 14. Growth response of Viola x wittrockiana ‘Purple Rain’ to soil
amendment measured on three dates.
Growth Index
Growth Index Dry weight per
plant (g)
Soil
(cm3) w January (cm3) z March
May 3, 2000
Amendment
4, 2000
27, 2000
Control
1630.0 c
10997 d y
86.4 c z
PB 3
1540.5 c
6986 d
75.0 c
PB 6
1464.6 c
7217 d
87.4 c
PBN 3
2556.2 a
21181 bc
118.6 ab
PBN 6
2907.9 a
32475 a
132.7 a
CGW 3
1917.9 bc
13746 cd
107.6 b
CGW 6
2369.5 ab
23395 b
113.9 b
LSD 0.05
582.9
8247
18.2
Tillage
10.2 cm
20.3 cm
LSD 0.05

2212.0 a
1897.7 a
NS

16159 a
17103 a
NS

98.6 a
107.1 a
NS

Growth Index = π • r2 • h
Mean comparison within columns by Fisher’s Protected LSD at P=0.05.
Means with the same letter do not differ.
z
y
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Fall and Spring Landscape Performance of
African Marigold Varieties
Allen Owings, Gordon Holcomb, Drew Bates, and Anthony Witcher
LSU AgCenter, Dept. of Horticulture, Baton Rouge, LA 70803
Index Words: Marigolds, landscape performance
Nature of Work: The LSU Agricultural Center has been actively pursuing
landscape plant performance trials over the last several years. This has
primarily concentrated on annual bedding plants. While interest in marigolds
among gardening consumers and commercial landscapers has decreased
in recent years, there is still the potential to determine performance of many
of the African marigold varieties for fall adaptability in the landscape.
African marigold varieties growing in jumbo cell packs were transplanted
on September 20, 2000 and April 15, 2001 into raised landscape beds at
Burden Center in Baton Rouge, LA. Bed material was aged pine bark
amended with 10% sand (by volume). Plants were planted on 12-16 inch
centers and arranged in a randomized complete block by varieties with
24 plants per variety. Plants were located in full sun and were irrigated as
needed to prevent stress throughout the evaluation period. Fertilizer
(StaGreen Nursery Special 12-6-6) was applied by broadcasting 1.0 lbs
N/1000 square feet immediately after both planting dates. Series of
marigold varieties evaluated included Discovery, Atlantis, Galore, Inca,
Jubilee, Medallion, Perfection, Crush, and Antigua.
Visual quality ratings were determined October 15 and November 1 for the
fall 2000 planted marigolds and May 1, May 15, and June 1 for the spring
2001 planted marigolds. The ratings were based on a scale from 1 to 5 with
1=worst, 5=best. Included in this evaluation was growth habit, foliage color/
appeal, and flower quality. Ratings in the fall 2000 planting were terminated
due to killing frost. Ratings in the spring 2001 planting were terminated due
to plant decline caused by heavy rainfall in early June. Plants were also
observed for petal spot, lodging (stem breakage), and spider mite infestation.
Results & Discussion: Visual quality ratings did not reveal significant differences
between varieties. General trends indicated that the Antigua, Atlantis, Perfection,
Inca, and Discovery series were slightly superior. The Crush and Galore series
were comparable in performance. The Medallion series performed unsatisfactorily.
Lodging (stem breakage/weakening) was observed in the fall 2000
planting. The Crush series and Guys and Dolls had no lodging on
November 1. Slight lodging was evident on the Discovery series with
moderate lodging on the Antigua, Galore, Atlantis, Perfection, and Inca
series. Lodging was very significant on Double Eagle and Gold Coins
Mix, along with the Medallion and Jubilee series. Lodging was also most
evident on the Jubilee and Medallion series in the spring 2001 planting.
Petal blight was observed on the Medallion series in the fall 2000 planting.
This was the only group with major petal blight incidence prior to the first
killing frost. In the spring 2001 planting, the Medallion series also has a
large infestation of spider mites.
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Significance to Industry: Conducting landscape trials to evaluate performance
of annual bedding plant varieties provides useful information for greenhouse
crop producers, retail garden center personnel, landscapers, and the
gardening consumer. African marigolds in Louisiana have potential use
as a late summer/early fall warm season bedding plant. Good performance
can be obtained at this time of year if heavy rainfall (which leads to petal
blight and lodging) can be avoided. Dead-heading will be required maintenance.
African marigold trials at the LSU Agricultural Center will continue through 2002.
Table 1. Visual quality ratings of African marigold varieties
Fall 2000
Spring 2001
Variety
October 15
November 1
May 1 May 15
June 1
Crush Papaya
Crush Pineapple
Crush Pumpkin
Discovery Orange
Discovery Yellow
Antigua Gold
Antigua Primrose
Antigua Orange
Antigua Yellow
Antigua Mix
Atlantis Orange
Atlantis Primrose
Atlantis Yellow
Inca Gold
Inca Orange
Inca Yellow
Inca Mix
Galore Gold
Galore Orange
Galore Yellow
Perfection Gold
Perfection Orange
Perfection Yellow
Perfection Mix
Medallion Orange
Medallion Yellow
Medallion Mix
Jubilee Diamond
Jubilee Orange
Jubilee Mix
Guys and Dolls
Gold Coins Mix
Crackerjack
Doubloon Yellow
Double Eagle

4.0
4.0
4.0
4.0
4.0
3.5
3.5
3.5
3.5
3.5
3.5
3.5
4.0
3.0
3.0
3.0
3.0
3.0
3.0
3.5
3.5
3.5
4.0
3.5
3.0
2.5
3.0
3.0
3.0
3.0
3.5
3.0
3.0
3.0
3.0

3.5
3.5
3.5
4.0
4.0
3.5
3.5
3.5
3.5
3.5
3.5
4.0
4.0
3.5
3.0
3.0
3.5
3.0
3.0
3.5
3.5
3.5
4.0
3.5
2.5
2.5
2.5
3.0
3.0
3.0
3.5
3.0
3.0
3.0
3.0

3.0
3.5
3.0
3.5
3.0
3.5
3.5
3.0
3.0
3.5
3.0
4.0
4.0
4.0
4.0
4.0
4.0
3.5
3.5
3.5
4.0
4.0
4.0
3.0
2.5
2.5
2.5
3.0
2.5
2.5
2.0
3.0
3.0
3.0
3.0

3.5
3.5
3.0
4.0
3.5
4.0
4.0
4.0
3.5
3.5
4.0
4.0
4.0
4.0
4.0
4.0
3.5
4.0
4.0
4.0
4.5
4.5
4.5
4.0
2.0
2.0
2.0
3.5
3.5
3.0
2.5
3.0
3.0
3.0
3.0

3.5
3.5
3.0
3.0
3.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
2.0
2.0
2.0
2.5
3.0
2.5
2.0
3.0
2.5
3.0
2.5

