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Surface Area and Method of Weed Control Surrounding Green Ash Trunks Affects
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Significance to Industry: Retailer nurseries, garden centers, and big box stores
annually sell millions of containerized trees to home owners. These trees are frequently
established in lawns containing turfgrasses. Green ash (Fraxinus pennsylvanica Marsh.)
is one of the more commonly planted trees by developers in new subdivisions and
bermudagrass [Cynodon dactylon (L.)C.H. Persoon] is one of the two most common
turfgrasses in the southern U.S. (1). Recommendations for the extent of a competitionfree zone or the need for mulch around the base of establishing trees are variable. For
instance, when establishing young trees for a riparian forest buffer, the USDA (3)
recommends 9 ft2 of weed-free area around each tree. Mooter et al. (2) recommend a 2
ft diameter or greater circle of mulch around each tree. Trunk damage during
establishment of small trees is sometimes cited as a reason for poor growth or survival
when turfgrass is controlled around newly planted trees by using line trimmers (1). The
purpose of this study was to determine the effects of maintaining weed-free zones
around green ash trees during establishment in a bermudagrass turf and if the method
of maintaining the weed-free zone impacted tree establishment.
Nature of Work: Green ash seedlings were grown in #3 black plastic containers and
then transplanted to a landscape site on 6 ft within row and 12 ft between row spacings.
Prior to planting, the College Station, Texas site was seeded with a burmudagrass turf
and maintained throughout the study period at 2 to 3 in height via periodic mowing with
a rotary mower. Soils on the site were a Boonville Series, Boonville fine sandy loam,
fine, montmorillic thermic ruptic-vertic albaqualfs (pH 9.1, bulk density 1.51 g·cm-3, 61%
sand, 11% clay, 28% silt). Irrigation was provided using drip tape (T-Tape®, T-Systems
Intl. Inc., San Diego, CA) at 10 psi as needed to maintain soil moisture tensions at less
than -1.5 kPa as indicated by tensiometers (Model 2725 JetFill Tensiometers, Soil
Moisture Equipment Corp., Santa Barbara, CA).
Soil surface treatments consisted of eliminating or trimming the turfgrass in circles
surrounding the trees with 1, 2, or 3 ft diameters (surface areas of 0.8, 3.1, or 7.1 ft2,
respectively). In one treatment, the turfgrass in a 1 ft diameter circle was mown to a
height of 2 to 3 in to within a few inches of the trunk and then hand shears were used to
clip the remaining turfgrass around the trunks to ensure that no mechanical damage
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occurred to the trunks. A second treatment used a line trimmer to maintain the turfgrass
at a 2 to 3 in height in a 1 ft diameter circle surrounding the trees. The third through fifth
treatments consisted of maintaining a turf-free circle around the trees that was 1, 2, or 3 ft
in diameter by removing the turfgrass and maintaining a layer of pine bark mulch 2 to 3 in
thick. The sixth through eighth treatments maintained turf-free circles surrounding the
trees 1, 2, or 3 ft in diameter by application of glyphosate [N-(phosphonomethyl) glycine,
Monsanto Corp., St. Louis, MO] as needed using a backpack sprayer with a flat fan
pattern emitter. Concentration of glyphosate was applied per manufacturer’s
recommended rate.
Trees were arranged in the landscape plots in a randomized complete block design
consisting of five blocks with each of the eight treatments randomly assigned to three
trees within each block (a total of 15 trees per soil surface treatment).

Results and Discussion: No significant (P ≤ 0.05) interactions were found between time
in the field and the soil surface treatments, however the main effects of time in the field
and soil surface treatments were significant for both trunk diameter and shoot height.
Thus, only end of study growth data for the effects of soil surface treatments on trunk
diameter and shoot height are presented (Table 1). Removal of the competing
bermudagrass turf around the base of trees tended to increase both trunk diameter and
tree height growth in comparison to hand trimming and line trimmer treatments which
maintained the turfgrass at a height of 2 to 3 in up to the base of trees (Table 1). In
general there was a trend toward increased trunk diameters and heights with greater
diameter sizes of the area beneath trees where the turfgrass was eliminated, with the
exception of 3 ft diameter glyphosate treatment (Table 1). Apparently some glyphosate
drift occurred onto the green ash trees with the largest diameter glyphosate treatment, as
was evidenced by mild herbicide damage symptoms on early season leaves during the
third growing season (Fig. 1). The smallest trees were produced with the line trimmer
treatment, likely in response to competitive effects of the turfgrass around the trunks, but
also perhaps due to occasional injury that occurred to trunks due to contact with the trim
line. Glyphosate treatments actually resulted in slightly larger diameter circles of
inhibition of the turfgrass, due to the compound’s systemic mode of action killing
individual turfgrass plants further out than the actual diameter of the surface area to which
the herbicide was applied. Conversely, bermudagrass tended to continually invade the
pine bark mulch treatments, particularly the smaller diameter circles. This may explain
the similarity of responses among the 1 ft diameter pine bark mulch circle and two
treatments where the bermudagrass was allowed to remain but was shorn mechanically.
Our data supports recommendations for removing turfgrass competition within close
proximity to the trunk and to avoid the use of line trimmers in controlling turfgrass growth
adjacent to trunks of transplanted trees.
Literature Cited:
1. Arnold, M.A. 2008. Landscape Plants For Texas And Environs, Third Ed. Stipes Publ.
L.L.C., Champaign, IL.
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Table 1. Main effects of soil surface treatments on establishment of Fraxinus
pennsylvanica transplanted from #3 containers to a landscape site with a burmudagrass
(Cynodon dactylon) turf in College Station, Texas at three growing seasons after
transplanting.
Trunk diameter
Tree
Surface treatment
at 15 cm
height
around the trunks
(mm)
(cm)
1 ft diameter hand trimming
23.8 bcz
156 bc
1 ft diameter line trimmer
21.1 c
138 c
1 ft diameter pine bark mulch
24.1 bc
156 bc
2 ft diameter pine bark mulch
26.4 ab
169 ab
3 ft diameter pine bark mulch
27.8 ab
175 ab
1 ft diameter glyphosate
27.7 ab
176 ab
2 ft diameter glyphosate
29.0 a
182 a
3 ft diameter glyphosate
25.9 ab
164 ab
z
Values represent means of 15 observations; means within a column followed by the
same letter are not significantly different from each other using Fisher’s Protected LSD
at P ≤ 0.05.

Figure 1. Example of the apparent herbicide damaged observed on early season
growth during the third growing season on some green ash trees from the 3 ft diameter
circle glyphosate treatment.
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Landscape Irrigation Scheduling for Native Deciduous Shrub Species
Abby L. Bailey and Amy N. Wright
Dept. of Horticulture, Auburn University, Auburn, AL 36849
baileal@auburn.edu

Index Words: Horhizotron™, Establishment, Hydrangea quercifolia ‘Alice’, Root Growth
Significance to Industry: The effect of five irrigation scheduling treatments on root
and shoot growth of Hydrangea quercifolia Bart. ‘Alice’ (‘Alice’ oakleaf hydrangea) were
studied using Horhizotrons in a greenhouse at Auburn University in Auburn, AL.
Results from this investigation suggest that post transplant irrigation should be
scheduled based on percent moisture in the root ball rather than the surrounding soil.
Additionally, more root growth occurred when plant root balls were allowed to dry down
slightly between irrigation events rather than maintaining well-watered conditions.
Nature of Work: The use of soil moisture sensors can accurately quantify water
availability in the soil and can be used to efficiently control irrigation thereby reducing
water usage and lowering direct costs associated with irrigation (3). Since the number
of days of precipitation and air temperature are not the most accurate indicators of plant
water requirements, soil moisture monitoring is a technological approach that can more
accurately quantify water use (3). Additionally, previous research suggests that
irrigating more frequently is more effective than applying larger quantities of water
infrequently to transplanted trees (3). Because of the impact soil moisture has on root
growth (3), proper irrigation scheduling can directly impact the post-transplant root
growth critical for plant establishment and survival (4).
The objective of this research was to utilize the Horhizotron to determine what soil or
root ball moisture contents are required to sustain root and shoot growth for Hydrangea
quercifolia ‘Alice’. The Horhizotron allows for repeated, non-destructive measurement
of root growth over time within varying rhizosphere environments (5).
On 14 February 2008, 25 plants of H. quecifolia ‘Alice’ were removed from 11.4 L (3 gal)
containers, and each plant was placed in the center of one of each of 25 Horhizotrons.
Horhizotrons were placed on greenhouse benches at the Patterson greenhouse
complex at Auburn University in Auburn, AL. Horhizotron quadrants were filled with
sandy loam soil collected from field research plots at Auburn University. Treatments
were initiated on 17 March 2008 and included: (1) quadrants and root ball maintained at
or above 20% moisture (Well Watered, WW); (2) quadrants and root ball re-watered
when root ball moisture reached 15% (15% RB); (3) quadrants and root ball re-watered
when root ball moisture reached 10% (10% RB); (4) quadrants and root ball re-watered
when quadrant soil moisture reached 20% (20% S); (5) quadrants and root ball rewatered when quadrant soil moisture reached 15% (15% S). Percent moisture (by
volume) was measured by ECH2O EC-5 soil moisture sensors, (Decagon Devices, Inc.,
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Pullman, WA) installed in the root ball and in 2 quadrants per Horhizotron in 2 blocks
(Fig. 1). Soil in the quadrants received 400 mL tap water, and root balls received 600
mL tap water as needed until treatments began. As root growth progressed the volume
of tap water was increased to 500 mL for quadrants and 700 mL for root balls in order to
fully moisten the soil or root ball at each irrigation event. The experimental design was a
randomized complete block design with five blocks. Initial and final shoot growth
indices were recorded for each plant. Horizontal root length (HRL) was measured once
every two weeks using the Scale Master® II digital measuring system (Carson City,
NV). HRL is measured parallel to the ground and represents the advancement of the
root growth front into the surrounding soil from the original container root ball. At
experiment termination roots growing into each quadrant were removed from the
original root ball, rinsed to remove soil, dried at 66°C (150°F) for 48 hours, and weighed.
Data were analyzed using generalized linear models and regression analysis with
means separation using LSD (P<0.05) (SAS Institute, 2003).

Results and Discussion: Horizontal root length (HRL) increased linearly over time in
all five irrigation treatments (Fig. 2). Sixty days after planting HRL was highest in 10%
RB followed by 15% RB, WW, 20% S, and 15% S. Final HRL (75 DAP) followed the
same trend however differences among treatments were smaller (Fig.2). Plants that
were re-watered when the root ball reached 10% moisture exhibited the longest
horizontal root growth. Shoot growth indices were similar among treatments signifying
that shoot growth is not as impacted by irrigation frequency as root growth is. Root dry
weights (RDW) were not significantly different for any of the five irrigation treatments,
suggesting that roots distribute biomass differently depending on soil moisture
conditions. Results from this study are consistent with others which found that root
diameter is affected by soil moisture and that often, roots exposed to mild drought will
become longer and thinner (1). Results suggest that monitoring root ball percent
moisture is more important for irrigation scheduling than monitoring the surrounding soil
moisture. This is in agreement with other research which found that irrigation outside
the original root ball did not aid in quick establishment of transplanted trees (2).
Literature Cited:
1.
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Figure 1. Horhizotron with quadrants filled with soil and ECH2O EC-5 soil moisture
sensors installed in root ball and quadrants.
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Figure 2. Effect of irrigation scheduling on horizontal root length (measured parallel to
the ground, HRL) of Hydrangea quercifolia ‘Alice’ grown in Horhizotrons in a
greenhouse from 14 Feb.-5 May 2008. Treatments began 31 days after planting (DAP).
Treatments include: quadrants and root ball maintained at or above 20% moisture
(WW); quadrants and root ball re-watered when root ball moisture reached 15% (15%
RB); quadrants and root ball re-watered when root ball moisture reached 10% (10%
RB); quadrants and root ball re-watered when quadrant soil moisture reached 20%
(20% S); quadrants and root ball re-watered when quadrant soil moisture reached 15%
(15% S).
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Figure 3. Effect of irrigation scheduling on root dry weight (RDW) of Hydrangea
quercifolia ‘Alice’ grown in Horhizotrons in a greenhouse from 14 Feb.-5 May 2008.
Treatments began 31 days after planting (DAP). Treatments include: quadrants and
root ball maintained at or above 20% moisture (WW); quadrants and root ball rewatered when root ball moisture reached 15% (15% RB); quadrants and root ball rewatered when root ball moisture reached 10% (10% RB); quadrants and root ball rewatered when quadrant soil moisture reached 20% (20% S); quadrants and root ball rewatered when quadrant soil moisture reached 15% (15% S).
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Application of Composted Poultry Litter as a Fertilizer for Landscape Annual
Bedding Plants
Stephen C. Marble1, Jeff L. Sibley1, Charles H. Gilliam,1 H. Allen Torbert2
1
Auburn University, Dept. of Horticulture, Auburn, AL 36849
2
USDA-ARS National Soil Dynamics Laboratory, Auburn, AL. 36832
marblsc@auburn.edu