NOTE: visual quality ratings based on a scale from 1 to 5 with 1=worst,
5=least. Included in this evaluation was growth habit, foliage color/appeal,
and flower quality.
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Micronutrient Concentrations for ‘El Toro’ Zoysiagrass
James N. McCrimmon
Louisiana State University, Dept. Of Horticulture, Baton Rouge, LA 70803
Index Words: Zoysiagrass, Zoysia japonica, Micronutrients, Nitrogen, Potassium
Nature of Work: Zoysiagrass is a warm season turfgrass that is adapted
to the very warm humid, warm humid, warm semiarid, and transition
zones of the United States (3, 6). It is utilized as a lawn turfgrass and
may be used on golf course tees and fairways and parks. Zoysiagrass
has stolons and rhizomes which enables it to form a very dense stand of
turf. It has a deep root system, and it has both excellent heat and
drought hardiness. When maintained under the proper cultural and
climatic conditions, it forms a uniform, dense, and high quality turfgrass.
Despite many positive attributes, zoysiagrass has not been utilized in
Louisiana and the Gulf States that much. This may be attributed to a
slow rate of establishment, a tendency to form thatch, and the lack of
availability of plant material.
‘El Toro’ is a cultivar of Japanese lawngrass (Zoysia japonica Steud.) that
was released in the 1980’s by the University of California, Riverside. It is
characterized by having a coarse leaf texture similar to ‘Meyer’ and a
faster establishment rate than most other zoysiagrasses (7). Compared
to ‘Meyer’, it has better cool season color and an earlier spring green-up
(7). It has a lower thatch production compared to other zoysiagrasses
and has a very high resiliency once established. The stiffness of the
stems and leaves allows it to provide a high quality turf and to be somewhat
resistant to wear. There is the potential for zoysiagrasses to be utilized
more in the Gulf Coast states as a lawn grass and on golf courses (5, 6).
The levels of micronutrients for turfgrasses vary depending on the type of
turfgrass being used, how it is managed, the fertility, and the growing
conditions. General sufficiency ranges for both macronutrients and
micronutrients in turfgrasses have been established (8). There has been
minimal work regarding micronutrient concentrations in warm season
turfgrasses (3, 11). Most of the data has been for bermudagrass (1, 11)
with some limited data on lawn turfgrasses such as centipedegrass and St.
Augustinegrass (2). Few studies have presented data for zoysiagrass (4, 9).
The objective of this study was to determine the micronutrient concentrations for
‘El Toro’ zoysiagrass under different nitrogen and potassium treatments.
Studies were initiated on established turfgrass plots of ‘El Toro’
zoysiagrass in July of 1996 at the Burden Research Center in Baton
Rouge, LA. Treatments began in July and continued through November.
The treatment combinations consisted of high (H) and low (L) rates of
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nitrogen (N) and potassium (K) at the following levels: N levels of 454 and 227 g
N/93 m2/month (1.0 and 0.5 lb N/1000 ft2/month) and K levels of 454 and
227 g K/93 m2/month. The treatment combinations were (N and K): HH,
HL, LH, and LL. All fertility treatments were applied in 2 split applications
each month in order to provide half of the total N and K amount for each
treatment at any one application. The study was a randomized complete
block design with 3 replications. Individual plots were divided into four sub-plots
with N applied in one direction and K applied in a perpendicular direction.
Plots received two applications of a micronutrient fertilizer (June and August),
were irrigated as needed, and maintained at a height of 3.8 cm (1.5 inch).
Plant tissue samples from each plot were collected in late August, dried
for 72 hours at 75oC (167oF), and then ground. Samples were analyzed
for the following micronutrients: boron (B), copper (Cu), iron (Fe), manganese
(Mn), and zinc (Zn). The data analysis utilized the GLM procedure of
SAS and the LSD test was used for means separation (10).
Results and Discussion: There were no significant differences for any
micronutrient under any treatment for ‘El Toro’ zoysiagrass (Table 1).
This indicated that, under the conditions of this study, N and K did not
have an effect on the resulting micronutrient concentration in the plant.
The HH treatment resulted in having the highest concentrations of each
micronutrient, although it was not statistically different from any other treatment.
Micronutrient sufficiency ranges for different turfgrasses under various
cultural practices and fertility regimes have not been precisely established.
Jones (1980) presented ranges for turfgrasses in general but stated that
the values were based on observations and were not equally applicable
to all turfgrasses or every growing situation. In the present study, the
concentrations for boron (sufficiency range of 10-60 ppm), copper (5-20
ppm), and manganese (25-150 ppm) were within the sufficiency range
(8) under all treatments (Table 1). Iron concentrations were considerably
above the range (35-100 ppm) for all treatments and was over 400 ppm
under the HH treatment. Zinc concentrations exceeded the range (20-55
ppm) for all treatments, also.
Significance to Industry: There were no differences for the micronutrient
concentrations for ‘El Toro’ zoysiagrass under the nitrogen and potassium
treatment combinations. This indicated that, under the conditions of this
study, micronutrient concentrations were not affected by N and K treatments.
The high levels of certain micronutrients such as iron and zinc resulted in
no detrimental effects on turfgrass quality or growth. More research is
needed to determine adequate sufficiency ranges for micronutrients for
various turfgrasses that are utilized for different purposes and that are
under various management and fertility programs.
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Table 1. Micronutrient concentrations for ‘El Toro’ zoysiagrass under
high and low nitrogen and potassium rates.
Nitrogen and Potassium Treatments
Nutrient

HH

HL

LH

LL

ppm
Boron

15.5 1

14.4

14.4

13.1

Copper

19.2

16.9

17.4

16.3

Iron

473.8

288.8

296.5

266.5

Manganese

147.9

114.1

137.8

125.7

Zinc

94.9

80.5

67.1

68.9

1

There were no significant differences based on LSD mean separation
test, alpha = 0.05.
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‘Raleigh’ St. Augustinegrass Micronutrient
Concentrations in Response to N, K, and Mowing
James N. McCrimmon
Department of Horticulture
Louisiana State University, Baton Rouge, LA 70803
Index Words: St. Augustinegrass, Stenotaphrum secundatum, Nitrogen,
Potassium, Mowing
Nature of Work: St. Augustinegrass [Stenotaphrum secundatum (Walt.)
Kuntze] is utilized extensively as a turfgrass for home lawns from the
Carolinas to Florida and throughout the Gulf Coast states and into Texas.
It is best adapted to areas with mild temperatures during the winter months
and is tolerant of high temperatures during the summer (3, 6). St.
Augustinegrass is utilized primarily for home and commercial lawns and
will provide an acceptable stand of turf under moderate maintenance
levels. When maintained at a higher maintenance level, St. Augustinegrass
provides a denser and greener stand of turf with better overall quality (6).
‘Raleigh‘ is the most commonly utilized cultivar of St. Augustinegrass
throughout Louisiana, at this time. It has excellent cold and shade
tolerance. It spreads rapidly by stolons, is medium to dark green in color,
has medium to coarse leaf texture, and has very good shoot density (5).
‘Raleigh’ has been utilized throughout the state since it has such good
cold tolerance and is readily available from sod farms and nurseries.
There have been few studies that have reported micronutrient data for
warm season turfgrasses (1, 2, 4). Several studies have reported
micronutrient data for bermudagrass (1, 4) but there is very limited data
for St. Augustinegrass (2). The levels of micronutrients for turfgrasses may
vary depending on the type of turfgrass being used, how it is managed from
a fertility standpoint, and the growing conditions. General sufficiency ranges for
both macronutrients and micronutrients have been established for turf (7).
Limited research has been carried out on the effects of mowing and nitrogen
and potassium fertility on ‘Raleigh’ St. Augustinegrass in Louisiana. The objective
of this study was to evaluate the effects of mowing height, nitrogen, and
potassium on the micronutrient concentrations of ‘Raleigh’ St. Augustinegrass.
A study was initiated on established turfgrass plots of ‘Raleigh’ St.
Augustinegrass in the spring of 1996 at the Burden Research Center in
Baton Rouge, LA. The study was a completely randomized design with 3
replications. It was a 2x2x2 factorial with the factors being: high (H) and
low (L) mowing heights; high (H) and low (L) rates of nitrogen (N); and
high (H) and low (L) rates of potassium (K) at the following levels:
mowing heights of 5 cm (2 inches) and 7.5 cm (3 inches); N rates of 454
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and 227 g N/93 m2/month (1.0 and 0.5 lb N/1000 ft2/month); and K rates
of 454 and 227 g K/93 m2/month (1.0 and 0.5 lb K/1000 ft2/month). The
treatment combinations were (mowing, N, and K): HHH, HHL, HLH, HLL,
LHH, LHL, LLH, and LLL. Nitrogen applications were made in one
direction and K applications made in a perpendicular direction across
plots each month from May through October. All plots received applications
of a micronutrient fertilizer (June and August) and were irrigated as
needed. The plots were mowed at the specified heights with a rotary
mower, and all clippings were removed.
Plant tissue samples were collected in late August from all plots. The tissue was
dried for 72 hours at 75oC (167oF) and then ground. Plant samples were
then analyzed for the following micronutrients: boron (B), copper (Cu), iron
(Fe), manganese (Mn), and zinc (Zn). The data analysis utilized the GLM
procedure of SAS and the LSD test was used for means separation (8).
Results and Discussion: There were significant differences among the
mowing, nitrogen, and potassium treatment combinations for only boron
and zinc for ‘Raleigh’ St. Augustinegrass (Table 1). The HHL treatment
had the highest B concentration and was different from only the HLH and
LLH treatments, and had the highest Zn concentration and was different
from the HLH and HLL treatments (Table 1).
Although micronutrient sufficiency ranges for different turfgrasses under
various management practices and fertility regimes have not been
precisely established, Jones (1980) presented ranges for turf but stated
that these values were based on observations and were not equally
applicable to all turfgrasses or every growing condition. In the present
study, most of the micronutrient concentrations for ‘Raleigh’ are within
the sufficiency range (7) for a given micronutrient under any given
treatment (Table 1). With one exception, boron concentrations were
below the sufficiency range (10-60 ppm) but usually B deficiency is not a
concern or problem in turfgrass situations so the values presented here
are most likely acceptable. Concentrations of copper and manganese
were within the sufficiency ranges of 5-20 ppm and 25- 150 ppm, respectively,
for all treatments. The iron concentrations were above the range (35-100
ppm) for three treatments (HHL, LHL, and LLH). Iron concentrations for
turfgrasses may vary considerably and may exceed the range with no
apparent negative effects to the turf (2, 3). Zinc concentrations exceeded
the range (20-55 ppm) for three treatments (HHL, LHH, and LHL).
Significance to Industry: There were few differences for the micronutrient
concentrations for ‘Raleigh’ St. Augustinegrass under the mowing,
nitrogen, and potassium treatment combinations. Generally, the values
were within the sufficiency range for a given micronutrient. This indicated
that, under the conditions of this study, micronutrient concentrations were
not affected greatly by mowing height, N, or K, and that any given
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treatment resulted in acceptable levels of a given micronutrient in the
plant. Since there is very limited data for micronutrients of turfgrasses, more
work is needed in order to establish sufficiency ranges for micronutrients for
different turfgrasses under various management and fertility regimes.
Literature Cited:
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Table 1. Micronutrient concentrations for ‘Raleigh’ St. Augustinegrass
under different mowing height, N rate, and K rate treatment combinations
for August of 1996.
Mowing N

K

B

Cu

Fe
Mn
Zn
ppm
H
H
H
7.87 ab 1 8.29
76.00
75.33
41.97 ab
H
H
L
13.30 a 10.71 126.67 81.33
72.10 a
H
L
H
7.30 b
7.89
74.33
64.40
40.00 b
H
L
L
8.20 ab 8.04
70.67
61.07
37.33 b
L
H
H
7.80 ab 9.56
98.00
71.37
52.53 ab
L
H
L
8.27 ab 9.26
112.67 82.73
56.20 ab
L
L H
7.53 b
7.71
101.00 65.60
47.93 ab
L
L
L
7.73 ab 10.75 91.33
70.93
48.37 ab
LSD
5.76
NS
NS
NS
30.35
1
Means within columns followed by the same letter are not significantly different
according to the LSD mean separation test at the alpha = 0.05 level.
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Ornamental Performance of Leaf Lettuce Cultivars
Drew Bates, Allen Owings, and Anthony Witcher
LSU Agricultural Center, Baton Rouge, LA 70894
Index Words: Leaf lettuce, edible ornamental, landscape performance
Nature of Work: As urban gardening has become more popular so has
interest in growing leaf lettuce. Compared to head lettuce, leaf lettuce is
quicker to mature, less prone to disease and more nutritious. Because
of its relatively fast growth, leaf lettuce can provide a continuous harvest
from late October to mid-February, if planted at two-week intervals. In
addition to producing fresh produce throughout the winter, the variety of
color and texture among leaf lettuce cultivars can add to the beauty of the
ornamental garden. Tests were conducted at the LSU AgCenter’s Burden
Research Station in Baton Rouge to evaluate the suitability of different
leaf lettuce cultivars for use as an edible ornamental in small urban gardens.
Eleven commercially available leaf lettuce cultivars were started from seed the
first week in October 1999 and transplanted to raised beds the first week
in November. Twenty-four plants of each cultivar were planted 12 inches apart
in a block arrangement. Plants were fertilized at planting with 2 pounds
N/1000ft2 StaGreen Nursery Special 12-6-6. A topdressing at one-half the
planting rate was applied in mid-December. Irrigation was provided as needed
by micro-spray emitters. No pesticides were applied during the trial period.
Cultivars evaluated in the trial included Vulcan, Simpson Elite, Galactic,
Waldman’s Dark Green, Redina, Royal Oak, Carisma, Red Sails, Lollo Rossa,
Red Salad Bowl, and Cerize (Table 1). Visual quality was rated bi-weekly on a
scale of 1 to 5 where 1 = very poor and 5 = excellent. Insect and disease
resistance was recorded bi-weekly on a scale of 1 to 5 where 1 = low resistance
and 5 = high resistance. The average height and width of plants in each cultivar
block were recorded at 75 days (December 15). The date of bolting was
recorded as the first observation of stem elongation associated with flower
initiation.
Results and Discussion: All cultivars had excellent visual quality and pest
resistance ratings up to their recommended date of maturity (49 to 58 days)
and continued to perform well for up to 90 days (December 1). Vegetative
growth began to decline from 90 to 120 days, at which time plants began to
bolt. By February 15 (135 days) all cultivars were in the full stage of
flowering. Visual quality for all cultivars was very poor by March 1 (150
days) at which time the trial was terminated. The visual quality ratings for each
cultivar (Table 2) are average values of measurements taken from December
1 to February 15. Therefore, the rating is an indication of a cultivar’s longevity
and overall ornamental performance beyond the optimum harvest date.
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Visual quality, flowering date, average height, average width, and insect
and disease resistance of leaf lettuce cultivars are shown in Table 2.
Galactic and Redina rated the highest for visual quality and insect and
disease resistance. Carisma and Red Sails had very good visual quality
ratings and excellent disease resistance, although insect resistance for
Carisma was lower than Red Sails. Cerize and Lollo Rossa had good
visual quality ratings and excellent insect resistance, although both had
the lowest disease resistance among all cultivars. All cultivars except
Simpson Elite, which had slight leaf burn, were undamaged by freezing
weather on December 16 (29 F) and January 5 (28 F). Vegetative growth
began to decline from 90 to 120 days and plants began to bolt. By
February 15 (135 days) all cultivars were flowering.
Significance to Industry: Results of the trial suggest that all the leaf
lettuce cultivars evaluated are good candidates for the cool-season
garden and could be successfully promoted by retail garden centers as
an “edible ornamental” for small urban gardens.
Table 1. Summary of cultivar characteristics.
Cultivar
Galactic