Index Words: Composted poultry litter, landscape, verbena, petunia
Significance to Industry: Use of composted poultry litter (CPL) incorporated into
landscape planting beds as a fertilizer source resulted in plants equal to or larger than
plants grown with conventional inorganic fertilizers. Nitrate and ammonia levels in
leachates from plots amended with poultry manure were comparable with plots
amended with commercial fertilizers even when much higher rates of nutrients were
applied using poultry litter. Composted poultry litter may not be able replace inorganic
fertilizers completely in all landscape situations but it can reduce fertilizer requirements
while providing an economically and environmentally sound alternative to poultry waste
disposal while providing beneficial aspects for plant growth in annual bedding plants.
Nature of Work: In recent years there has been a major expansion in the poultry
industry. Increases in poultry production have led to waste disposal problems in many
of areas. Historically, land application was the predominant method of litter disposal.
Almost ninety percent of all poultry litter is applied to agricultural land, usually no more
than a few miles from where the poultry litter is produced (2). However, in recent years,
poultry litter is coming under strict federal and state regulations concerning disposal
methods with respect to nonpoint source pollution and other environmental concerns.
These regulations are limiting past methods of poultry litter disposal and poultry
producers need new avenues for disposal of poultry litter.
Cost of inorganic fertilizers is ever increasing while U.S. production is decreasing.
Because natural gas is the primary raw material used to produce ammonia, the rise in
US natural gas prices has led to a 35% decline in US ammonia production capacity and
a 44% decrease in output between 2000 and 2006. National composite fertilizer prices
increased 113% between 2000 and 2007 due to increases in nitrogen costs. During this
seven-year period the price of ammonia, the main source of nitrogen in fertilizer
production, increased 130% and the price of urea, the primary solid nitrogen fertilizer
used in the US, rose 127% (7). As fertilizer prices continue to rise, landscapers are
looking for cost-saving alternatives.
Many studies have been conducted showing the benefits of poultry litter application as
a fertilizer in row cropping systems (1,4). Poultry litter has also been shown to improve
growth in roses, woody ornamentals, annuals, and bermuda grass production (3, 5, 6).
Use of poultry litter in the landscape industry could provide an environmentally sound
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means of disposal for poultry producers as well as an economical alternative to
increasingly expensive fertilizers.
The objective of this study was to evaluate composted poultry litter as a fertilizer source
for bedding plants at various rates in comparison with commercially available inorganic
fertilizers for two commonly used landscape annual bedding species, ‘Quartz Scarlet’
verbena and ‘Celebrity Red’ petunia.
A fallow site was chosen which had not received any fertilizer in several years. Plots
were tilled to a 4-inch depth and beds were raised using a Keneco bed maker with each
experimental unit being 10 feet by 1.5 feet. Before planting 11 treatments were applied:
Peacock garden grade fertilizer 13N-5.6P-10.9K (13-13-13) at rates of 4.9 g N/m2 (1 lb
N/1000 ft2) and 9.8 g N/m2 (2 lb N/1000 ft2), Polyon 13N-5.6P-10.9K (13-13-13) at rates
of 4.9 g N/m2 (1 lb N/1000 ft2) and 9.8 g N/m2 (2 lb N/1000 ft2) and composted poultry
litter at rates of 4.9 g N/m2 (1 lb N/1000 ft2), 9.8 g N/m2 (2 lb N/1000 ft2), 19.6 g N/m2 (4 lb
N/1000 ft2), 29.4 g N/m2 (6 lb N/1000 ft2), 39.2 g N/m2 (8 lb N/1000 ft2), and 49 g N/m2
(10 lb N/1000 ft2). Poultry litter used in this experiment was obtained from Greenville,
Al. and was composted in an in-vessel rotating drum digester (BMG Organics) for two
weeks and stored under a tarp for one month until installation of the study. Poultry litter
was analyzed by Brookeside Laboratories Inc. (New Knoxville, OH). Composted poultry
litter analysis showed 2.5% nitrogen, 1.4% phosphorous, and 2.3% potassium on a wet
weight (as is) basis. A bare ground treatment that received no fertilizer was used as the
control for comparison to the fertilized beds. Both species were transplanted from 36
cell pack flats into the field on August 17, 2007. Plants received .2 inches of overheard
irrigation daily throughout the duration of the study. Plants were arranged by species
and statistical design was a randomized block design with five replications per treatment
per species. Soil water leachates were collected using suction cup lysimeters 0.6 m
(2ft) long and 5.1 cm (2 in) in diameter with a ceramic cap 7.6 cm (3 in) long and 5.1 cm
(2 in) wide. Lysimeters were installed at a 45º angle to the ground to minimize
preferential water flow down the side of the lysimeter at a depth of 25.4 cm (10 in). The
hole for the lysimeter was formed using a soil core remover. A hand pump was used to
create a suction of 60 centibars (8.82 psi) within the lysimeter.
Data collected included growth indices [(height +width1 + width 2)/3(cm)] at 4, 8, and 12
weeks after planting (WAP). Leaf chlorophyll content was quantified using a SPAD-502
Chlorophyll Meter (Minolta, Inc.) at 4, 8, and 12 WAP. Leachates were collected using
lysimters at 2, 4, 8, 12, and 16 WAP. Fresh and dry weights were taken 12 WAP.
Foliar samples (most recently matured leaves) were collected and analyzed for nutrient
content at 12 WAP.

Results and Discussion: At 8 WAP, there were no differences among growth indices
in verbena between CPL and either Polyon or Peacock fertilizer when applied at the
same rate (Table 1). Petunias treated with CPL grew as big or bigger than plants
treated with the inorganic equivalent when measured at 8 WAP (Table 1). By 12 WAP
there were no differences in growth indices among verbena treated with CPL or

Landscape Section

400

SNA Research Conference Vol. 53 2008
inorganic fertilizer at either the 4.9 g N/m2 (1 lb N/1000 ft2) and 9.8 g N/m2 (2 lb N/1000
ft2) rates. Petunias growing in CPL were as large or larger than plants growing in the
inorganic fertilizer at the same rate at 12 WAP. Plots fertilized with poultry litter at a
rate of 39.2 g N/m2 (8 lb N/1000 ft2) produced the largest plants in both species
throughout the experiment (Table 1). Shoot dry weights were highest among plots
treated with 39.2 g N/m2 (8 lb N/1000 ft2), and 49 g N/m2 (10 lb N/1000 ft2) CPL. Neither
species had significant differences in leaf chlorophyll content at 12 WAP among any
treatment (data not shown). Initially, higher poultry litter rates had slightly higher NO3-N
and NH4-N levels than lower poultry litter rates or inorganic fertilizers; however those
differences dissipated quickly (data not shown). However, at 16 WAP the plots fertilized
with inorganic fertilizers had higher NO3-N and NH4-N levels than any of the beds
fertilized with composted poultry litter (data not shown). Little or no difference was
found among either species in respect to leaf nutrient content at 12 WAP (Table 2). This
experiment provides evidence that composted poultry litter could be used as a
substitute for conventional inorganic fertilizers when used at the same nitrogen rate and
may also be applied at much higher rates than inorganic fertilizers resulting in plants
with greater size while minimizing negative environmental impacts.
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Rose Rootstocks Responded Differently to Chloride versus Sulfate Salinity
Genhua Niu and Denise S. Rodriguez
Texas AgriLife Research Center at El Paso,
Texas A&M System, 1380 A&M Circle, TX 79927
gniu@ag.tamu.edu; drodriguez@ag.tamu.edu

Index Words: Landscape irrigation, salt stress, water reuse
Significance to Industry: Alternative water sources, such as reclaimed water, are
being used to irrigate urban landscapes and agricultural crops due to limited supply of
fresh water. Most saline water and saline soils are dominated by chloride or sulfate salt.
Information on rose rootstocks in response to salinity dominated by chloride or sulfate
will help growers and breeders select proper rose rootstocks for salt-affected areas.
Nature of Work: Most garden rose are produced by grafting using T-budding. Different
rootstocks are used in various areas in the world in accordance with climatic and soil
conditions. For example, Rosa multiflora is used in the south-central USA, Canada and
Japan, whereas ‘Dr. Huey’ is used in the western U.S. (4). Rosa × fortuniana is used in
areas with year around temperate climate. In the U.S., R. × fortuniana is mainly used in
Florida and in southwestern region. Rosa odorata is one of the most popular rose
rootstocks for greenhouse cut flowers but is also used for garden roses. The objective
of this study was to characterize the response of four rose rootstocks to salinity
dominated by chloride or sulfate.
Rooted cuttings of ‘Dr. Huey’(R. × hybrida), R. × fortuniana, R. multiflora, and R.
odorata were transplanted in 10 Oct. 2006 to 2.6-L plastic pots containing a 1:1 mix
(v:v) of Sunshine Mix No. 4 (SunGro Hort., Bellevue, WA) and composted mulch
(Western Organics, Inc., Tempe, AZ) amended with 5 kg·m-3 dolomite limestone (Carl
Pool Earth-Safe Organics, Gladewater, TX) and 1 kg·m-3 Micromax (Scott, Marysville,
OH). Plants were transplanted again on 28 Feb. 2007 to 10-L containers containing the
same growing substrate. Plants were grown in the greenhouse before the initiation of
treatments and irrigated with a nutrient solution containing 0.5 g·L-1 of 20 N–8.6 P–16.7
K (Peters 20–20–20, Scotts, Allentown, PA). Saline solutions were prepared by adding
sodium chloride (NaCl), sodium sulfate (Na2SO4), magnesium chloride (MgCl2·2H2O),
magnesium sulfate (MgSO4·7H2O), and calcium chloride (CaCl2) to the nutrient solution
(0.5 g·L-1 of 20 N–8.6 P–16.7 K) at various ratios (Table 1) to create either Cl or SO4
dominated saline solutions. The control was the nutrient solution made by adding 0.5
g·L-1 of 20 N–8.6 P–16.7 K to tap water. The major ions in the tap water were Na, Ca,
Mg, Cl, and SO4 at 184, 52.0, 7.5, 223.6, and 105.6 mg·L-1, respectively. Treatments
were initiated on 23 Mar. and terminated on 15 July (16 weeks). The experiment was a
split-plot design with salinity solutions as the main plots and the four rootstocks as the
subplots with seven replicates. Plants were drip irrigated at an average of 3.57 L per
container per irrigation (leaching fraction of ~30%). Irrigation intervals were adjusted
according to climate, treatment, and growth stage of the plants. At the end of the
experiment, leaf and stem fresh weights were determined by severing the main stem at
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the substrate surface and separating the leaves and stems. Leaf area was measured
using a leaf area meter (LI-COR, LI-3100, Lincoln, NE). Roots were washed free of
substrate and their fresh weight was recorded. Dry weights (DW) of leaves, stems and
roots were determined by oven-drying at 70 °C to constant weights. All data were
analyzed by a two-way ANOVA using PROC GLM. When interaction between salinity
and rootstock was significant, multiple comparisons were conducted separately using
Student-Newman-Keuls (SNK) at P = 0.05.

Results and Discussion: Salinity treatment and rootstock had interactive effects on all
growth parameters, indicating growth response to salinity treatment differed among
rootstocks (Fig.1). The effect of dominant salt type on plant growth varied with rootstock
and salinity. At moderate salinity (M-Cl and M-SO4) dominated by sulfate, the reduction
in total DW compared to the control was highest in R. multiflora (29%), followed by R.
odorata (20%), ‘Dr. Huey’ (12%), and R. × fortuniana (8%). At high salinity (H-Cl and HSO4) dominated by sulfate, the reduction in total DW compared to the control was
highest in R. odorata (48%), followed by R. multiflora (37%), ‘Dr. Huey’ (32%), and R. ×
fortuniana (26%). At both moderate and high salinity dominated by chloride, the growth
reduction was highest in R. × fortuniana, followed by similar reductions in R. odorata
and R. multiflora. Regardless of rootstock, the growth reduction was greater in chloridedominated than sulfate-dominated salinities except for R. multiflora at moderate salinity.
Similarly, more negative effects of chloride versus sulfate salinity on growth have been
reported on other crops (1, 2, 3).
At moderate salinities, all rootstocks had scores above 4.5, which are acceptable
for landscape performance (Table 2). At high salinities, the appearance of all rootstocks
declined with typical salt damage such as leaf burn and necrosis on lower, older leaves.
In addition, chloride dominated salinity led to a lower visual quality of all rootstocks,
especially in R. × fortuniana. Similarly, seedlings of Siberian larch (1) and jack pine (2)
had more salt injury when exposed to chloride salinity in comparison to sulfate salinity.
Growth (Fig. 1) and ion uptake (data not shown) of four rootstocks responded to salinity
and dominant salt type differently. Rosa × fortuniana, which accumulated the least
amount of Na+ in the shoots, was the most tolerant rootstock when irrigated with saline
solution dominated by sulfate, followed by ‘Dr. Huey’, R. multiflora and R. odorata in
descending order. However, R. × fortuniana was the least tolerant rootstock when
chloride is dominant in the saline solutions, R. odorata was the second least tolerant,
and ‘Dr. Huey’ was the most tolerant. No substantial differences in Cl- concentrations
were found among rootstocks (data not shown). Both R. × fortuniana and ‘Dr. Huey’ had
higher restriction ability of Na+ uptake than the other two rootstocks. It is important to
note that the results from this study may be used as a reference for selecting salt
tolerant rose rootstocks for salt-affected areas. Further research is needed to
investigate if the relative salt tolerance of the scions grafted or budded onto these rose
rootstocks would be consistent with that obtained in this study.
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Table 1. Composition and ion concentrations of irrigation treatment solutions. In the treatment
symbol, M and H represent moderate and high salinity; Cl and SO4 represent dominant salts
of chloride and sulfate, respectively.
Treatment EC
dS·m-1
Control 1.6
M-Cl
3.9
M-SO4 3.9
H-Cl
8.2
H-SO4
7.9

Na
mM
8.0
8.4
9.8
27.2
33.4

Ca
mM
1.3
2.8
3.2
9.0
10.7

Mg
mM
0.8
4.5
5.0
14.5
17.1

Cl
mM
6.3
18.7
6.4
60.5
21.1

SO4
mM
1.6
2.1
9.9
6.8
33.8

Cl/SO4
3.9
8.9
0.6
8.9
0.6

Table 2. Visual scores of four rose rootstocks, ‘Dr. Huey’ (Rosa × hybrida), R. × fortuniana, R.
multiflora, and R. odorata, irrigated with saline solutions at various salinities dominated by
chloride or sulfate salt for 16 weeks. Scores 1 = over 50% foliar damage (salt damage: burning
and discoloring) or dead; 2 = moderate (25-50%) foliar damage; 3 = slight (<25%) foliage
damage; 4 = good quality with little foliar damage (acceptable as landscape performance); 5 =
excellent with no foliar damage.
Rootstock
‘Dr. Huey’
R. × fortuniana
R. multiflora
R. odorata

Control

M-Cl

5.0
5.0
5.0
5.0

4.9
4.8
5.0
4.6

Treatment
H-Cl
M-SO4
5.0
5.0
5.0
4.9

Landscape Section

4.2
2.2
4.5
4.3

H-SO4
4.8
4.6
4.6
4.5
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Figure 1. Dry weight of ‘Dr. Huey’ (Rosa × hybrida), R. × fortuniana, R. multiflora, and R.
odorata irrigated with saline solutions at various salinities with dominant salt of chloride or
sulfate. Means of the same plant part with same letters are not significantly different among the
treatments tested by Student-Newman-Keuls (SNK) at P = 0.05. NS: non-significant. For
treatment symbols, refer to Table 1.
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Responses of Four Rose Rootstocks to Cyclic Drought Stress
Genhua Niu and Denise S. Rodriguez
Texas AgriLife Research Center at El Paso,
Texas A&M System, 1380 A&M Circle, TX 79927
gniu@ag.tamu.edu; drodriguez@ag.tamu.edu