Leaf Color
Dark red

Redina

Intense red

Royal Oak

Dark green

Vulcan

Brilliant red

Simpson Elite

Light green

Red Salad Bowl Wine red

Waldman’s Dark Dark green
Green

Characteristics
Developed for baby leaf harvest. Like Redina
but a bit smaller, frillier, slightly darker red, and
2-3 days slower to bolt. 30 days baby,
58 days full size.
The reddest variety of the Grand Rapids type.
Color is an intense candy red, with green butt.
Pliable, non-brittle ribs. Slow to tipburn.
29 days baby, 55 days full.
Highly rated for baby leaf harvesting. Large
broad plant with low density and slow
bolting. 28 days baby, 50 days full.
Combines earliness, color, size, and flavor.
Crisp and mild. Ruffled slightly frilled leaves
are candy apple red over a light green
background. 28 baby, 52 days full.
Extra-slow bolting. More ruffy, slower-growing,
and much slower bolting than Black Seeded
Simpson. 53 days full.
Highly rated for baby leaf. Deeply lobed,
delicate oak-like leaves form a full rosette.
Slow to bolt. 28 days baby, 51 days full.
Dark green, frilled, ruffled leaves form a wellbunched head. Standard green leaf lettuce of
the produce trade. 28 days baby, 49 days full.
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Carisma

Medium green

Heavily frilled , medium green leaves
tipped with a strong, warm red. Good for
garnishes and salad mix. Slow to bolt.
30 days baby, 51 days full.
Deep burgundy Taste stays mild for a long time without
red over green bitterness. 1985 All-America Winner.
Slowest-bolting red leaf lettuce. 29 days
baby, 55 days full.
Deep wine red Oakleaf. Highly rated for baby leaf. More
solidly red colored than Red Salad Bowl
with fuller, more compact head. 28 days
baby, 51 days full.
Medium green Medium green leaves tipped with red
heavily frilled edges. Mild flavor, Italian
variety good for garnishes. Slow to bolt.
30 days baby, 53 days full.

Red Sails

Cerize

Lollo Rossa

Table 2. Visual quality, flowering date, average height, average width, insect
resistance, and disease resistance of leaf lettuce cultivars (1999-2000).
Cultivar

Visual
Quality1

Flowering
Date2

Height
Width
Insect
(Inches) (Inches) Resist.3

Disease
Resist.3

Galactic

5.0

Feb 1

12

12

5.0

5.0

Redina

5.0

Feb 1

9

11

5.0

5.0

Royal Oak 4.8

Feb 1

12

12

4.8

4.2

Vulcan

Jan 15

8

12

5.0

5.0

Simpson Elite 4.7

Jan 1

8

12

4.5

4.2

Red Salad Bowl 4.5

Feb 15

12

14

5.0

4.5

Waldman’s 4.2

Jan 15

9

12

5.0

4.2

Carisma

4.0

Jan 15

10

12

3.5

5.0

Red Sails

4.0

Feb 15

12

14

4.0

5.0

Cerize

3.8

Feb 15

9

12

5.0

3.3

Lollo Rossa 3.2

Feb 15

8

10

5.0

3.7

1,3
2

4.7

1 = very poor, 2 = poor, 3 = good 4 = very good, 5 = excellent
Flowering date: Recorded every two weeks.
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Use of Air Excavation of Roots in Research, Extension,
Education and Commerce
Susan French and Bonnie Appleton
Virginia Polytechnic Institute and State University
Hampton Roads AREC, Virginia Beach, VA 23455
Index Words: Aeration, root collar, root crown, root location, root
pruning, root structure, transplanting, trenching, vertical mulching
Nature of Work: It has been said that the best mirror of a plant’s health
is its roots. Often it might be desirable to view all or a portion of a plant’s
roots, whether during a research project where treatments were used that
might impact root growth, or for evaluation of a client’s declining plant. Until
recently, however, there have been few options that allowed observation of
in-ground roots without causing irreparable damage to the roots, or without
expending considerable labor or expense for careful root excavation.
Root-viewing options in the past have included bare rooting small
container-grown plants, constructing rhizotrons to allow nondestructive
viewing of small portions of roots, or excavating roots manually or with
water. Manual excavation is very slow and requires the person performing
the excavation to either bend over or kneel for long periods of time. Soil
is carefully removed from the roots either by hand, or with a trowel or other
small digging tool. An alternative, excavation with high-pressure water, is
messy because mud that is created must generally be suctioned away.
Both manual and water excavation often result in damage to the roots.
A new method of root excavation involves the use of large volumes of
high-pressure air. Air excavation equipment that is beginning to be used
in the tree care industry evolved from water and air vacuum excavation
units originally developed for the utility industry for removing soil from
around underground pipes and cables (2). The difference between the
utility “air knife” or “air lance” and the tools currently used by arborists is
the supersonic nozzle on their excavation tools. This special nozzle
keeps air focused in a limited area vs. being expanding out in all
directions after exiting the knife shaft.
Supersonic air excavation is 30-70% faster than hand excavation (4),
moves more soil, and allows digging in harder soil. Also, though it can
penetrate and dislodge peds or large clumps of soil and blow them away,
air from arboricultural excavation tools does little to no damage to tree
roots because roots are relatively nonporous compared to soil. The
stream of air exiting the tools cannot enter root tissue or remove root
bark unless the roots are dead, decaying, or have been previously
damaged, and are therefore more porous.
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Results and Discussion: Air excavation tools are beginning to be used
in plant root research. One use is to efficiently remove soil from roots
dug and positioned above ground at the termination of a research project
(1). The tool used in this cited research project was an AIR-SPADE
(Concept Engineering Group, Verona, PA; www.air-spade.com).
A second use is to remove soil from around all or a portion of the roots of plants
in a research project where it is desirable to view root growth on a periodic basis,
but where digging, removing or damaging the roots is undesirable. Roots can
be excavated and observed or measured, then the excavated soil replaced
to allow the roots to continue to grow undisturbed for future observation.
Air excavation tools can be used for extension and education projects to
show how roots grow, and how they respond to various environmental
factors and cultural treatments. Within the horticultural industry they can
be used in a variety of ways (3, 4):
•

Root collar/crown excavation – removal of soil from the root collar or
root crown area to reduce problems such as buttress root decay, root
diseases, and rodent feeding.

•

Soil aeration and/or replacement – allows for aeration or removal of
compacted soil and replacement by less dense, organically rich soil,
or compost. More effective than augering because more of the root
system can be impacted, and than radial trenching or vertical mulching
because it is much faster.

•

Diagnosis – exposure of roots can reveal problems related to malformed
roots (girdling, J-roots, matted roots), grafted roots, decay, pathogens,
saturated or compacted soil, and restricted soil volume. Especially
valuable where above ground signs and symptoms may be inadequate
for making a diagnosis.

•

Root location – exposes the location of roots when decisions need to
be made about locating trenches, footings and foundations, etc. After
root location it may be possible to beneficially relocate the hardscape,
the roots, or both.

•

Trenching – avoids making injurious cuts to large roots when irrigation
systems, utilities, lightning protection, ground conductors and other
items need to be installed below ground.

•

Root pruning – allows for clean cutting roots before or during digging
or construction vs. ripping roots by cutting them with backhoes,
trenchers, rock cutters, etc.
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•

Root structure analysis - allows for careful visual inspection of
entire buttress roots, and drilling to determine the extent of decay
that may be present.

•

Transplanting - will assist with moving large shrubs and trees
because plants can be bare rooted to reduce the weight of soil
normally associated with a transplanted root ball.

Significance to Industry: Roots of shrubs and trees growing in the
nursery or landscape can now be excavated virtually undamaged using
large volumes of high-pressure air that pass through a supersonic
nozzle. Air excavation tools have a variety of uses in plant research, and
in extension and education programs. In the nursery and landscape
industry they also have practical uses ranging from root collar excavation
of shrubs and trees planted too deep, to bare root transplanting of large
trees, to remediation of compacted soil.
Literature Cited:
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Exposure and Plant Size Affect Landscape
Establishment of Kalmia latifolia
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, container-grown, woody ornamental, mountain laurel
Nature of Work: Of frequent concern to landscapers and nursery growers
is survival of woody ornamentals following transplanting. Successful transplant
establishment depends on many factors. Landscape exposure can influence
plant growth and development, especially in plants adapted to shade conditions
(1, 2, 7). Two broadleaved evergreen species, Buxus L. sp. (boxwood) and Ilex
x meserveae S.Y. Hu (blue holly), exhibited most growth when grown on northern
compared to southern exposures (3, 4, 5). Soil and air temperatures differ
depending on exposure and may account for differences in plant performance.
Transplant size may also affect survival. Smaller trees can eventually
equal or surpass growth of larger trees transplanted at the same time (6).
The root : shoot ratio is often lower in large container-grown plants, which
can mean lower water absorbing capabilities compared to transpiration
rates and may result in poor performance.

Kalmia latifolia L. (mountain laurel) is a broad-leaved evergreen shrub
with excellent ornamental value and many commercially available
cultivars. Unfortunately, it frequently does not survive transplanting from
containers into the landscape. To improve landscape survival and
establishment of transplanted mountain laurel, research was conducted
to determine the effect of transplant size and exposure (north, south, east,
or west) on transplant success and subsequent growth of mountain laurel.
Research was conducted at the Horticulture Field Laboratory, North Carolina
State University, Raleigh. Exposures in four directions (north, south, east, and
west) were provided by square structures constructed from four panels of
1.8 (6 ft) x 2.4 m (8 ft) spruce fencing material. In May 1999, plants of K.
latifolia ‘Olympic Wedding’ in 1-, 7.6-, and 19-L (1 qt, 2 gal, and 5 gal)
containers were planted in two parallel rows in tilled plots adjacent to each
side of a structure with one plant of each size per row. Six structures were
constructed, each structure representing a block (replication). Upon planting, all
plants received irrigation three times weekly for 30 d. After 30 d, all plants were
irrigated during the first growing season with 2.5 cm (1 in) of water when the
average soil moisture tension reached -30 kPa (Watermark Soil Moisture Sensors,
Irrometer Co., Riverside, CA). Soil temperature [15 cm (6 in)] at each exposure
and leaf temperature of one plant of each size per exposure were recorded
continuously (23X Micrologger, Campbell Scientific Inc., Logan, Utah).
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Nondestructive growth index (GI) measurements {plant height + [(maximum
plant width + perpendicular width)/2]} were recorded for each plant at
experiment initiation and after one and two growing seasons (Feb. 2000
and Jan. 2001). Plants were also rated visually for leaf color, foliage
denseness, and overall plant quality at the beginning and end of the
second growing season (Feb. 2000 and Jan. 2001). The scale used for
visual ratings is described in Table 1. Plant mortality was recorded on
four dates (Feb., May, and Oct. 2000 and Jan. 2001). All data were
subjected to analysis of variance procedures and means were separated
using protected least significant difference (LSD) at P = 0.05.
Results and Discussion: GI of surviving 1-L and 7.6-L plants increased
during both growing seasons, while GI of surviving 19-L plants did not
increase during the second growing season (Table 2). GI increased
during each growing season for all exposures except south, which did
not increase in the second growing season (Table 3).
The 7.6-L plants had the highest visual ratings for leaf color, foliage denseness,
and overall quality (Table 2). Visual ratings for leaf color and overall quality in
all sizes decreased over time (data not presented). All visual ratings were higher
on north and east exposures than on south and west exposures (Table 3).
By the end of the second growing season, mortality was higher on
western exposures than all other exposures (Table 3). Additionally,
mortality occurred more often among 1-L plants than 7.6-L plants and did
not occur for 19-L plants (Table 2). Some plant mortality may have been
prevented with more frequent irrigation. Even though 19-L plants had no
mortality, lack of increase in GI of these plants during the second growing
season coupled with reductions in visual ratings for foliage denseness
and overall quality suggests that mortality of these plants may commence
with time.
Average daily soil temperatures for south and west exposures were
consistently higher than those of north and east exposures. (Fig. 1).
There was no difference in leaf temperature between sizes, and average
daily leaf temperature was similar at all exposures (data not presented).
Higher average soil temperature is likely responsible for decreased plant
performance on the south and west exposures.
Significance to Industry: Results suggest that in climates similar to
Raleigh, NC, shaded exposures may increase transplanting success of
mountain laurel. Despite low mortality of 19-L plants, 7.6-L plants
exhibited higher visual ratings and a larger increase in growth. Thus,
growers may want to market mountain laurel earlier in its production
cycle to ensure successful landscape establishment.
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Table 1. Rating scale for visual ratings of leaf color, foliage denseness,
and overall plant quality.
Rating Leaf color
0
Brown
1
Yellow

Foliage denseness
Dead
Sparse

2
3

Light green
Dark green

Some loss
Full

4

----z

----

5

----

----

Z

Overall quality
Dead
Minimal live plant tissue,
substantial death.
Half dead, half alive.
Average fullness, more
alive than dead.
Only small amount dead
plant tissue, still full.
No death, vigorous growth.

Visual rating scale for leaf color and foliage denseness was 0-3 only.
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Rapid Determination Of Nitrogen Status In Bedding Plants
J.E. Altland, C.H. Gilliam, G.J. Keever, J.L. Sibley, and D.C. Fare
Department of Horticulture, Auburn University, Auburn, AL 36849
Index words: Nitrate, Cardy, ion specific electrode
Nature of Work: Currently, the only reliable method landscape professionals
have for determining plant nitrogen (N) status involves collecting plant tissue
samples and sending them to a laboratory for analysis. This procedure is time
consuming and does not allow for immediate response to plant fertility
needs. If landscape professionals were able to frequently and rapidly
diagnose plant N status, more precise fertilizer applications could be made.
In addition, much attention has recently focused on non-point source pollution
from urban areas, especially in regard to landscape practices that lead to
excess agrochemicals being leached into surface and ground waters. By
closely monitoring plant N status, landscape professionals could apply N
fertilizers only when plants need it, thereby reducing excess leaching of N.
Therefore, the objective of this research was to develop a method for rapidly
determining plant N status for landscape bedding plants, thereby allowing
landscape professionals to more closely monitor plant fertility needs.

Experiment 1. Pansy (Viola wittrokiana ‘Bingo Yellow’) were potted up
from 48-cell packs into 20.32 cm (8 in) azalea pots with a 3:1 pinebark:
peat moss substrate 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 the first four weeks
using 160 ppm nitrogen (N) from ammonium nitrate (NH4NO3), and 62
ppm phosphorus (P) and 150 ppm potassium (K) from potassium phosphate
(K2HPO4). On December 7, 2000, uniform plants about 7 cm (2.8 in) tall
and 18 cm (7.1 in) wide were selected for use in the experiment. Thereafter
plants were fertilized with 62 ppm P, 150 ppm K, and either 40, 80, 120,
or 160 ppm N using salts previously mentioned. Fertilizer salts were mixed
and applied to pots individually at a rate of 450 ml (15 oz) per container per
irrigation event. Six single plant replicates per treatment were destructively
harvested 3 separate times at 15, 35, and 50 days after initial treatment
(DAT) application. Plants were arranged in completely randomized design.
Data collected included growth index [(height + width + width) ÷ 3], flower
number, and use of recently matured foliage for the following: SPAD
readings, petiolar sap nitrate determination using the hand held Cardy
nitrate meter, and foliar N (% dry weight basis) using a Leco CN 2000.
Experiment 2. Experiment 2 was conducted similarly to Experiment 1
with the following exceptions: ‘Pacifica White’ vinca (Catharanthus roseus
‘Pacifica White’) were fertilized with 50, 100, 150, or 200 ppm N. Plants
were potted up on January 8, 2000, and first N treatments were applied
February 8, 2000, when plants were about 12 cm (4 inches) tall and 21
cm (8 inches) wide. Plants were harvested 14, 28, and 42 DAT.
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Results and Discussion: Experiment 1. At 14 DAT, all plants were
similar with respect to growth index, SPAD readings, and flower number.
Sap NO3- levels (SN) and foliar N (% on a dry weight basis) (FN) increased
linearly with increasing N rate applied. Though plants appeared to be
visually similar, SN and FN levels reflected which plants were receiving
low levels of N via liquid feed. This indicates SN and FN have potential
to predict deficient levels of N before physical symptoms of nutrient
deficiency occurs. SN was regressed against FN to determine the nature
of the relationship (Figure 1). Regression diagnostics indicated a logarithmic
(base 10) transformation of SN data was necessary to homogenize the
variance. Once the correct model was fit, 95% confidence intervals were
determined for the regression estimates at each date, and it was determined
that the slope at each date was similar, therefore, the data were pooled.
The model for predicting FN with SN was determined to be: log10(SN) =
1.6458 + 0.4591*(FN). Published sufficiency ranges for FN of pansy are
3.4 to 4.2% (Mills and Jones, 1996). Using this sufficiency range, a new
sufficiency range for SN would be 1600 to 3750 ppm NO3- -N.