Index Words: Drought stress, landscape irrigation, Rosa spp., water conservation
Significance to Industry: Most garden roses are produced by grafting using Tbudding. Different rootstocks are used in various areas in the world in accordance with
climatic and soil conditions. Selection of drought tolerant rose rootstocks is one of the
strategies to improve garden rose performance in arid and semi-arid regions. This study
compared the growth and physiological responses of four rose rootstocks to cyclic
drought stress.
Nature of Work: Rose is one of the most commonly cultivated plants in the world.
Tremendous information exists for roses on breeding, disease and pest management,
culture and propagation, and postharvest. However, extremely limited studies have
been conducted on rose plant responses to environmental stresses, such as drought
stress, which is becoming an increasing concern in arid and semi-arid regions. To our
knowledge, the only research studies on drought tolerance for landscape roses were
conducted by Henderson et al. (2) and Henderson and Davies (3), who observed
cultivar differences in drought susceptibility. Identifying drought tolerant rose rootstocks
is imperative to improve the performance of garden roses.
Rooted cuttings of rose rootstocks ‘Dr. Huey’ (Rosa ×hybrida), R. ×fortuniana, R.
multiflora Thunb. Ex Murr., R. odorata (Andr.) Sweet, were transplanted on 10 Oct.
2006 to 2.6-L containers containing a substrate mix of 1:1 (by vol.) Sunshine Mix No. 4
(SunGro Hort., Bellevue, WA) and composted mulch (Western Organics, Inc., Tempe,
AZ) amended with 5 kg·m-3 dolomite limestone (Carl Pool Earth-Safe Organics,
Gladewater, TX) and 1 kg·m-3 Micromax (Scott, Marysville, OH). Plants were
transplanted again on 28 Feb. 2007 to 12-L containers containing the same substrate.
All plants were well irrigated until the initiation of treatments with a nutrient solution
containing 0.5 g·L-1 of 20 N–8.6 P–16.7 K (Peters 20–20–20, J.R. Peters Inc.,
Allentown, PA). The average actual greenhouse environmental conditions during the
experimental period were maintained as follows: day temperature at 26 ± 2 °C and night
at 21 ± 1 °C; day relative humidity at 37 ± 4 % and night at 48 ± 7 %; and daily light
integral (photosynthetically active radiation) was 18 ± 4 mol·m-2·d-1.
The drought experiment was initiated on 23 Mar. and terminated in the middle
June, depending on rootstocks. The experiment was a split-plot design with drought as
the main plot and four rootstocks as the subplot with 16 plants per treatment per
species. All plants were pruned to a uniform height on 22 Mar. Mild drought stress was
created by withholding irrigation until a predetermined container weight was reached
and this weight was adjusted as plants grew. This mild drought stress was determined
by measuring the predawn water potential (Ψw, -1.3 to -1.7 MPa) on four indicator
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container weights per rootstock in the drought treatment. Plants were irrigated by
treatment whenever the average of the four containers in that treatment reached the
target weight. The control plants were well watered throughout the experiment. All
plants were irrigated with a micro-spray emitter irrigation system (Roberts Irrigation
Products, Inc., San Marcos, CA). Before ending the treatments, all plants in the drought
treatment received a severe drought stress by withholding irrigation until severe leaf
wilting (Ψw, <-2.0 Mpa).
Upon termination, four indicator plants plus another four randomly picked plants
per rootstock were destructively harvested to determine the fresh and dry weights of
shoots, leaves, and roots. Dry weights of shoots, roots and leaves were determined by
oven-drying at 70 °C to a constant weight. Since dry weight of substrate was needed in
order to determine the substrate moisture contents, roots were separated from the
substrate without washing. A two-way analysis of variance procedure was used to test
the effects of drought stress and rootstock on plant growth. When differences were
found, means were separated across the eight groups, four rootstocks in the control and
drought (with interaction between treatment and rootstock) by Student-Newman-Keuls
multiple comparisons.

Results and Discussion: Drought treatment and rootstock had interactive effects on all
growth parameters, indicating that plant growth response to drought stress differed
among rootstocks. Stem DW was highest in R. odorata, followed by R. multiflora under
well-watered condition (Fig. 1A); however, R. odorata under drought-stressed condition
had the lowest stem DW. Leaf DW was highest in R. odorata, followed by R. multiflora
under well-watered condition, and all other treatments had similar leaf DW (Fig. 1B).
Root DW was highest in R. multiflora under well-watered condition, followed by R.
multiflora under drought-stressed condition, and R. fortuniana under both well-watered
and drought-stressed conditions had the lowest root DW (Fig. 1C). Total DW was
highest in R. odorata and R. multiflora under well-watered condition and all other
treatments had similar total DW (Fig. 1D). Root to shoot ratio was highest in R.
multiflora under drought-stressed condition, followed by R. multiflora and R. ‘Dr. Huey’
under well-watered, and R. odorata under drought-stressed conditions. Rosa fortuniana
under both well-watered and drought-stressed conditions and R. odorata under wellwatered condition had the lowest root to shoot ratio (Fig. 1E). Leaf area was highest in
R. multiflora, followed by R. odorata under well-watered condition, and R. odorata under
drought-stressed condition had the lowest leaf area (Fig. 1F).
For both R. fortuniana and R. ‘Dr. Huey’, there were no differences in all growth
parameters between the drought and the control, indicating that drought treatment did
not affect the growth of these two rootstocks. For R. multiflora and R. odorata,
significant differences between the drought and the control were found in some growth
parameters and the differences were larger in R. odorata than in R. multiflora. Drought
tolerant plants maintain a relatively high growth rate and productivity under drought
stress (4). Therefore, from the growth point of view, R. fortuniana and R. ‘Dr. Huey’
were more drought tolerant than R. multiflora; and R. odorata was the least tolerant to
drought stress. A high root to shoot ratio is an important attribute to tolerate drought
stress because a high root to shoot ratio implies a large root system, which leads to
high capacity to extract soil moisture (1). Rosa multiflora had the highest root to shoot
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ratio, and the ratio increased under drought stressed conditions, which may indicate that
R. multiflora may have higher survival rate under drought stress by reducing shoot
growth.

Literature Cited:
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Growth Regulation 20:135-148.
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to low moisture levels and a hydropophilic gel. Sci. Hort. 46: 129-135.
3. Henderson-Cole, J.C. and F.T. Davies. 1993. Drought response of low and high
maintenance landscape roses. J. Environ. Hort. 11: 59-63.
4. Ngugi, M.R., D. Doley, and M.A. Hunt. 2004. Physiological responses to water stress
in Eucalyptus cloeziana and E. argophloia seedlings. Trees 18:381-389.

Figure 1. Stem, leaf, root and total dry weight (DW), root to shoot ratio, and leaf area of
four rose rootstocks, ‘Dr. Huey’ (Rosa × hybrida), R. × fortuniana, R. multiflora, and R.
odorata under well-watered or drought-stressed conditions. Means of the same plant part
with same letters are not significantly different among the treatments tested by StudentNewman-Keuls (SNK) at P = 0.05. Vertical bars represent standard errors (n = 8).
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Late-blooming Deciduous Magnolia Cultivars
Gary W. Knox
University of Florida, Institute of Food and Agricultural Sciences,
North Florida Research and Education Center, Quincy, FL 32351
gwknox@ufl.edu

Index Words: Magnolia stellata, Magnolia hybrid, variety trialing, peak flowering date.
Significance to Industry: Use of later-blooming deciduous magnolia cultivars can help
avoid freeze damage to flowers. Three to 5 years of north Florida flowering data were
used to determine mean date of peak flowering for each of 34 deciduous magnolia
selections. Cultivars recommended as late-blooming selections (flowering 1 March or
later in north Florida) were 'Leather Leaf', 'Jon Jon', 'Marillyn', 'Ann', 'Athene', 'Leonard
Messel', 'Jane' and 'Maxine Merrill'.
Nature of Work: Weather during most of winter 2006-2007 was unseasonably mild for
much of eastern North America (5). In north Florida, spring-like temperatures in late
December and early January forced many deciduous magnolias into flower as much as
6 weeks earlier than usual. Normal winter weather reached the area in late January and
February and sub-freezing temperatures damaged many magnolia flowers. Weather is
unpredictable, so planting magnolia selections that bloom later can help avoid frost and
freeze damage.
Most widely grown deciduous magnolias were selected from early springblooming yulan magnolia (Magnolia denudata), lily magnolia (Magnolia liliiflora), star
magnolia (Magnolia stellata) and their hybrids (1, 4). Many selections of these species
and hybrids begin flowering in late December and January in north Florida, with peak
bloom occurring in January and February. Many newer, improved hybrids flower later,
thus reducing the risk of frost damage.
To characterize the flowering sequence of magnolia cultivars in north Florida, I
evaluated flowering data collected from 2003 to 2007 at a planting at the University of
Florida/IFAS North Florida Research and Education Center (NFREC) in Quincy, Florida.
Statistical comparisons of cultivar flowering dates were not possible because this
planting includes only one plant of each cultivar, trees were not the same size at
planting and all trees were not planted at the same time. However, comparative
flowering times of established trees over several years may be of interest.
More than 95 cultivars and species of Magnolia have been planted at the NFREC
in Quincy, Florida (3; USDA Cold Hardiness Zone 8b, AHS Heat Zone 9). Trees were
planted from #3, #5 or #7 containers in 2000-2003 and are 20 ft apart on center. Trees
are drip irrigated weekly and fertilized each spring with a slow release fertilizer applied
within 3 ft of the trunk at a rate of 6 lb N/1000 ft².
The site has an elevation of about 190 ft and is located at 30°:32’:67”N and
84°:35’:79”W, about 10 miles south of the Georgia state line, 20 miles west of
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Tallahassee, Florida, and 50 miles north of the Gulf of Mexico. The soil is a Ruston
loamy fine sand with pH of 5.8. Annual rainfall from 2003 through 2006 was 47.9, 58.2,
54.6 and 41.2 inches, respectively, as compared to the average annual precipitation of
56.3 inches (2). Minimum temperatures at NFREC were 16, 24, 23, 24 and 20°F for
winters 2002/2003 through 2006/2007, respectively, as compared to the mean minimum
of 15°F for 1971-2000 (2, 6).
Number of flowers on each magnolia has been recorded weekly, year-round,
since 2003. "Flowers" for our counting purposes include flower buds showing color (i.e.,
buds where perules have fallen, exposing outer tepals of unopened flowers). These
flowering data allow us to determine date of peak flowering, the date on which the
maximum number of flowers was recorded during the year.
Variable planting dates and tree sizes at planting might affect flowering. To avoid
these potentially confounding situations and improve validity of flowering comparisons, I
limited cultivars for evaluation to those having 20 or more flowers open at one time at
least once per year during 3 of the past 5 years. The criterion of 20 flowers was chosen
arbitrarily since staff and I felt that 20 flowers indicated a significant, minimum number
of flowers blooming at one time characteristic of established, healthy trees. Similarly,
averaging data from 3 or more years with 20 flowers also would serve to further validate
tree establishment and typical flowering at this site.

Results and Discussion: Mean date of peak flowering was calculated for 34 selections
having 20 or more flowers at peak bloom for at least three of the past five years (Tables
1 and 2). Table 1 lists selections derived from Magnolia stellata ranked by mean date of
peak bloom at Quincy, Florida; Table 2 lists deciduous selections derived from
additional Magnolia species and hybrids other than M. acuminata.
Dates of peak flowering for cultivars listed in Tables 1 and 2 should be similar in
other locations along the Gulf Coast and would occur progressively later moving north.
Flowering sequences of these cultivars roughly coincide with relative bloom periods
attributed to groups of hybrids by Callaway (1). Data in Table 2 contributes information
on some hybrids not easily classified into a group.
Gardeners in higher latitudes may be surprised that M. stellata selections
flowered in north Florida at the same time as M. ×soulangeana and some other hybrid
selections. The rapidly warming temperatures typical of late winter/early spring in north
Florida may accelerate flowering and compress flowering seasons.
Several cultivars derived from M. stellata and other species and hybrids can be
recommended as late-blooming selections to avoid frost damage. Cultivars flowering 1
March or later in north Florida are 'Leather Leaf', 'Jon Jon', 'Marillyn', 'Ann', 'Athene',
'Leonard Messel', 'Jane' and 'Maxine Merrill'.
Acknowledgements: Special thanks to volunteer Jill Williams for dedicated flowercounting. Thanks also to Tom Batey, John Zadakis, Jim Aldrich and other current and
former staff for their assistance with magnolia garden maintenance and data collection.
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Table 1. Mean dates of peak flowering and number of years with 20 or more flowers at
peak flowering (2003 – 2007) for cultivars derived from Magnolia stellata and its hybrids.

Cultivar
Alixeed
Merrill
Emma Cook
Chrysanthemumiflora
Centennial
King Rose
Ann
Leonard Messel
Jane
Maxine Merrill

Mean date of
peak
flowering1
January 27 ±
11.4
February 3 ±
11.6
February 10 ±
8.7
February 21 ±
8.2
February 26 ±
9.0
February 28 ±
6.9
March 6 ± 5.2
March 10 ±
4.0
March 16 ±
4.3
March 21 ±
1.7

Number of
years
averaged2
4
4
4
3
3
4
5
4
5
3

1

Mean date of peak flowering ± standard error (days) for those years between 2003 and
2007 with 20 or more flowers at peak.
2
Number of years from 2003 through 2007 with 20 or more flowers recorded at peak
flowering.
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Table 2. Mean dates of peak flowering and number of years with 20 or more flowers at
peak flowering (2003 – 2007) for deciduous hybrid Magnolia cultivars not derived from
M. acuminata or M. stellata.
Cultivar

Mean date of peak
1
flowering

Number of years
averaged2

Royal Crown

January 26 ± 8.3

4

Todd Gresham

January 26 ± 9.8

4

Moondance

February 5 ± 6.9

3

Pink Goblet

February 5 ± 6.9

3

Paul Cook

February 9 ± 8.3

3

Apollo

February 10 ± 9.1

3

Full Eclipse

February 10 ± 9.0

5

Sarah's Favorite

February 10 ± 9.9

4

Candy Cane

February 13 ± 8.5

4

Sentinel

February 13 ± 8.5

4

Anticipation

February 14 ± 9.3

4

Elisa Odenwald

February 14 ± 8.2

4

Firefly

February 14 ± 4.4

3

Galaxy

February 14 ± 8.8

4

Heaven Scent

February 14 ± 7.6

4

Rustica Rubra

February 14 ± 9.3

4

Forrest's Pink

February 15 ± 7.5

5

Joe McDaniel

February 15 ± 7.5

5

March Til Frost

February 16 ± 6.7

3

Sayonara

February 16 ± 8.9

4

Big Pink

February 25 ± 5.5

5

Dark Shadow

February 25 ± 6.4

5

Leather Leaf

March 1 ± 8.0

3

Jon Jon

March 2 ± 6.0

5

Marillyn

March 6 ± 12.6

5

Athene

March 8 ± 3.4

4

1

Mean date of peak flowering ± standard error (days) for those years between 2003 and
2007 with 20 or more flowers at peak.
2
Number of years from 2003 through 2007 with 20 or more flowers recorded at peak
flowering.
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Morphological Differences Between Liriope and Ophiopogon
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Key Words: Liriope, Ophiopogon, morphology, groundcovers
Significance to Industry: The results obtained in this study demonstrate simple
techniques for determining the morphological difference between Liriope and
Ophiopogon to be used by the nursery industry. This information will allow those who
are interested in correct identification of the liriopogons (collective term for Liriope and
Ophiopogon) for groundcovers to begin correctly identifying species and placing the
numerous new cultivars that are being developed into the proper category.
Nature of Work: The wholesale nursery industry in the Southeastern United States is
involved in a two hundred and seventy five million dollar business supplying
groundcovers for residential and commercial landscapes. Liriope and Ophiopogon far
exceed other plants in groundcover sales. The plants are commonly misnamed in
nurseries and catalogues and pictures in books are not reliable (Bailey, 1929). Because
of their increasing use as groundcovers and borders in the Southeastern United States,
there is a need for accurate plant identification. Liriope and Ophiopogon are
represented by numerous species and cultivars which are further confused
taxonomically because often the genera are incorrect. Binomials are intended to convey
information beyond distinguishing one plant from another; the names reflect relatedness
among groups of plants (Denny and Arnold, 2007). The first step in correctly naming
these liriopogons is to have the genera correctly identified. Some of the confusion
regarding correct naming of these plants is due to the difficulty distinguishing them, as
many liriopogons look similar vegetatively. In the nursery trade they are referred to as
lilyturfs, mondo grass, Aztec grass, Liriope, bordergrass and monkey grass (Frantz,
1993).
The purpose of this report is to highlight morphological features useful for identifying
liriopogons. Rudall (2000) described Ophiopogon as having a hemi-epigynous ovary.
According to Cutler (1992) flowers droop in Ophiopogon and they are erect or
ascending or nearly sessile in Liriope. Skinner (1971) described Ophiopogon as having
nodding flowers and sub-inferior ovaries. Foliage is too much alike to distinguish the
genera. The flower structure is the place to find reliable generic distinction (Hume,
1961). Bailey (1929) described Ophiopogon flowers as drooping, the perianth more or
less attenuate or prolonged at base and bell-shaped or cylindrical, the ovary inferior
(joined with the perianth), anthers long-pointed and more or less united about the style
which is straight or slightly curved (not bent), filaments very short or almost none
(Bailey, 1929).
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The objective of this study was to determine by morphological examination which
commonly used cultivars of liriopogons are Ophiopogon and which are Liriope. Cultivars
from Doug Young Nursery, Forest Hill, Louisiana and PDSI in Loxley, Alabama were
planted and grown in research plots at Burden Center, Baton Rouge, La. Inflorescence
were examined and pictures taken to determine if flowers were erect or drooping in
each species. The inflorescences were removed and dissected for microscopic view at
the Louisiana State University Herbarium and viewed by an Olympus SZX12 compound
microscope. Pictures of the ovary insertion were taken with an Olympus America
597809 digital six mega pixal camera and the research stereomicroscope system linked
to a Dell computer and processed using Olympus MicroSuite software. Pictures of the
dissected flowers showing ovary insertion and stamen filaments were saved in the
Louisiana State University Herbarium image database.

Results and Discussion: Morphological characteristics are genera specific in the
pictures of dissections of Liriope and Ophiopogon (Figures 1 and 2). Dissections show
ovary insertions and stamen filaments. Through anatomical and molecular studies,
Cutler (1992) and Mcharo et al., (2003) respectively, place Ophiopogon and Liriope as
possibly one genus, however, morphological characteristics are used in this study for
the green industry professionals. The nurseryman wants a technique of identifying
genera to insure consistency. According to Hume (1961) and Rudall (2000), ovary
insertion for Ophiopogon is hemi-epigynous (semi-inferior). This was supported by
dissections done on five species of Ophiopogon. The stamen filaments are less than 1
mm and appear sessile. The anthers are taller than the filaments and pointed. The
anthers are greenish yellow, sharp-pointed, central in compact circle around the style,
style straight, extending about 2 mm beyond anther-tips (Hume, 1961). Hume’s
description of stamen was also supported by dissection and examination of five species
of Ophiopogon under the LSU Herbarium microscope for this research. Bailey (1929),
Hume (1961), Skinner (1971), Fantz (1994), and Rudall (2000) agree that ovary
insertion for Liriope is hypogynous (superior). This was supported by dissections
performed on fourteen species of Liriope for this research. The stamens were also
examined upon dissection and found to have stamen filaments longer than the anthers
and curved. Of the nineteen different cultivars examined five were identified as
Ophiopogon with nodding flowers and fourteen as Liriope with erect flowers (Figures 3
and 4). These results concur with previous research and provides a method for
determining differences between Ophiopogon and Liriope.
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Figure1. Ophiopogon ovary

Figure2. Liriope ovary
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Figure3. Liriope inflorescence

Figure4. Ophiopogon inflorescence
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Performance of Cold Hardy Camellias in Tennessee
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Index Words: Cold hardiness, camellias, Camellia japonica, C. sasanqua, C.
cuspidata, C. chekiangoleosa
Significance to the Industry: Recent hybridization of camellias has yielded several
selections recognized as cold hardy to USDA Hardiness zone 6. Based on this
evaluation, ‘April Remembered’, ‘Arctic Snow’, ‘Berenice Boddy’, ‘Pink Icicle’, ‘Spring’s
Promise’, and C. cuspidata performed well in Zone 6 landscapes in Middle Tenn. Other
selections such as ‘Jury’s Yellow’, ‘Kumasaka’, and ‘C.M. Hovey’ performed poorly
during the 5-year evaluation.
Nature of Work: Camellias are large, attractive, broad-leaved, evergreen shrubs that
are grown for their dark evergreen foliage and varied colored flowers which can bloom
in the fall, through winter and into spring. Camellias are used as large specimen shrubs,
and in shrub borders and screens, but the main ornamental feature is their showy
flowers. One major limitation to camellia culture is their lack of sufficient cold hardiness
which primarily limits their landscape use to USDA Plant Hardiness zones 7 and 8.
However, some camellias have been injured in USDA plant zone 7 when subjected to
extreme cold temperatures prior to establishment into the landscape (3). In the past 20
years, camellia breeders have concentrated on improving cold hardiness and several
selections hardy to zone 6 have been released (1).
A camellia trial was initiated at the TSU Nursery Research Center in McMinnville, TN to
evaluate cold hardiness in USDA Plant Hardiness zone 6 and AHS Plant Heat-Zone 7.
In April 2002, 21 camellia selections, including C. japonica, C. cuspidata, C.
crassissima, C. chekiangoleosa, and inter-specific hybrids of C. japonica, C. sasanqua,
and C. oleifera were planted in full sun in a Wayneboro silt loam soil (Table 1). Plants
were spaced 1.8 m (6 feet) in rows spaced 3.1 m (10 feet) apart and received
supplemental drip irrigation during the first 3 years of the evaluation. Data collected
included annual growth indices ((height+width1+width (perpendicular to width1)/3),
weekly flower counts of buds or flowers showing color and foliar ratings for winter
damage. Winter damage was rated using the following scale: 1= foliage healthy, 2= up
to 25% damage (including marginal burn, tip dieback) of the foliage, 3= up to 50%
damage, 4= up to 75% damage, 5= 100% damage, and 6= dead. A severe freeze
occurred from April 9-11 in 2007 which caused trunk damage (bark split) and foliage
and stem dieback (damaged assessed on April 27 and August 21, trunk damage data
not shown). The scale used for the post-freeze damage was 1= no damage, 2= slight
damage, 3=moderate damage, 4= severe damage and 5=dead.
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Eight single plant replications were planted in a randomized block design. Data was
analyzed using PROC GLM of SAS statistical package (SAS Institute, Cary NC). Means
were separated using Fisher’s Protected LSD at α = 0.05.

Results: The seven selections which grew the best in Middle TN based on growth
indices were C. cuspidata , ‘April Dawn’, ‘April Remembered’, ‘Arctic Snow’, ‘Berenice
Boddy’, ‘Pink Icicle’ and ‘Spring’s Promise’. ‘Arctic Snow’ and ‘Pink Icicle’, both C.
oleifera hybrids, were the only two selections with fastigiate growth habit evaluated and
they had the greatest height growth (Table 1).
Of the 21 selections tested, 3 selections consistently flowered well: C. cuspidata, ‘April
Remembered’ and ‘Berenice Boddy’. All three were among the 5 selections with the
highest flower counts from 2005-2008 (Table 2). ‘Spring’s Promise’ performed well from
2004-2007 but the April 2007 freeze reduced flower numbers during the flower season
in 2007-2008.
The cultivars evaluated, with the exception of ‘Arctic Snow’ and ‘Pink Icicle’, are hybrids
of C. japonica, which is typically a zone 7 and 8 plant and considered spring flowering,
from February to May. (Fig 1.) (only Fall 05-Spring 06 data shown). The exceptions are
‘Arctic Snow’, which blooms from October to November and ‘Spring’s Promise’, which
usually has an extended bloom period starting in late December and lasting until April.
The April freeze in 2007 delayed the onset of its initial bloom to February 2008.
The only 3 selections which increased the average flower count after the April 07 freeze
were ‘April Kiss’, ‘Blood of China’ and ‘Pink Icicle’ (Table 2). The remaining selections,
‘April Remembered’, ‘Spring’s Promise’, and ‘Berenice Boddy’, were adversely affected
and had the largest reduction in flower numbers (952.8, 539.6, and 274.9 per plant in
2008), respectively).
‘C.M Hovey’ and ‘Jury’s Yellow’ consistently were the 2 worst performing selections in
terms of growth and flower counts (Tables 1 and 2). ‘Jury’s Yellow’ averaged 16 flower
buds per plant the first year in the evaluation. However, lack of plant vigor and
hardiness in the following years affected flower bud development and resulted in a
decline of flower buds on ‘Jury’s Yellow’ while other selections had increased flower
counts.
Cold Damage. Middle Tenn climatic area is often referred to as a transition zone and
can have extreme hot or cold temperature as occurred in April 2007. Foliage and stems
of camellia plants may not be damaged; freezing temperatures during the bloom period
will damage or kill flower buds. Camellia flower buds naturally open over a period of
time; subsequently, warm weather will result in undamaged buds opening.
‘Jury’s Yellow’, ‘Kumasaka’, and ‘C.M. Hovey’ had the most winter damage during the
evaluation with ratings of nearly 100% injury (Table 2). Winter damage ratings were
conducted in April or May each year but by June and July the damage is usually
imperceptible due to the new flush of growth and the natural shedding of the old
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damaged leaves. If plant mortality of a selection occurred then averages only reflect
live plants in subsequent ratings.
The effects of the freeze in April 2007 and the subsequent drought were quantified in
the post-freeze plant ratings in April and August (Table 1). ‘Jury’s Yellow’ had the most
damage to the foliage and stems and did not recover. ‘Turandot’ foliage was damaged
from the spring freeze and drought of 2007, but new growth masked some of the
severity. C. cuspidata and ‘Prof. Charles S. Sargent’ suffered shoot freeze damage but
had recovered slightly by August with new growth. The reverse is true for trunk damage:
both C. cuspidata and ‘Prof. Charles S. Sargent’ had minimal freeze trunk damage in
April but by August had progressed such that the average rating increased to 1.2 and
1.3, respectively.

Conclusion: Based on the criteria of plant vigor, dark evergreen foliage that does not
suffer bronzing from winter damage and long flowering time and high flower incidence,
‘April Remembered’, ‘Spring’s Promise’, and ‘Berenice Boddy’ are among the best
performing camellias in Middle TN. ‘Berenice Boddy’ is a C. japonica selection known
for its cold hardiness (4) and is the female parent for both ‘April Remembered’ and
‘Spring’s Promise’ (2). These three selections not only had high flower counts but the
flowers were borne on the perimeter of the foliage and thus showed up well against the
dark green foliage.
Two other selections that performed well in this evaluation are C. cuspidata and C.
chekiangoleosa. C. cuspidata has fine textured leaves and an open bushy growth habit.
Flowers are not as large or showy as previously mentioned selections; however, the
fragrant, pendulous white flowers cover the entire plant in spring. C. chekiangoleosa, a
species similar to C. japonica, has large velvety red flowers as well as extremely large
edible fruit.
‘Jury’s Yellow’ never performed well at our site although it did flower well the first year
after planting. ‘C.M. Hovey’ and ‘Professor Charles S. Sargent’ are not recommended
for Zone 6, due to slow growth and a small number of flowers. Although ‘April Snow’ did
bloom, the large creamy white flowers are born inside the foliage preventing a showy
display. A red-flowering selection, ‘Blood of China’, flowered well in 2007-2008 but
previously the flower buds had a tendency to bull-nose and never fully open. Most of
the buds were low on the plant (within a foot of the ground) and did not contribute to the
overall showiness of the plant.
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Table 1. Increase in growth and cold and drought damage ratings of 21 camellias in McMinnville, TN from 2003-2008.