Experiment 2. By 14 DAT, vinca flower number and growth index
were similar among fertilizer treatments, while SPAD readings, SN, and
FN increased linearly with increasing rate (data not shown). At 28 and
42 DAT each measured parameter increased linearly with increasing N
rate applied. Similar to pansy, when SN was regressed against FN, the
response was linear with similar slopes at each date, therefore data
across all dates were pooled for analysis (Figure 2). SN and FN were
highly correlated (r = 0.87), and the following model was determined to
define the relationship between the two: SN = -4436 + 2156*(FN). Published
sufficiency ranges for FN of vinca are 3.0 to 5.0% (Fonteno et al., 1996).
Using these values, a sufficiency range for SN using the Cardy hand held
sap nitrate meter was calculated to be 1100 to 6300 ppm NO3- -N. The upper
limit of this range appears high. In our tests, vinca receiving the highest N rate
had FN levels around 3.5% which corresponds to a SN level of 3110 ppm
NO3- -N. This value as an upper limit for the sufficiency range is more
representative of SN levels recorded from plants receiving high N levels.
Significance to Industry: These data indicate that the Cardy hand held
sap nitrate meter can be used to rapidly determine plant N status in the
field. By determining the N status, landscape professionals can immediately
respond to plant need by applying precision fertilizer applications. Use of
this technology will also provide landscape professionals with a new
means of generating revenue. By providing a on-site plant diagnosis
followed by immediate response to fertility needs, landscape professionals
can add to the current list of services they provide.
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Preparation and Evaluation of Annual Vinca (Catharanthus
roseus) Extracts as Feeding Deterrents to White-tailed Deer
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Micheal Davis4, and M. Keith Causey4
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Nature of Work: The white-tailed deer population in the Southeastern
United States is estimated at 7 million and increasing each year with deer
frequently causing economical losses to commercial growers and homeowners.
While the most effective deer control method is fencing, the most flexible and
inexpensive strategy is chemical control through the use of repellents (6).
Several products containing Thiram, garlic, putrescent egg, or capsaicin as
active ingredients have been shown to have deer repellent properties
(1,2,3). However, many of these products are not labeled for use on edible crops
and may not be suitable for organic growers. The use of plant extracts may offer
an alternative to the traditional chemical repellent products currently available.
Annual vinca has been repeatedly included on lists of deer-tolerant plant species
(4,6). Deer-tolerant plants are those which are generally not preferred by
deer. However, it is imperative to recognize that there is no plant that is
deer-resistant as feeding preferences differ by locale and among individual
deer. White-tailed deer (Odocoileus virginanus) are known not to feed on
plants which are toxic or otherwise detrimental in nature. The lack of feeding by
deer on annual vinca may be explained by an antifertility effect (5).
Previous observations of confined white-tailed deer at the Auburn University Deer
Research Facility provided evidence that annual vinca are not preferable to deer.
In 1998, repellent product testing was conducted using ‘Pacifica Red’ vinca plants.
Only minor damage was observed, and plants were uprooted rather than eaten.
In the summer of 1999, a similar test was conducted using ‘Pacifica Polka Dot’.
Plants remained undamaged through 12 days of exposure to high deer feeding
pressure. Plants were presented under very high feeding pressure (12 deer/
acre) with no other green vegetation available. This lack of feeding damage
lead to the consideration of repellent properties possessed by annual vinca.
This study was conducted in order to determine white-tailed deer feeding
preference among annual vinca cultivars, and to evaluate annual vinca
extracts for deer feeding deterrent properties.
Sixteen deer (8 males, 8 females) were confined in two one-acre study pens at
the Auburn University Deer Research Facility. Deer were fed a pelleted ration as
needed throughout the test period. Each experiment was conducted in both pens.
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Plant preference. Annual vinca plugs were transplanted to trade gallon pots
spring of 2000. ‘Pacifica’ varieties included ‘White’, ‘Polka Dot’, ‘Lilac’, ‘Punch’,
and ‘Blush’. Upon maturity, 5 plants of each variety were treated with Havahart
putrescent egg spray and 5 plants were left untreated. Pots were marked
according to treatment. The pots were randomly placed inside each of the
two enclosures. Each pot was individually staked to the ground to avoid spillage.
Extract efficacy. Fresh leaves were collected from ‘Pacifica White’
annual vinca plants grown on-site at the AU Deer Research Facility.
Because of the lack of feeding preference among varieties, ‘Pacifica
White’ was chosen for extraction based on the lack of damage received
by plants of this variety in the 1999 trial. Extractions were made using 5,
10, and 20 ml 70% methanol per gram of fresh tissue. Tissue was
allowed to macerate at room temperature in methanol solutions overnight.
The extract was then filtered through Whatman #40 filter paper.
The efficacy of the 3 concentrations of extract along with 70% methanol,
and Havahart putrescent egg spray were evaluated against feeding
damage incurred on untreated gomphrena (Gomphrena globosa ‘Buddy
Purple’). Treatments were applied foliarly to gomphrena which were
grown on-site in trade gallon pots. Pots were marked according to
treatment. Each pot was individually staked to the ground to avoid spillage.
Eight replications of each treatment were introduced into both study pens.
Feeding damage was assessed on a daily basis until 75% damage in the
test was observed. Damage was rated on a scale of 0-3 (0 = no damage;
1 = 1/3 plant destroyed; 2 = 2/3 plant destroyed; 3 = plant completely
destroyed or uprooted). All damage data were converted to a percentage
basis (0% = no damage, 100% = complete destruction). Data were taken
until the entire test reached 75% damage. The experimental design was a
completely randomized design with 8 replications (pots) of each plant.
Results and discussion: Preference testing using 7 different ‘Pacifica’
varieties yielded similar results to the 1998 and 1999 observations with no
feeding damage to the plants over a two week observation period. However,
significant differences (p = 0.0001) were found among vinca extract treatments.
Among the three levels of vinca extract tested, the 10 ml MeOH/ g tissue
was most effective at curbing deer feeding to gomphrena (Table 1.) Of the
three extract concentrations only the 5 mL MeOH / g tissue did not provide
feeding deterrence over the untreated control. The small amount of methanol
used in that extraction may have been inadequate to sufficiently extract the
alcohol-soluble constituents of vinca leaves. Although the other extractions
were shown to be somewhat effective against deer feeding damage, the
Havahart egg spray was still, by far, the most effective deer feeding deterrent
with egg-treated plants reaching only 17% damage as compared to 86% and
92% for the 10 mL MeOH / g tissue and 20 mL MeOH / g tissue, respectively.
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Significance to Industry: From this preliminary data, it is clear that
annual vinca do possess some deer repellent properties. Further
development should be made in the extraction protocol, and chemical
identification should follow. Growers may find additional markets for
annual vinca not only as deer-resistant plants, but also as supply for deer
repellent manufacturers.
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Table 1. Feeding damage to gomphrena ‘Buddy Purple’ treated with 3
concentrations of annual vinca ‘Pacifica White’ extract at the Auburn
University Deer Research Facility over five days of exposure.
Treatment
Mean damage rating1
Vinca extract - 5mL MeOH/g
2.81a2
Vinca extract - 10mL MeOH/g
2.58b
Vinca extract - 20mL MeOH/g
2.75ab
70% MeOH
2.78a
Havahart Egg Spray
0.53c
Untreated Control
2.80a
1