Camellia
April Blush
April Dawn
April Kiss
April Remembered
April Snow
April Tryst
Arctic Snow
Berenice Boddy
Betty Sette
Blood of China
CM Hovey
Jury's Yellow
Kumasaka
Paulette Goddard
Pink Icicle
Prof. Charles S. Sargent
Spring's Promise
Turandot
C. chekiangoleosa
C. crassissima
C. cuspidata

GI IncreaseX
W
81.8 gh
122.3 abcde
118.5 bcde
138.9 ab
83.0 gh
111.8 cdef
133.7 abc
124.9 abcde
101.8 efgh
104.9 defg
84.3 gh
42.9 i
91.1 fgh
114.0 cdef
139.3 ab
79.8 h
126.7 abcd
103.2 defgh
102.8 defgh
108.7 def
144.8 a

Mean Winter Damage
Z
Ratings
Spring 2004 Spring 2008
5.0 ab
1.0 e
4.4 abcde
1.4 cde
4.7 abc
1.4 cde
4.9 abc
1.5 bcde
4.6 abcd
1.4 cde
4.6 abcd
1.6 abcde
3.6 e
1.4 cde
4.4 abcde
1.1 e
3.9 de
1.5 bcde
4.3 bcde
1.9 abcde
4.9 abc
1.1 e
5.0 ab
2.3 abc
5.0 ab
1.1 e
4.8 abc
2.1 abcd
4.7 abc
1.7 abcde
4.7 abc
2.4 ab
4.4 abcde
1.6 abcde
4.1 cde
2.5 a
4.7 abcd
1.6 abcde
5.0 ab
1.0 e
5.1 a
1.3 de

Mean Post-Freeze Plant
Y
Rating, April 2007
Foliage
Stem
2.3 cde
2.5 cd
1.8 de
1.3 fg
2.1 cde
1.0 g
2.1 cde
1.7 efg
2.7 bc
1.4 efg
2.7 bc
3.0 c
2.1 cde
3.1 bc
2.4 cde
2.1 def
2.3 cde
1.9 def
2.2 cde
1.0 g
1.7 de
1.7 efg
3.8 a
3.8 ab
2.8 bc
2.5 cd
2.0 cde
1.0 g
2.6 bc
2.2 de
3.3 ab
3.8 ab
2.6 bc
1.8 def
3.2 ab
2.0 def
1.6 e
1.7 efg
2.0 cde
1.0 g
2.5 bcd
3.9 a

Mean Post-Freeze Plant
Y
Rating, August 2007
Stem
Foliage
1.3 abcd
1.0 b
1.3 abcd
1.1 b
1.0 d
1.0 b
1.1 cd
1.0 b
1.4 abcd
1.6 b
1.9 ab
1.5 b
1.1 cd
1.7 b
1.1 abcd
1.0 b
1.4 abcd
1.7 b
1.5 abcd
1.8 b
1.1 cd
1.6 b
2.0 a
3.1 a
1.2 abcd
1.4 b
1.3 abcd
1.8 b
1.4 abcd
1.7 b
1.6 abcd
1.6 b
1.1 bcd
1.3 b
2.0 a
1.4 b
1.9 abc
1.0 b
1.0 d
1.3 b
1.3 abcd
1.9 b

Z

Winter damage rating scale: 1: foliage healthy, 2: up to 25% damage, 3: up to 50% damage, 4: up to 75% damage, 5: 100% damage, and
6: dead.
Y

Post-freeze rating scale: 1: no damage, 2: slight stem damage, 3: moderate stem damage, 4: severe stem damage and 5:dead.

X

Growth index is calculated using the following formula: [height+width1 +width2 (perpendicular to width1)]/3. The growth index (GI)
increase is determined by subtracting the growth index in 2002 from the final growth index in May 2008.
W

Means in the column followed by the same letters are not significantly different at α = 0.05, Fisher's protected LSD.
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Table 2. Mean total yearly flower count for 21 camellia selections grown in McMinnville, TN from
Z
2002-2008.

Selection
April Blush
April Dawn
April Kiss
April Remembered
April Snow
April Tryst
Arctic SnowZ
Berenice Boddy
Betty Sette
Blood of China
C.M. Hovey
Jury's Yellow
Kumasaka
Paulette Goddard
Pink Icicle
Prof. Charles S. Sargent
Spring's Promise
Turandot
C. chekiangoleosa
C. crassissima
C. cuspidata

Fall 2002Spring2003
0.0 g
16.9 bcdefg
87.5 a
8.9 defg
22.8 bcdef
16.5 cdefg
6.3 efg
35.9 bc
84.6 a
0.0 g
28.4 bcd
16.0 cdefg
41.4 b
4.3 g
10.5 defg
28.9 bcd
26.8 bcde
0.0 g
9.6 defg
31.4 bc
16.9 bcdefg

Fall 2004Spring2005
13.5 g
79.5 bcd
37.1 defg
72.9 bcde
8.0 g
26.5 efg
112.3 bc
71.6 bcde
64.3 cdef
19.0 fg
117.5 b
5.6 g
106.0 bc
20.5 fg
66.6 cdef
8.5 g
93.8 bc
259.9 a
1.3 g
0.1 g
34.5 defg

Fall 2005Spring2006
61.4 e
130.4 cde
27.0 e
261.0 bc
4.4 e
12.5 e
340.5 ab
434.6 a
69.8 e
0.6 e
1.1 e
0.0 e
101.1 de
18.0 e
228.6 bcd
8.1 e
275.9 bc
104.1 de
24.5 e
2.9 e
298.6 ab

Fall 2006Spring 2007
159.0 de
422.3 bc
74.3 de
1325.9 a
128.1 de
94.4 de
142.6 de
482.5 bc
123.3 de
3.9 e
0.4 e
6.3 e
249.4 cd
72.5 de
168.0 de
25.0 de
615.4 bc
140.1 de
68.4 de
10.6 de
471.6 bc

Fall 2007Spring 2008
24.1 f
224.1 bcd
76.0 def
373.1 ab
13.8 f
5.6 f
0.0 f
207.6 cde
7.4 f
42.1 f
0.3 f
0.0 f
67.6 def
7.1 f
395.3 a
0.0 f
75.8 def
39.0 f
57.6 ef
7.5 f
316.9 abc

Z

Mean total flower count is determined by averaging the sums of the weekly bloom counts for each plant
for that bloom season.
Y

Means in the column followed by the same letters are not significantly different at α = 0.05.

X

Counts were not taken during the fall of 2007.
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Flowering period for Camellia evaluation, 2005-2006.

5/29/06

5/14/06

4/29/06

4/14/06

3/30/06

3/15/06

2/28/06

2/13/06

1/29/06

1/14/06

12/30/05

12/15/05

11/30/05

11/15/05

10/31/05

10/16/05

10/1/05

Arctic Snow
Spring's Promise
Professor Charles S. Sargent
Berenice Boddy
April Dawn
CM Hovey
C. cuspidata
cuspidata
C.
Pink Icicle
April Kiss
C.
C. crassissima
crassissima
April Remembered
April Blush
Turandot
Betty Sette
Kumasaka
C. chekiangoleosa
chekiangoleosa
April Snow
April Tryst
Paulette Goddard
Blood of China
Jury's Yellow

Date
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Designing a Rooftop Horticultural Therapy Garden for a Geriatric Behavior Center
Curtis Stewart, Associate Professor, Jenny Pfeffer, Graduate Student
and Dr. Dennis Deyton, Professor,
Department of Plant Sciences, University of Tennessee, Knoxville, TN 37996-4561
cstewa18@utk.edu

Index Words: Horticultural Therapy, healing garden design, sensory plants,
Significance to the Industry:
As the population ages, the health care industry faces ever increasing pressures to
provide for the needs of the elderly. Studies abound describing the physical, emotional,
sociological, spiritual and psychological benefits humans experience with close
interactions with plants and natural environments. The field of Horticultural Therapy is
experiencing tremendous growth. With that growth comes increased opportunities for
horticulturalists, landscape architects, gardeners, etc. to work with health care
professionals to design and build restorative, safe, passive recreational and ultimately
healing spaces.
The plant material used in sensory gardens for geriatric and other horticultural therapy
landscapes varies widely according to the goals and desired outcomes of the health
care facility, user groups, available space and micro-environment. Addressing these
diverse parameters increases marketing and outreach opportunities for plant growers,
designers and installers.

Nature of Work:
Therapeutic gardens are specially designed to reduce stress by presenting
opportunities for exercise, encouraging safe social interaction, and providing exposure
to familiar nature (1, 2).
A new building was built at Parkwest Hospital, Knoxville, TN with the Riverstone Senior
Behavioral Center on the top floor. The Center was built with controlled access to
provide advanced level of care for older psychiatric patients for stays of five to ten days
while recovering. An adjoining section of the roof was built as an outdoor space with
adequately supported floor for future development as a rooftop garden. The Center
requested assistance in planning and designing the garden.
Characteristics of the Site: The room’s floor had a standard EPDM roofing membrane
system sloping to a drain in the center. The room was 7.9 m (26 ft) long by 5.5 m (18 ft)
wide with 5.2 m (17 ft) tall aluminum panel covered side walls with the top open to the
weather. A door connected the garden to the Center and an outside wall contained a
large exterior window. A water source, electricity, and lighting were already provided to
the outdoor space (Fig.1).
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Design Elements for Horticultural Therapy Garden: Several concepts were developed to
find the best fit for this small space while meeting the programmatic needs of the
Center. The final courtyard-style design resembles a home-like deck space functioning
as a healing or wellness amenity for patients and restive break area for staff (Fig. 2).
The floor of the garden was designed with raised decking floor (for leveling and water
drainage) composed of removal sections of Bison Ipê Wood tiles (61 cm by 61 cm / 2 ft
by 2 ft). The tiles are lightweight, extremely durable, and easy removed. The deck
flooring can be leveled by Bison adjustable supports that can be laid directly on the
EPDM roofing membrane. An arbor covered ramp was designed to facilitate entrance
into the courtyard. The ramp (5% slope and 1.52 m / 5 ft width) and seating benches
were designed to meet wheelchair accessibility requirements (3). Plant trellises and
hanging pots were placed along long walls to enhance the outdoor ambience of the
garden and create vertical visual stimulation while softening the harsh wall panels. The
garden design also includes a pond-less waterfall for sight and sound stimulation.
Multiple level triangular shade fabrics acting as sails were designed for installation
overhead to provide shade and reduction of the visual height of the outdoor room.
The planting beds were designed to accommodate Roof Top Garden Systems, which
are modular plant bed containers (GreenTech®, Roswell, GA) measuring 1.2 m by 1.2
m by 22 cm depth (4 ft by 4 ft by 8.5 in) supported to a height of 0.6 m ( 2 ft) (for project
flexibility, ease of repair, light weight, etc.) (Fig. 3). They were designed along the walls
for better use of the restrained space. Seating bench-planters (Fig. 8b) were designed
with 61 cm (24 in) heights to meet wheelchair accessibility requirements. The plant
material chosen for the sensory beds consisted of 90% native plants were selected for
multiple sensory stimulation (Table 1). The open space in the center of the garden was
designed for the varied therapies offered by the Center, meetings, etc..

Results and Discussion:
Providing a readily accessible space for meeting varied needs of the Center’s patients
and staff has become a critical need for the long term success of the Riverstone Senior
Behavioral Center. By planning and designing for these improvements to an otherwise
unused roof area, the hospital will save tens of thousands of dollars in new construction.
Time utilization will also be maximized by having the therapy garden literally right
outside the door. Therapy programs and the staff workplace environment will both be
greatly enhanced.
By optimizing the design for a controlled space, management of hospital resources will
also be improved. Additionally, the selection, use and management of the sensory plant
material and garden amenities in this space will be more easily managed, allowing the
Center’s staff more time and energy to devote to the patient’s well-being and healing.
As space allocation and asset management become more critical objectives of hospitals
and other service providers, this project illustrates the potential to meet those
objectives. By using creative design and problem solving, educated administrations and
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an ever diversifying and flexible green industry can help meet and exceed the health,
safety and welfare needs of the public through projects like this. Currently, Parkwest
Hospital is initiating a capital fund-raising campaign to make this rooftop horticultural
therapy garden a reality.

Literature Cited:
1. Cooper-Marcus, C. and M. Barnes. 1995. Gardens in Healthcare facilities: uses,
therapeutic benefits, and design recommendations. Martinez, CA: Center of
Health Design.
2. Ulrich, R.S. 1999. Effects of gardens on health outcomes: theory and research,
p.27-86. In: C. Cooper Marcus and M. Barnes (eds.) Healing Gardens.
Therapeutic benefits and design recommendations. Wiley, New York.
3. ADA Standards for Accessible Design. www.usdoj.gov/crt/ada/stdspdf.html.

Table 1. Examples of plants for sensory stimulation.
Sense to
Stimulate

Common
Name

Vision
Vision
Smell
Smell
Smell
Touch

Coleus
Blazing Star
Marigold
Herbs
Moonflower
Lamb's ear
Creeping
Thyme
Coral Bells
Herbs
Strawberries
Lavender

Touch
Touch
Taste
Taste
Taste

Scientific Name
Solenostemon
scutellaroides
Liatris sp.
Tagetes sp.
Many Species
Ipomoea alba
Stachys byzantina

Life Cycle

Thymus serphyllum
Heuchera sanguinea
Many species
Fragaria X ananassa
Lavandula angustifolia

Annual
Perennial
Annual
Perennial
Annual
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A

B

Figure 1. A) Floor View of Courtyard Space with entrance door, aluminum panel
covered walls and EPDM covered floor. B) Aerial View of Courtyard Space showing
open top and window to the outside.
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Figure 2. Healing Courtyard Final Design.

Figure 3. Detailed section of modular plant bed container with seat bench.
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Effect of Geotextiles on Soil pH, Organic Matter, and Macronutrient Availability
Derald A. Harp, David Colbert, and Hanan Gopffarth
Texas A&M-Commerce, Dept of Ag Sciences, Commerce, TX 75482
Derald_Harp@TAMU-Commerce.edu

Index Words: Landscape fabric, nitrogen, phosphorus, potassium
Significance to Industry: Geotextiles are commonly used to help control weeds in
landscape beds and gardens. However, little is known about how these landscape
fabrics may interfere with the transfer of nutrients and organic matter from decomposing
organic mulches. Results of this study indicate that these fabrics may create a barrier
that unintentionally prevents the movement of these important compounds into the soil.
Nature of Work: Geotextiles, also known as landscape fabrics, have been used in the
landscape industry since the 1980s to help suppress weed growth (Young, 1982;
Appleton and Derr, 1987; Derr and Appleton, 1989; and Martin et al., 1991). These
materials are generally porous to water and air, and provide control of a wide variety of
weeds. These geotextiles are used in combination with organic mulches, for aesthetic
reasons and to prevent degradation of the polyethylene fabrics. In today’s landscapes,
we recognize that organic mulches decompose releasing humus and nutrients into the
root zone. No research exists that describes the fate of these organic and nutrient
compounds when used in conjunction with landscape fabrics.
A model landscape bed was created on the campus of Texas A&M University –
Commerce in November, 2004. The existing soil was a Wilson / Crockett urban mix
with high compaction, poor percolation and infiltration characteristics. This soil was
excavated to a depth of 15 cm (6 in) and removed from the site. Loamy sand topsoil
was brought in and deposited at depths of 15 to 45 cm (6 to 18 in), depending on
location in the bed. Commercially available compost (Pro Bedding Mix, Living Earth
Technologies, Dallas, TX) was tilled in to a depth of 15 cm (6 in). Prior to planting, onehalf of the bed was covered with 1 m (3 ft) wide strips of landscape fabric that
overlapped 10 cm (4 in) on each side. A minimum of 2 strips were laid in areas covered
in fabric. To mimic a traditional landscape, the area was planted with assorted
landscape materials. All areas of the bed were then covered in 7.5 cm (3 in) of
shredded red cedar mulch (Living Earth Technologies, Dallas). An additional 2.5 cm (1
in) of mulch was applied in spring 2006 and 2007. No fertilizers were added during this
study.
In June 2007, soil core samples were removed from the landscape by randomly
selecting eight, 1 m-2 (9 ft2) areas and removing existing mulch, four in areas with
landscape fabric, four in areas with mulch only. Four soil cores, 1.5 cm (0.6 in) in
diameter and 20 cm (8 in) deep, were taken from each sampling site. Soil cores were
dried in a forced-air oven for 72 hours at 165°C (330°F) and then tested for pH, organic
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matter, NO3-N, P, and K in the soil testing laboratory at Texas A&M-Commerce using
accepted soil testing methodologies.

Results and Discussion: Soils under landscape fabric had significantly different
chemical composition than those under organic mulches only. The likely cause of this
was the significant difference in organic matter. Soils under mulch only had an average
organic matter of 4.71%, while those under landscape fabric had organic matter levels
of 2.76%. This is likely due to the fact that only the smallest particles of organic matter
were able to penetrate the pore structure of the fabric, while larger particles either
remained above the fabric layer or were washed across the surface of the landscape
fabric into other areas or out of the landscape beds.
Soil fertility was also significantly lower in the beds under landscape fabric.
Nitrate-N levels in mulch beds were nearly three times higher than those soils under
fabric (Table 1). Potassium levels showed a nearly 5-fold increase in mulch only soils.
Phosphorus levels were did not differ between fabric and mulch soils, likely related to
the fact that soil P in these soils are naturally supplied from inorganic soil sources,
rather than organic decomposition. No differences were noted in soil pH.
While the results from this study demonstrate a potentially negative impact from
the use of landscape fabrics, it is important to note that this study was conducted with
one landscape fabric under one form of mulch and only on one soil type. Further study
is necessary to determine if these effects are seen across other soil types and with
other mulches and landscape fabrics.
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Table 1. Variations in soil pH, organic matter (OM), nitrate-N (NO3-N), P, and K in soils
under andscape fabric or organic mulches.

Source

pH

OM (%)

NO3-N
(ppm)

P (ppm)

K (ppm)

Cedar
Mulch Only

6.65ns

4.71**

1.98**

56.84ns

29.81**

0.73

50.27

6.60

Landscape
Fabric
under
6.08
2.76
Cedar
Mulch
ns – nonsignificant at P < 0.05
* - significant at P < 0.05
** - significant at P < 0.01
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Preliminary Evaluation of Landscape Plants for Use on Green Roofs in Texas
Derald A. Harp and Steven Pulatie
Texas A&M-Commerce, Dept of Ag Sciences, Commerce, TX 75482
Derald_Harp@TAMU-Commerce.edu

Index Words: Sedum kamtschaticum, Sedum seiboldii, Phyla nodiflora, Santolina
virens
Significance to Industry: As energy costs increase, cities and urban planners are
becoming more interested in technologies that make urban buildings more energy
efficient. The installation of green roofs can significantly reduce summer cooling costs,
by absorbing incoming radiation and using it for photosynthesis and water evaporation.
Unfortunately, green roofs in southern United States are unable to use plant species
commonly used in the cooler climates of the northern U.S., Europe, and Japan. This
study begins the evaluation of landscape plants for use as green roof species in Texas.
Nature of Work: Green roofs are used as an environmentally friendly roofing strategy.
First, green roofs intercept incoming radiation, decreasing the heat load on the building
and ameliorating the urban heat island effect (U.S. EPA, 2003; Onmura et al., 2001;
Osmundson, 1999). Green roofs also increase insulation for buildings, decreasing utility
costs and reducing energy consumption (Theodosiou, 2003).
While the benefits of green roofs have been realized, little research can be found
evaluating suitable taxa for rooftop gardens (Monterusso et al., 2005). These plants
must be capable of withstanding the harsh environmental conditions frequently present
on rooftops (Dunnett and Kingsbury, 2004; Dunnett and Nolan, 2004). Green roofs in
Europe, Canada, and cooler climates of the U.S. have been very successful using
various species of Sedum, along with native grasses and forbs (Monterusso et al.,
2005; Rowe et al., 2005; VanWoert et al., 2005; Durhman et al., 2004; Boivin et al.,
2001). However, these plants are not suitable in the southern U.S. where summer high
temperatures exceed 38°C for several months. Designers in warmer areas of the U.S.
are forced to rely on anecdotal evidence and landscape experience that may or may not
translate effectively to the unique conditions found on urban rooftops.
Four species were selected for preliminary evaluation: Sedum kamtschaticum,
Sedum sieboldii ‘October Daphne’, Phyla nodiflora, and Santolina virens. The Sedums
were chosen for their known performance in green roofs in cooler parts of the U.S.
(Duhrmann et al., 2004, Monterusso et al., 2005). Phyla was chosen as one of the
species identified in previous work in Texas (Gardiner, 2008). Santolina was chosen as
it is known performer in xeriscape gardens in north Texas.
Four plants of each species were planted in 4 in deep, 24 in x 24 in green roof
modules in a commercially provided green roof planting mix (GreenGrid, ABC Supply
Co, Inc. Vernon Hills, IL) on the roof of the Texas A&M University – Commerce Science
building. Plants were watered on an as-needed basis and fertilized once weekly with
Peters 20-10-20 GP water soluble fertilizer at 100 ppm N. Each module was
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considered an experimental unit. Modules were arranged in a randomized complete
block design. Quantitative plant data was collected every two weeks and included plant
height, width, and mortality.

Results and Discussion: Weather had a significant impact on this study. During the
initiation of this study, Commerce, TX received approximately 15 in of rainfall in June
and July. Heavy rains prevented the installation of the green roof modules until late
June. Daily temperatures were also 15 to 20°F cooler than normal as well. These
abnormal conditions allowed plants to grow excessively until conditions returned to
normal in mid-July.
The native Phyla nodiflora and drought and heat tolerant Santolina virens grew
very well in the green roof gardens. P. nodiflora increased 2.5 times in average width,
increasing from 9.7 to 24.84 in (Table 1). Average height actually decreased (from 5.36
to 3.6 in), as the plant stems laid down and developed a true groundcover form.
Average height of S. virens increased from 3.51 to 4.27 in, and average width increased
from 3.44 to 7.11 in (Table 1). All plants from both species were alive at the termination
of the study.
Sedum kamtschaticum actually performed better than expected. While increases
in height were negligible (1.62 to 1.97 in), the plants spread well with average increases
in width from 2.98 to 7.96 in (Table 1). However, two plants were lost to heat stress in
early September, and plant quality was beginning to decline.
‘October Daphne’ did not fare as well as the other species tested. Growth
occurred through early August; then plants began to decline rapidly. Foliage turned
from gray to deep red, and plants began to die. Average plant height decreased from
4.64 to 1.65 in, and average plant width increased from 7.88 to 11.44 in (Table 1).
However, most growth occurred before August 6, as plant size decreases after that
date. By the termination of the study, 3 of the 16 plants were dead.
While this study is very preliminary, it is evident that Sedums that perform well in
green roof gardens in other regions lack the heat and sun tolerance needed for green
roofs in north Texas. Phyla and Santolina appear to be species well-suited to the
climatic conditions. Further study is warranted to identify additional species and the
limitations of these species.
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Table 1. Initial and final average plant height and width for species tested on a green
roof in Texas.

Species
Phyla nodiflora
Santolina virens
Sedum
kamtschaticum
Sedum sieboldii
‘October Daphne’

Ave. Ht
(6/30/2007)
5.36

Ave. Width
(6/30/2007)
9.71

Ave. Ht
(10/1/2007)
3.6

Ave. Width
(10/1/2007)
24.84

6.50

3.44

4.27

7.11

1.62

1.97

2.98

7.96

4.64

7.88

1.65

11.44
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Evaluation of Organic Matter Types for Use in an Above-Grade
Planting Technique
Scott B. Hanes and Amy N. Wright
Dept. of Horticulture, Auburn University, AL 36849
sbh0003@auburn.edu

Index Words: Horhizotron™, native, substrate, landscape, establishment, Hydrangea
quercifolia ‘Alice’, Shrub
Significance to Industry: Hydrangea quercifolia Bartr. ‘Alice’ was transplanted with
the lower portion of the root ball in field soil (sandy loam) and the upper portion in
coconut coir, ground pine wood, peat moss, or pine bark substrate. Results indicate
that when planting Hydrangea quercifolia ‘Alice’ above grade and mounding organic
matter around the exposed portion of the root ball, more post-transplant root growth
occurred when coconut coir or ground pine wood substrate was used compared to peat
moss or pine bark substrates. Use of coconut coir or ground pine wood substrate in this
above-grade planting technique provides a suitable replacement for peat and may
improve the establishment and survival of this species when transplanted into the
landscape.
Nature of Work: Native species are often recommended for use in landscapes based
on perceptions of improved landscape establishment and sustainability (5). They may,
however, still face the challenge of establishment in poor urban soils, often rendered
unsuitable for plant growth due to problems of compaction and the removal of the
natural organic litter layer (6). Using a modified above-grade planting technique can
increase post-transplant root and shoot growth for trees and shrubs (13, 7, 8). In this
method, plants are planted so that the top one-third of the root ball remains above
grade, and organic matter such as pine bark or peat is mounded around the abovegrade portion of the root ball. This organic layer mimics the natural layer of
accumulated organic matter in upper soil horizons that supports plant root growth after
transplanting due to its low bulk density (9). Previous research with this planting
technique and three evergreen native shrub species (Kalmia latifolia L., Illicium
floridanum Ellis, and Morella cerifera L.) indicated that cotton gin compost was not an
acceptable substitute for pine bark and peat moss substrates (7, 8). While substrates
comprised of peat moss or pine bark are common in the nursery industry, other
substrates such as coconut coir and ground pine wood substrate have also been used
in nursery production (1, 2, 12), and could possibly replace peat in certain landscape
uses. Based on the success of this above-grade technique and the need to find
replacements for peat, it is important to determine which organic materials can be used
to encourage post-transplant root growth for a range of native species when planting
using this above-grade planting technique. The objective of this study was to utilize the
Horhizotron™ to determine the effect of organic matter type on root growth of
Hydrangea quercifolia ‘Alice’ in a simulated above-grade planting technique. The
Horhizotron is inexpensive and simple to use, providing a non-destructive method for
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measuring root growth over time in up to four different rhizosphere conditions (14). On
21 February 2008, five 11.4 L (3 gal) plants of H. quercifolia ‘Alice’ were planted in
Horhizotrons. Plants were grown on greenhouse benches in Auburn University’s
Patterson Horticulture Greenhouse complex, Auburn, AL [day/night temperatures set at
26/21°C (79/70°F)]. Each Horhizotron contained four wedge-shaped quadrants
constructed using 2 glass panes [3.2 mm (0.3 in) thick, 20.3 cm x 26.7 cm (8.0 in x 10.5
in)] extending outward from the root ball (Fig. 1). Root balls of all plants were
positioned in the center of each Horhizotron, and the bottom half [10 cm (8 in)] of each
quadrant was filled with sandy loam soil from local field plots where similar field studies
of the above-grade technique were being researched. The top half [10 cm (8 in)] of
each quadrant in a Horhizotron was filled with one of four substrates: 100% coconut
coir (CC), 100% ground pine wood (WG), 100% peat moss (PM), or 100% pine bark
(PB), assigned in random order. Root balls and quadrants each received approximately
800mL (0.2 gal) tap water per irrigation to fully saturate root balls or substrate and soil
without excessive leaching. Irrigation was applied to a treatment or root ball when
volumetric percent moisture dropped to 20%, as measured using a ML2X Theta Probe
(Houston, TX). Experimental design was a randomized complete block design with five
blocks (Horhizotrons). Horizontal root length (measured parallel to the ground) of five
roots on each side of a quadrant was measured every 2 weeks using a Scale Master® II
Digital Plan Measuring System (Carson City, NV). Growth indices [(widest width +
perpendicular width + height)÷3] of all plants were taken at experiment initiation and
termination. The experiment was terminated on 6 May 2008, when roots of one
treatment began to reach the end of the quadrant [26.0 cm (10.5 in)]. Roots growing
into each quadrant were cut from the original container root ball and divided into soil
and substrate portions. Soil and substrates were gently rinsed from roots by hand, and
roots were dried at 66°C (155°F) for 48 hours and then weighed. Data were analyzed
using GLM procedures with regression analysis and least significant difference (LSD)
means separation at α = 0.05 (SAS Institute, 2003).

Results and Discussion: Initial and final growth indices were 63.2 and 80.6,
respectively. Growth indices increased similarly among the five plants in the experiment
since all were exposed to the same treatments. Horizontal root length (HRL) increased
linearly over time in all treatments (Fig. 2). From the earliest measurement date, 33
days after planting (DAP), HRL was highest in quadrants containing coconut coir [CC,
9.4 cm (3.7 in)], followed closely by those containing ground pine wood (WG) substrate
[7.3 cm (2.9 in)]. HRL remained higher in quadrants containing CC and WG than in
those containing PB and PM through 61 DAP. At 75 DAP, HRL was not different
among treatments, as some roots within each treatment had reached the end of the
quadrant. Root dry weight (RDW) in the upper, substrate portions of quadrants was not
different among substrates (Fig. 3). In the soil portions of quadrants, RDW was higher
in quadrants containing WG and CC [7.2 g (0.3 oz) and 5.4 g (0.2 oz), respectively] than
in quadrants containing PB and PM. Total root dry weight in each quadrant (substrate
and soil fractions) was generally higher in quadrants containing WG and CC than in
quadrants containing PB and PM. Root growth did occur in the substrate portions of
each quadrant, but more roots grew in the soil portion of most quadrants (Fig. 3). This
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is likely due to the fact that fertility was higher in soil than substrates (data not shown),
and no fertilizer was applied in this experiment. This also suggests it may be beneficial
to apply fertilizer at planting when utilizing organic matter in this above-grade planting
technique. Results for HRL and RDW suggest that CC and WG substrates were
preferred by H. quercifolia ‘Alice’ when planted using this above-grade planting
technique compared to PM or PB substrates. Coconut coir and WG are readily
available and appear to provide an appropriate substitute for peat moss (3, 4, 11, 15).
Continued evaluation of this above-grade planting technique for a range of native
shrubs and a variety of substrates will hopefully contribute to the establishment of
native, sustainable landscapes.
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Figure 1. Horhizotron™, containing four wedge-shaped quadrants extending outward
from the root ball. Quadrants are filled with soil (bottom half) and organic matter (top
half).