Mean percent damage
94%
86%
92%
92%
17%
93%

Values based on a 0 - to - 3 rating scale.
Means followed by different letters are significantly different according to
Duncan’s Multiple Range Test at the 5% level.
2
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Comparative Light Tolerance Among Taxa of Illicium
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Photoinhibition, Photosynthesis
Nature of Work: Although light is required for survival of photosynthetic
organisms, excessive irradiance above that which can be used in
photosynthetic processes can be injurious to landscape plants. Frequently,
the first visual sign of light stress is a reduction in green pigmentation that
results from chlorophyll destruction (e.g., photobleaching). If the stress is
prolonged, necrotic regions can develop, followed by leaf abscission, and in
severe cases, plant death.
Plants that are adapted to high light are typically characterized as having
a greater light-saturated photosynthetic capacity (Amax) and increased
capacity to dissipate excess absorbed light energy, thereby limiting the
formation and reducing the effects of reactive oxygen species (1,2). A
higher Amax enables a larger percent of absorbed energy to be used in
photosynthesis, reduces the need for alternative dissipating mechanisms,
and minimizes the risk of photodamage (3). However, when acclimated
to high but not excessive light intensities, most plants also have the
ability to elevate their protective mechanisms, as well as their Amax. If
these mechanisms are insufficient, then photodamage results that can
lower Amax and quantum efficiency of PSII (i.e., photoinhibition).
The numerous species and cultivars of Illicium L. provide an excellent
opportunity to explore variations in light tolerance. Although Illicium are
typically understory species, references suggest that once plants are
established, they are tolerant of full sun (4). However, personal observations
suggest that although some taxa survive in high-light situations, they
frequently display symptoms of photodamage. Such symptoms include,
reduced plant growth and leaves that are often small, rigid, and pale
green/yellow in color. Due to the increasing popularity of this group of
plants, the first portion of this project, as reported here, was to evaluate
the more commonly available taxa for light tolerance.
For this experiment, one plant of each taxa (listed in Fig 1) was potted
into a 5 gallon (18 L) container filled with an 8 pine bark : 1 sand (by
volume) substrate amended with 2 lbs/yd3 (1.2 kg/m3) dolomitic limestone
and top dressed with 4.5 oz (127 g) of Osmocote Pro (23-4-8) controlled
release fertilizer. Containerized plants were then placed in either full-sun
or under structures that excluded 50% incident irradiance at the Horticultural
Field Laboratory, NC State University Raleigh, NC and irrigated daily.
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Plants were grown under these conditions for seven weeks before
measurements were begun. This time period was sufficient for growth
and acclimation of new leaves in their respective environments. The
experimental design was a randomized complete block with a split-plot
arrangement of treatments. Two light regimes (100% and 50% incident
irradiance) represented whole plots, while the split-plot consisted of the
11 taxa. The treatments were replicated six times. Data were analyzed
using ANOVA and means were separated by LSD (P ≤ 0.05).
Light saturated Amax was measured using a CIRAS-1 (PP Systems, Haverhill,
MA) infrared gas analyzer. One recently matured leaf, typical in appearance for
that plant was selected and placed in the cuvette that maintained a temperature
of 80 °F (27 °C), an irradiance of 2000 µmol•m-2•s-1, and a CO2 concentration of
350 ppm. Data were recorded once stomatal conductance and CO2
assimilation stabilized. After sundown, dark-adapted quantum efficiency of
open PSII reaction centers (Fv/Fm) was recorded using a pulse modulated
fluorometer (OS-500, OptiScience, Tyngsboro, MA) providing a modulating
light intensity of 3.6 µmol•m-2•s-1 PAR followed by a 0.8 s saturating pulse.
Results and Discussion: An interaction between taxa and light regime
was observed for both Amax and Fv/Fm. The two clones of I. parviflorum
maintained the highest Amax in full sun and did not show a reduction in
Amax in response to high-light (Fig 1A). These characteristics are typical
of more light-tolerant species. A significant reduction of Amax was observed
in the other nine taxa indicating some level of photoinhibition. Within
each light environment, I. parviflorum ‘Forest Green’ had a consistently
high Amax whereas I. henryi and I. lanceolatum consistently had the lowest
rates. While I. x ‘Woodland Ruby’ performed very well in the shaded
environment, Amax was greatly reduced when the plant was grown in full-sun
suggesting a significant level of photoinhibition.
Photoinhibition typically results from some damage to PSII that also
reduces the quantum efficiency of PSII. Chlorophyll fluorescence data
revealed that quantum efficiency of the I. parviflorum clones was not
significantly affected by high light, suggesting little damage to the photosynthetic
apparatus (Fig 1B). This phenomenon has been observed in other
species and is characteristic of light tolerant species (1). The quantum
efficiency of I. lanceolatum was unusually high given the relatively low
Amax that was observed. Alternative mechanisms to dissipate absorbed
light energy may play a greater role in this species.
Significance to Industry: This study found that different taxa of Illicium
vary considerably in their tolerance to high light. All of the taxa tested in
this study performed well when grown under 50% incident irradiance.
However, the two clones of I. parviflorum were the only taxa where Amax
was not compromised as a result of growth in full-sun indicating superior
tolerance to high-light environments. These results suggest that light
exposure is a critical factor that should be considered in both landscape
situations and nursery production of Illicium.
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Recycled Water for Landscape Plant Irrigation
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Virginia Beach, VA 23455-3315
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Nature of Work: Water is a finite resource, and water quality and
availability are key environmental issues. Maintaining healthy landscapes
while balancing a growing industry and environmental concerns requires
research into alternative water management techniques. Recycled (or
reclaimed) water is a viable alternative for the irrigation of landscape
plants. Recycled water is the liquid waste collected in sanitary sewers
and treated in municipal wastewater treatment plants (4).
Across the country, water treatment plants are producing large quantities
of high quality, low cost recycled water. Recycled water is currently
relied upon in areas where ground water supplies are limited or strained
due to heavy populations. While the most common recycled water use
is for turf irrigation on golf courses, athletic fields and sod farms, the
practice of irrigating landscapes with recycled water is widespread and
even mandated in parts of California and Florida (3). As the U.S.
population continues to grow and regulation of public water use increases,
recycled water use will continue to increase. However, a more thorough
understanding of recycled water quality, and site and plant sensitivities
is necessary before recycled water will be commonly utilized by the
landscape industry. Recycled water is generally higher in soluble salts
than potable water (1, 2), which can potentially lead to salt residues on
plants and buildups in the soil. Therefore, 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 the recycled water
might have on landscape plants common in the Hampton Roads Virginia
area.
On March 20, 2000, six 16’ X 16’ X 12” raised beds were constructed in
the courtyard of the Hampton Roads Sanitation District (HRSD) Virginia
Initiative Plant in Norfolk, VA. The beds were equipped with Hunter
SRS-12 pop-up nozzles in each corner, set for 90 degree overlapping
patterns. Three beds were connected to the City of Norfolk potable
waterline and three beds were connected the HRSD recycled
(nonpotable) waterline. The beds were filled with a sandy loam soil, and
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plants were installed on April 11. Two inches of chipped hardwood
mulch was applied on April 20, 2000. Plots were irrigated twice a week
beginning May 5 for a total of 1” 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. A
soil test 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 (nonpotable) water)
and three replications per treatment. Data were analyzed using Analysis
of Variance.
Plants used: Annuals: begonia (Begonia semperflorens), dianthus
(Dianthus chinensis), geranium (Pelargonium hortulanum), petunia
(Petunia x ‘Midnight’), vinca (Catharanthus roseus ‘Pink Cooler’),
marigold (Tagetes erecta ‘Antiqua Yellow’). 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: butterfly bush (Buddleia
davidii ‘Nanho Blue’), boxwood (Buxus sempervirens ‘Suffruticosa),
gardenia (Gardenia jasminoides ‘Chuck Hayes’), juniper (Juniperus
chinensis var. sargentii ‘Viridis’), dwarf nandina (Nandina domestica
‘Firepower’), 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: red maple (Acer
rubrum), river birch (Betula nigra), Eastern redbud (Cercis canadensis),
crape myrtle (Lagerstroemia x ‘Natchez’).
Results and Discussion: Duncan’s Mean Separation test (P<0.05)
showed significant main effects for irrigation treatment, month, and
species. There were also interactions for irrigation by month and
species by irrigation. Injury from recycled water was most severe on
coneflower, cherrylaurel, azalea, and red maple. Observed injury
symptoms included marginal leaf burn, chlorosis, browning, and in some
cases crown rot. No salt residues on plants were observed.
Injury worsened over time, possibly indicating that detrimental effects
from irrigating with recycled water may be cumulative. Also, fluctuations
in the levels of salts and chlorine in the recycled water might contribute
to worsening injury symptoms and/or residues. Unfortunately, by
September the Hampton Roads area of Virginia received approximately
12” above average rainfall. Some injury symptoms could be attributed
to excessive water over an extended period of time.
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The aesthetic quality of plants is subjective. Unless a plant is very
obviously off color, deformed, or dying, most people do not look beyond
the pretty blooms and general appearance of the plant. Most plants in
this study, even the species with some injury, would be acceptable to the
average observer. This study is being conducted again in 2001.
Significance to Industry: Water is a resource too valuable to be used
only once. Recycled water can be an excellent irrigation source for
landscape plants, conserving potable water supplies. Sanitation districts
can market a recycled product, so that landscape managers have an
alternative, less expensive water supply for irrigation, and so that
landscapes can be maintained in a healthy and environmentally sound
manner.
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Landscape Performance of Dwarf and Miniature
Crape Myrtle Varieties (1999-2000)
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Nature of Work: Dwarf and miniature crape myrtle (Lagerstroemia indica
and L. indica x fauriei) varieties were evaluated by the LSU AgCenter in
landscape settings over the 1999 and 2000 growing seasons. These primarily
included the Louisiana releases from David Chopin that date to early
1980s and new cultivars from the U.S. National Arboretum. The primary
criteria in these trials included the evaluation of dwarf and miniature crape
myrtle varieties for growth habit, flowering performance, winter damage,
and pest/disease susceptibility. Two-gallon containers of ‘Pixie White’
(white), ‘Delta Blush’ (pink), ‘Baton Rouge’ (deep red), ‘Mardi Gras’ (purple),
‘New Orleans’ (purple), ‘Lafayette’ (white with lavender), ‘Pink Blush’ (light
pink), ‘Purple Velvet’ (deep purple), ‘Orlando’ (lavender), ‘World’s Fair’ (deep
red), ‘Bicolor’ (pink with white), ‘Sacramento’ (red), ‘Cordon Bleu’ (lavender),
‘Houston’ (watermelon red), ‘Chickasaw’ (pink lavender) and ‘Pocomoke’
(deep rose pink) were planted in raised beds 4' apart on October 30, 1998
at Burden Center in Baton Rouge, LA. In the nursery trade, ‘Baton Rouge’ is
also referred to as ‘Beverly’. ‘New Orleans’ is also called ‘Passion’. Another
name for ‘Cordon Bleu’ is ‘Louisa’ and ‘Delta Blush’ is also known as ‘Pink
Blush’ although it is not the same as the ‘Pink Blush’ previously listed.
Plants were replicated in a randomized complete block design. The
raised beds were comprised of an Olivier silt loam soil amended with
aged pine bark and composted rice hulls. The beds were located in full
sun and plants received irrigation via drip application as needed throughout
the growing season. Plants were mulched annually with 2" pine straw.
Crape myrtles were fertilized annually in early spring (each April) with
StaGreen Nursery Special 12-6-6 at the rate of 1 lb. N/1000 ft2 of bed
area and in mid-summer (early July) with StaGreen Nursery Special 126-6 at the rate of 0.5 lb. N/1000 ft2 of bed area. Plants were not pruned
(other than to remove winter damaged stems) or dead-headed during the
evaluation period, and fungicides or insecticides were not applied for
disease or insect control, respectively.
Data collected over the 1999-2000 evaluation period included plant
height, date of first flower, visual quality ratings, and susceptibility to
cercospora leaf spot and powdery mildew.
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Results and Discussion: The most ideal growth habit and foliage
characteristics (weeping, compactness, red foliage) were found for ‘New
Orleans’, ‘Sacramento’, ‘World’s Fair’ and ‘Houston’. These crape myrtle
varieties also had higher visual quality ratings (Table 1). A desirable
quality rating was also achieved for ‘Pixie White’.
Flowering began as early as April 29 or as late as early June (Table 2).
‘Cordon Bleu’ was the earliest to flowering cultivar in 1999 and 2000.
Flowering generally terminated by mid/late August (data not shown).
‘Chickasaw’ and ‘Pocomoke’, two recently released crape myrtle cultivars
from the U.S. National Arboretum, are truly “miniature” in size. They have
the shape of a dwarf yaupon and reached heights of only 34-38 cm (15
inches) after two growing seasons in the landscape. Plant height after 2
years in the landscape ranged from these heights for ‘Chickasaw’ and
‘Pocomoke’ to 115- 130 cm (46 - 52 inches) for ‘Bicolor’ and ‘Pixie White’.
The remaining cultivars ranged in height from 50-90 cm (20-36 inches).
Powdery mildew was observed in early May 2000 (data not shown).
Slightly susceptible cultivars were ‘Pixie White’ and ‘Bicolor’. ‘Baton
Rouge’ and ‘Purple Velvet’ were moderately susceptible. Approximately
1-10% of foliage on ‘Cordon Bleu’, ‘Delta Blush’, and ‘Pixie White’ had
cercospora leaf spot in June 2000 (data not shown).
Dieback due to winter damage was observed on a number of cultivars.
Major dieback (40-50%) occurred on ‘Baton Rouge’, ‘Orlando’, ‘Mardi
Gras’, ‘World’s Fair’, ‘Houston’, and ‘Lafayette’. ‘Chickasaw’ had 40%
dieback in the winter of ‘99/’00, while ‘Pocomoke’ had 15% dieback.
Significance to Industry: Crape myrtles continue to be one of the more
popular large shrubs/small trees to use for providing landscape color
during the summer months in the southeastern United States. Nursery
professionals need to be aware of these miniature, dwarf, and semi-dwarf
cultivars that offer potential for landscape use. ‘Pocomoke’ and ‘Chickasaw’
crape myrtles were included in this trial as part of the SERA-IEG 27
Nursery and Landscape Systems project to evaluate new landscape
plants for the green industry.

532

SNA RESEARCH CONFERENCE - VOL. 46 - 2001

533

SNA RESEARCH CONFERENCE - VOL. 46 -2001

534