Landscape Section

439

SNA Research Conference Vol. 53 2008
Figure 2. Effect of organic matter type on horizontal root length (length measurement
parallel to ground, HRL) of Hydrangea quercifolia ‘Alice’ measured 33 to 75 days after
planting (DAP). Plants were grown in Horhizotrons from 21 February 2008 to 6 May
2008 in a greenhouse at Auburn University in Auburn, AL. Plants were grown in soil
with one of four organic matter types layered on top: coconut coir (CC), ground pine
wood substrate (WG), peat moss (PM), and pine bark (PB).
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Figure 3. Effect of organic matter type on root dry weight (RDW) separated into soil
and organic matter portions of Hydrangea quercifolia ‘Alice’. Plants were grown in
Horhizotrons from 21 February 2008 to 6 May 2008 in a greenhouse at Auburn
University, AL. Plants were grown in soil with one of four organic matter types layered
on top: coconut coir (CC), ground pine wood substrate (WG), peat moss (PM), or pine
bark (PB). Letters indicate differences among total (soil + substrate portions) RDW
(LSD, P<0.05).
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The Effects of Root Disturbance and Planting Method on Establishment of
Rhododendron Species.
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Index Words: Split root ball, establishment, planting method, Rhododendron
Significance to Industry: Ericaceae is an economically important plant family in
ornamental horticulture and small fruit production. This family includes popular
landscape shrubs such as azaleas and rhododendrons. Many species of this family are
native to the southeastern United States and meet the aesthetic requirements to
enhance the landscape. However, establishment of such plants in the landscape is
often difficult due to site conditions, soil requirements and slow rate of root growth.
Nature of Work: Many species of Ericaceae are surface rooting, meaning the vast
majority of the roots occur in the top layer of the soil (Street 1987). Studies on planting
techniques of ericaceous shrubs have focused on backfill amendments or planting time
but not on root mass disturbance as a method of improving root production. Splitting or
butterflying the root ball of container-grown plants, has been recommended to improve
root growth and plant establishment in poorly drained soils (Harris et al., 2004). Arnold
(1996) suggested that mechanical pruning of the root ball severs a significant number of
roots that must then be regenerated upon transplanting thus decreasing post-transplant
success. The implication is that severe root ball alteration contributes to significant
water stress in the new transplants.
The objective of this study was to examine the effects of root ball disturbance and
planting method on the establishment and growth of rhododendrons in a clay-loam soil
in Zone 7-b (USDA).
The study involved transplanting container-grown rhododendrons into a field plot for
evaluation of top growth. The plants chosen for this study were Rhododendron ‘PJM’,
and Rhododendron ‘Nova Zembla’ (Kinsey Gardens, Knoxville, TN). The beds were
tilled prior to planting, but were not amended. One gallon shrubs were planted
December 19, 2006 and the root balls were either undisturbed, split into halves, or split
into quarters by cutting with a machete to within 2 in. of the top of the root ball at the
time of planting. Half of the plants of each group were planted at ground level, half were
planted above ground level (on top of the soil). The plants were planted 3 ft. apart
within each bed. The study was a completely randomized design by cultivar. Each of
the six treatments was replicated five times. Post planting, a broad spectrum preemergent herbicide, Surflan (United Phosphorus Inc., King of Prussia, PA) was applied to the
beds. Plants were watered at planting and subsequently hand-watered as necessary for
the duration of the study. The beds and exposed root balls were mulched
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with 3 in. of hardwood bark. Weeds were also controlled by hand and by occasional
spot applications of glyphosate. Plant growth indices (GI) [(((width 1 + width 2)/2) +
height)/ 2] were recorded at planting, the plants were allowed to establish during the
early spring months, and subsequent data was collected before harvest. Plants were
harvested March 10 and March 11, 2008. The plants tops were cut at the soil line and
dried at 70oC until dry and the dry weight (DW) recorded.

Results and Discussion: Mortality rate of R. ‘Nova Zembla’ was 37%. It was nearly
evenly divided among the root ball treatments and split nearly evenly between plants
planted at ground level and those planted above ground level (table 1). Among the
surviving plants, there were no significant differences in growth index between the root
ball disturbance treatment groups (table 1). Plants that perished were either
mechanically damaged or succumbed to disease. Samples of symptomatic plants were
removed from the study and evaluated by the MSU plant pathology lab. Diagnoses of
Phytopthora root rot and Cercospora leaf spot were confirmed by the examining
technician. The planting site was very poorly drained thus conducive to fungal
development. Planting depth, however, did have a significant impact on GI and DW for
R. ‘Nova Zembla’. In this species, planting at ground level resulted in plants with a
greater GI and a greater above ground biomass as measured by DW (table 1). Greater
above ground biomass indicates possible greater nutrient accumulation that better
equips the plant to handle the rigors of a southern U.S. growing season.
R. ‘PJM’ had a survival rate of 90%. Neither root ball disruption nor planting method
had a significant impact on growth index or on dry weight (table 1). During the course of
this study, R. ‘PJM’ was not hampered by disease. R. ‘PJM’ is reported to be much
more soil adaptable than most rhododendrons (UConn 2001) and the results of this
study suggest that it would be a plant well suited for landscape use in a clay-loam soil in
Zone 7-b. Root ball disturbance did not affect establishment as previously reported by
Arnold (1996). Splitting or butterflying the root ball did not enhance establishment in the
clay-loam soil as was suggested by Harris et al. (2004).
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Table 1. Percent mortality, growth index and dry weight of Rhododendron ‘Nova
Zembla’ and ‘PJM’ as measured after 1 ½ years in the landscape, grown in a clay-loam
soil.

Treatment
0 Split

‘Nova Zembla’
Mortality
GI
DW
%
40
34.3 a 32.7 a

‘PJM’
Mortality
GI
DW
%
20
30.5 a 35.4 a

½ Split

40

35.0 a 40.1 a

0

30.4 a 32.3 a

¼ Split

30

37.9 a 43.3 a

10

31.2 a 30.4 a

Ground Level

33

37.8 a 46.1 a

13

30.7 a 32.7 a

Above ground Level
40
33.8 b 31.8 b
7
30.7 a 32.7 a
yMeans separated within treatment group by Student-Newman-Keuls at P = 0.05.
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Evaluating water and nutrient use by leafy mistletoe (Phoradendron spp.) and
some of its native host trees growing in managed landscapes
Raul I. Cabrera and Jennifer McCormick
Dept. of Horticultural Sciences, Texas A&M AgriLife Research and Extension Center,
17360 Coit Rd., Dallas, TX 75252

Index Words: host, mineral nutrients, mistletoe, stomatal conductance, water potential
Significance to Industry: Among many urban stresses, a number of urban tree
species, particularly natives, are silently suffering from severe leafy/broadfleaf mistletoe
(Phoradendron spp.) infections. These infestations are mostly considered an aesthetic
nuisance and their water and nutrient tapping from the host trees is often disregarded,
with the parasite being left without control or management. In this preliminary study we
are collecting baseline information on the actual water and nutrient use by mistletoe
plants, with the ultimate goal of estimating how much they use and eventually providing
justification for systematic monitoring and control by arborists, landscapers and
homeowners. Data collected to date indicates that mistletoe leaves are actively
transpiring (losing water) through the winter months, when the hosts are dormant
(leafless), and in the spring have stomatal conductances (rate of water loss per leaf
area) that are at least twice of those recorded in the host tree leaves.
Nature of Work:
The leafy, broadleaf or American mistletoe, Phoradendron spp., is a semi-parasitic
plant that grows on a large number of hardwood tree species employed in urban
forestry and arboriculture/landscape horticulture (2, 6). While doing their own
photosynthesis, leafy mistletoes are reported to parasitize their hosts to obtain water
and nutrients (1, 2). A good deal of research attention has been devoted to the control
and management of Phoradendron (2, 3, 6). The mistletoe control strategies and
methods arising from these studies have been, however, often considered technically
challenging (difficult), labor-intensive, expensive and for the most part short-term in their
effectiveness, all precluding their systematic implementation by both homeowners and
arborists.
It is not uncommon to hear the comment that as leafy mistletoes only tap their host
tree for water and nutrients, and not carbon like the destructive dwarf Arceuthobium
mistletoe (2, 6), an established and well maintained urban tree can satisfactorily thrive
and perform with mild to moderate leafy mistletoe infestations. The actual extent of how
much water and nutrients mistletoes actually extract from host trees in urban
environments is unknown. The current water quality/quantity issues affecting many
urban and metropolitan areas across the country are adding significant levels of stress
to urban landscapes and trees, and their water and nutrient economy is likely to be
more substantially impacted by non-managed mistletoe infestations.
Among the several economically important tree species used as urban/street trees,
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afflicted by Phoradendron, we chose to work on three Texas natives, cedar elm (Ulmus
crassifolia), hackberry-sugarberry (Celtis laevigata) and bois d’arc (Maclura pomifera).
Trees from these species growing in a managed business landscape and in a private
golf course were chosen for the study. All the trees receive frequent irrigations, periodic
fertilization and weed control as part of the turfgrass management beneath their
canopies. On February 19-22, 2008, while the trees were still dormant, mistletoes plants
growing on the outer canopy periphery branches (3rd to 4th branching order) were
randomly selected for evaluation. Stomatal conductance (gs) was measured on the
adaxial (upper) and abaxial (lower) leaf surfaces of attached mistletoes between
11:00pm and 14:30pm (on sunny days) with a steady-state diffusion porometer (Model
SC-1, Decagon Devices, Inc., Pullman, WA). Thereafter several mistletoe branches
were detached and stem water potential was immediately determined with a pressure
bomb (PMS Instruments, Corvallis, OR). For both mistletoe and hosts, three stomatal
conductance readings and two water potential readings were taken in each of three
trees (replications) per species. Chlorophyll index readings were taken (Minolta SPAD502, Japan) from the detached leaves, and along with the detached stems, were
(separately) placed in paper bags and oven-dried to constant weight. Dried tissue
samples were then ground to pass a 40-mesh screen and sent for full tissue analyses to
the Louisiana State University AgCenter Soil Testing and Plant Laboratory (Baton
Rouge, LA). Similar measurements and procedures were applied to the same trees on
June 2-6, 2008. In this second (spring) sampling time, the randomly chosen mistletoe
infections and the closest leaves and twigs (on the infested branches) from the host
trees were used for measurements and sampling. As trees leaf out most mistletoe
infections remain shaded, and as such the data collected in June for both host and
parasite reflects only shaded leaves. Logistical reasons (due to height) also limited
access to the sun-exposed leaves on the tree canopy.

Results and Discussion:
A noteworthy first observation was that, regardless of host, mistletoe leaves showed
stomatal conductance (gs) activity during the winter months (February sampling period),
when the hosts had no leaves, and that this activity was roughly equivalent on both
sides of the leaves (abaxial and adaxial) (Table 1). While the mistletoe gs winter values
observed on the bois d’arc host were certainly low (averaging 3.4 mmol m-2 s-1), those
observed in the mistletoes infecting cedar elms and hackberries were within the low
range of representative gs values (~18-20 mmol m-2 s-1) reported for trees (5). The
mistletoe leaf gs activity observed during the late spring (June) sampling period showed
again similar values between the abaxial (lower) and adaxial (upper) leaf surfaces,
whereas tree leaf gs activity was largely confined to the abaxial leaf surfaces (adaxial
leaf surface gs in trees were only 8-19% of those observed on lower leaf surfaces). The
abaxial gs values of the host tree leaves were basically mirrored by both the abaxial and
adaxial leaf surfaces of the mistletoe leaves, averaging ~45 mmol m-2 s-1 on the bois
d’arc and hackberry hosts and ~100 mmol m-2 s-1 on the cedar elm host. These
observations point that the rate of water loss per unit leaf area in mistletoe leaves is at
least double of that observed in the leaves of the host tree, and that the water status of
the host influences the extent of the water status and rate of loss from the parasite.
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Studies have hypothesized that the higher transpiration rates observed in mistletoes
might represent a mechanism to gather essential nutrients (1).
During the two sampling dates the water potential (Ψ) values of mistletoe leaves
(ΨML) were lower (more negative) than those observed in the twigs (ΨT) of the host
trees (Table 1), as it would have been predicted by the tenets of water movement
through the soil-plant-air continuum (5). Remarkably, the ΨT of the bois d’arc trees were
the highest (less negative) recorded values in both sampling periods (averaging -0.77
MPa), and those of their parasitic mistletoe leaves (ΨML) were over 3X lower (more
negative; averaging -2.54 MPa). The widespread difference in water potentials on this
particular host:mistletoe pair, compared to the other two hosts, is puzzling, particularly
when considering that the June mistletoe gs on both leaf surfaces was sustained and
comparable to those on the abaxial leaf surfaces of the bois d’arc host. Furthermore, it
was noted that the degree of mistletoe infestation in bois d’arc trees was comparatively
less than in the other two hosts, and that it was primarily localized in smaller and distal
branches. Mistletoe infections were more widespread throughout larger branches in the
other hosts (cedar elm and hackberry), and actually present on the main trunks and
lower parts of the scaffold (first order) branches in cedar elms. We are contemplating an
evaluation of the hydraulic conductivity and anatomical dissections of parasitized organs
and sectors of the three hosts to gather more information on the degree of susceptibility
of the host vascular tissues to parasitism by the Phoradendron mistletoe.
Regarding the nutrient status of leaf tissues, at this time we only have information for
mistletoe leaves for the February sampling period. The average nutrient concentrations
of mistletoe leaves, across all hosts, were 3.37%, 0.32%, 2.86%, 1.84%, 0.16%, 31
ppm, 5 ppm, 57 ppm and 18 ppm for N, P, K, Ca, Mg, Mn, Fe, B and Zn, respectively.
With the exception of iron, the rest of the nutrients concentrations fall within the “normal”
ranges reported for landscape trees and other woody ornamental shrubs (4). It has
been previously reported that leafy mistletoes infesting native trees and shrubs (i.e. in
their native ecosystems) accumulate large amounts of P, K and Ca, but smaller
amounts of N (1). An interesting observation from our data was the higher leaf
chlorophyll indexes in mistletoe leaves compared to those on their hosts (Table1),
suggesting that the concentrations of nutrients involved in chlorophyll synthesis and
function (like N, Mg and Fe) could be higher in the parasite than in the host. Data from
our continuing sampling dates will certainly help clarify these observations and
contentions.
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1. Ehleringer, J.R., E.D. Schulze, H Ziegler, O.L. Lange, G.D. Farquhar and I.R.
Cowar. 1985. Xylem-tapping mistletoes: water or nutrient parasites? Science
227(4693): 1479-1481.
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Cedar elm (Ulmus crassifolia). Arbor. Urban For. 32(6): 265-270.

Table 1. Leaf characteristics and water relations in leafy mistletoe (Phoradendron) and
three Texas native tree hosts. Reported values are means of three replications
(each replication made up of three subsamples in both mistletoe and tree host
tissues).

Host

Bois
d’arc

Cedar
Elm

Hackber
ry

y

Tissue

Mistleto
e
Tree
Mistleto
e
Tree
Mistleto
e
Tree
Mistleto
e
Tree
Mistleto
e
Tree
Mistleto
e
Tree

Specific leaf weight

SLWy
(mg/cm
2
)

Chloro
p.
Indexz

Feb.

--

Feb.

Sampl
e Date

Stomatal
Conductance
(mmol/m2/s)

Water
Potentia
l (MPa)

Abaxial

Adaxial

48.5

2.5

4.4

- 2.76

--

--

--

--

- 0.64

June

17.0

58.7

43.3

43.5

- 2.32

June

5.5

30.5

43.0

4.0

- 0.89

Feb.

--

50.9

18.1

22.6

- 1.88

Feb.

--

--

--

--

--

June

23.7

64.4

93.2

105.4

- 2.52

June

9.8

40.6

94.4

17.7

- 2.36

Feb.

--

37.8

17.1

18.7

- 1.63

Feb.

--

--

--

--

- 1.02

June

18.0

67.6

50.9

39.8

- 3.05

June

6.8

28.3

43.8

3.5

- 2.60

z

Measured with Minolta 502-SPAD meter
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First Year Landscape Evaluation of ‘Razzle Dazzle’ Crape Myrtle Cultivars
Allen Owings1, Gordon E. Holcomb2, C. Allen Broyles3, and Ann Gray4
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3
LSU AgCenter – Burden Center, Baton Rouge, LA 70809
4
Southeastern Louisiana University – Dept. of Biological Sciences, Hammond, LA 70402

aowings@agcenter.lsu.edu

Index Words: Crape Myrtle (Lagerstroemia), landscape performance, cultivar trials
Significance to Industry: Several new crape myrtle cultivars have been introduced to
the industry in the past couple years. This primarily includes the new dwarf ‘Razzle
Dazzle’ series (Lagerstroemia indica x fauriei). Our studies will be comparing the five
cultivars in this series to industry standards. Landscape performance, in addition to
susceptibility to Cercospora leaf spot, is being observed over a multiple year period.
First year data is presented in this paper.
Nature of Work: The ‘Razzle Dazzle’ dwarf crape myrtles are a new series developed
by horticulturist Mike Dirr. It was the first released series within the Gardener’s
Confidence Collection. The ‘Razzle Dazzle’ series was developed with the following
characteristics in mind: easy care, powdery mildew resistance, good foliage and flower
color, and compact growth. Mature height is advertised at 4 feet. Plants are being
evaluated for flowering, cold hardiness and disease resistance at Burden Center in
Baton Rouge. Cultivars in the series include: ‘Ruby Dazzle’ (pink blooms with bronzered foliage), ‘Cherry Dazzle’ (cherry red flowers), ‘Snow Dazzle’ (white blooms), ‘Dazzle
Me Pink’ (pink blooms) and ‘Raspberry Dazzle’ (raspberry red blooms).
Three gallon containers of the ‘Razzle Dazzle’ series crape myrtles, ‘Chickasaw’
crape myrtle and ‘Pocomoke’ crape myrtle were planted in late summer 2006 in full sun
landscape trials at Burden Center, a LSU AgCenter agricultural experiment station in
Baton Rouge, LA (USDA hardiness zone 8B, AHS heat zone 8). Plants were obtained
from Windmill Nursery, Folsom, LA. Plants were placed in raised rows of Oliver silt loam
soil (normal pH 6.2) approximately five feet apart in a randomized complete block
design with each cultivar replicated three times. Supplemental irrigation was provided
as needed via a drip system. Plants were fertilized in March 2007 with StaGreen
Nursery Special 12-6-6 at the rate of 2 lbs./N per 1000 ft2/bed area. Pine straw mulch is
maintained on the planting at a depth of two inches refreshed two times annually. Hand
weeding, spot applications of glyphosate and Amaze pre-emergent granular herbicide
(at the recommended rate) were used for weed control. Plants have not been pruned,
pinched, or deadhead from the initial planting time through 2007. In addition, fungicides
and insecticides have not been applied.
Visual quality ratings based on a scale from 1 to 5 (1=dead, below average
landscape performance, 3=average landscape performance, 4=above average
landscape performance, 5=superior landscape performance) were taken monthly from
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April – November 2007. Included in this rating were plant foliage color and appeal,
uniformity, flowering and overall growth habit. Cercospora leaf spot ratings were taken
in October 2007 and based on a scale from 1 to 6 where 1= no leaf spot, 2=1-10%
foliage with leaf spots, 3=11-25 foliage with leaf spots, 4=26-50% foliage with leaf spot,
5=51-75% foliage with leaf spot, and 6=76-100% foliage with leaf spot. Height
measurements were taken in October 2007.
Results and Discussion: In terms of visual quality, ‘Raspberry Dazzle’ and ‘Cherry
Dazzle’ were the best performing cultivars (Table 1). Cercospora leaf spot did not occur
on ‘Raspberry Dazzle’ with minor infestation on ‘Ruby Dazzle’ and approximately 25%
of the foliage on ‘Cherry Dazzle’ had leaf spot by October (Table 1). ‘Dazzle Me Pink’
and ‘Snow Dazzle’ were highly susceptible to leaf spot. The tallest of ‘Razzle Dazzle’
cultivars after 15 months in the landscape was ‘Raspberry Dazzle’, followed by ‘Cherry
Dazzle’, ‘Snow Dazzle’, ‘Dazzle Me Pink’ and ‘Ruby Dazzle’ (Table 1). Powdery mildew
was not observed on any of the cultivars in 2007.
Table 1. Visual quality ratings, leaf spot ratings, and plant height of ‘Razzle Dazzle’
series, ‘Pocomoke’ and ‘Chickasaw’ crape myrtle cultivars in landscape trials located in
Baton Rouge, LA – 2007.
Average of 2007 Season
Cercospora
Plant Heightx
z
y
Visual Quality Ratings
Leaf Spot Rating
(in)
‘Dazzle Me Pink’
‘Snow Dazzle’
‘Raspberry Dazzle’
‘Ruby Dazzle’
‘Cherry Dazzle’
‘Chickasaw’
‘Pocomoke’

2.5
2.7
4.0
3.4
4.2
2.8
3.5

4.7
4.7
1.0
1.7
3.0
4.3
3.3

14.96
24.02
26.65
16.02
24.13
19.02
37.40

z

Visual quality ratings based on a scale from 1 to 5 (1=dead, below average landscape
performance, 3=average landscape performance, 4=above average landscape
performance, 5=superior landscape performance) were taken monthly from April –
November 2007. Included in this rating were plant foliage color and appeal, uniformity,
flowering and overall growth habit.
y
Cercospora leaf spot ratings were taken in October 2007 and based on a scale from 1
to 6 where 1= no leaf spot, 2=1-10% foliage with leaf spots, 3=11-25 foliage with leaf
spots, 4=26-50% foliage with leaf spot, 5=51-75% foliage with leaf spot, and 6=76-100%
foliage with leaf spot.
x
Height measurements were taken in October 2007 and measured from soil line to tip
of tallest growing shoot.
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Vinca Series: Summary of Some Recent Landscape Performance Observations
Allen D. Owings1, Gordon E. Holcomb2, and C. Allen Broyles3
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Index Words: Catharanthus roseus, landscape performance, cultivar trials
Significance to Industry: A number of new vinca series have been released in the last
five years. These new series include the ‘Titan’ series from PanAmerican Seed and
‘Nirvana’ series from Fischer USA (now Syngenta Flowers). The ‘Cora’ series from
Goldsmith Seed (now Syngenta Flowers) is also new but was not included in LSU
AgCenter trials until 2007. It is important to evaluate these new series and cultivars from
each group in landscape performance trials in order to provide comparisons to existing
series and cultivars. The LSU AgCenter has also conducted landscape disease
observations on many of these cultivars over the past 8-10 years.
Nature of Work: In 2005, landscape performance evaluations were conducted on ten
vinca series and sixty-five cultivars at the Ornamental and Turfgrass Research and
Extension Facility at Burden Center, a LSU AgCenter agricultural experiment station, in
Baton Rouge, LA (USDA hardiness zone 8B). Series evaluated were: ‘Sunstorm’ (8
cultivars and a mix), ‘Cooler’ (12 cultivars and a mix), ‘Victory’ (9 cultivars), ‘Titan’ (3
cultivars), ‘Pacifica’ (13 cultivars and two mixes), ‘Sunglow’ (1 cultivar), ‘Sundress’ (1
cultivar), ‘Sunshower’ (5 cultivars), ‘Mediterranean’ (6 cultivars and a mix) and ‘Nirvana’
(2 cultivars).
Twenty-four plants from 606 jumbo cell packs of each cultivar were planted in
landscape beds in late-April 2005. All plants were grown from seed (with the exception
of the vegetatively propagated ‘Nirvana’ series) in a greenhouse following typical
production practices for vinca. Raised beds used in this evaluation were enclosed by
landscape timbers and were composed of pine bark planting mix on top of an Olivier silt
loam native soil. The planting was located in full sun and plants received overhead
irrigation via spray stake risers as needed to prevent stress during the evaluation
period. Plants were spaced on one foot centers and received uniformly applied
topdressings of StaGreen Nursery Special 12-6-6 (Pursell Industries) at the rate of 1 lb
N/1000 ft2 at planting and at the rate of 0.5 lb N/1000 ft2 feet in late June. Plants were
not deadheaded or pruned during the study season. No pesticides were applied for
insect or disease control. Weed control was accomplished via hand removal and two
applications of benefin + oryzalin (Amaze® from Green Light) at the label recommended
rate one week after planting and in mid-summer.
Visual quality ratings based on a scale from 1 to 5 (1=dead, below average
landscape performance, 3=average landscape performance, 4=above average
landscape performance, 5=superior landscape performance). Included in this rating
were plant foliage color and appeal, uniformity, flowering and overall growth habit. Plant
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height was measured October 1st and was the distance from soil line to the tallest plant
part. Flower diameter was measured October 1st and was the average of width across
the flower measured two perpendicular directions. Flowers were counted October 1st
and this data represents the number of fully open flowers counted in one square foot of
randomly selected canopy area.
Rhizoctonia web blight ratings were taken in the fall and were based on a scale
from 1 to 6 where 1= no blighted foliage, 2=1-10% foliage blighted, 3=11-25% foliage
blighted, 4=26-50% foliage blighted, 5=51-75% foliage blighted, and 6=76-100% foliage
blighted.

Results and Discussion: Visual quality ratings were generally higher later in the
season for all series and cultivars (Table 1). This is common with performance of vinca
in landscapes in the southeastern United States. ‘Sunglow Scarlet w/Eye’, ‘Sunstorm
Rose w/Eye’, ‘Cooler Apricot’, ‘Cooler Orchid’, ‘Cooler Red’, ‘Victory Purple’, ‘Victory
Pure White’, ‘Titan Polka Dot’, ‘Pacifica White’, and ‘Pacifica Pure White’ had above
average landscape performance by October (Table 1). Other cultivars were mostly in
the average performance category.
When looking at the vinca series, ‘Sunstorm’, ‘Cooler’ and ‘Nirvana’ had the
highest visual quality ratings based on season long performance averaged over
cultivars within the series (Table 2). The tallest series were ‘Cooler’, ‘Victory’ and ‘Titan’
followed by the ‘Pacifica’, ‘Nirvana’ and ‘Sunstorm’ (Table 2). The ‘Sunshower’ and
‘Mediterranean’ series were the shortest growing (Table 2). Flower size was largest for
the ‘Titan’ and ‘Nirvana’ series (Table 2). ‘Titan’ vincas are promoted as having the
largest flowers among vinca cultivars. Number of flowers per ft2 of canopy area was
highest for the ‘Pacifica’ series and lowest for the ‘Nirvana’ series (Table 2).
Rhizoctonia was somewhat active in 2005. The most susceptible series to web
blight fungus were ‘Mediterranean’ and ‘Sunstorm’ (data not shown).
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Table 1. Landscape performance of vinca cultivars as measured by visual quality ratings,
plant height, flower size and number of flowers – 2005.
Visual Quality Ratings
7/1

Height
7/15

8/1

8/15

10/1

Flower Size

Flowers_

(cm)

(cm)

(# sq ft)

‘Sunstorm’
- Apricot

3.3

3.8

3.8

3.8

3.3

32.0

3.80

33

- Bright Red Imp.

3.0

3.5

3.6

3.8

3.8

31.3

4.03

33

- Orchid

3.3

3.5

3.5

3.5

3.3

44.7

3.63

27

- Lilac

3.0

3.6

3.6

3.8

3.2

41.7

4.10

23

- White w/Eye

3.5

3.8

4.0

4.0

3.5

39.7

3.67

27

- Pink

3.8

3.6

3.6

3.8

3.8

37.7

4.07

38

- Formula Mix

3.2

3.5

3.5

3.5

3.2

45.3

4.07

25

- Violet w/Eye

3.2

3.6

3.6

3.6

3.6

44.7

3.57

26

- Rose w/Eye

3.0

3.5

3.6

3.6

4.0

37.7

3.80

30

- Apricot

3.3

3.5

3.5

3.6

4.0

43.3

3.80

25

- Rose

3.5

3.5

3.5

3.8

3.8

46.0

4.07

29

- Blush

3.3

3.6

3.6

3.6

3.8

46.7

3.77

15

- Lavender Halo

3.2

3.3

3.5

3.5

3.6

48.3

3.43

18

- Coconut

3.0

3.2

3.5

3.5

3.6

50.0

4.03

19

- Orchid

3.3

3.2

3.5

3.5

4.0

58.0

3.83

18

- Pink

3.2

3.3

3.5

3.5

3.3

50.7

3.87

31

- Grape

3.0

3.3

3.6

3.6

3.2

49.7

3.57

17

- Icy Pink

3.2

3.6

3.6

3.6

3.2

53.7

3.73

29

- Formula Mix

3.0

3.2

3.5

3.5

3.2

42.3

3.90

33

- Peppermint

3.0

3.2

3.5

3.5

3.2

43.3

4.37

32

- Red

3.2

3.5

3.8

3.8

4.0

46.7

4.47

26

- Rose Hot

3.3

3.3

3.6

3.6

3.5

49.7

4.30

25

- Carmine

3.2

3.2

3.5

3.5

3.8

42.7

3.93

35

- Apricot

3.0

3.5

3.5

3.5

3.6

47.0

3.83

25

- Blue

3.2

3.2

3.5

3.5

3.5

44.0

3.90

14

- Lavender

3.2

3.2

3.3

3.5

2.5

40.0

3.40

16

- Deep Pink

3.0

3.0

3.2

3.3

3.2

44.0

3.80

24

- Cranberry

3.0

3.2

3.5

3.6

3.5

43.3

3.97

28

- Grape

2.8

3.0

3.3

3.3

3.8

44.0

3.93

25

- Purple

3.0

3.2

3.3

3.3

4.0

45.7

3.93

29

- Pure White

2.5

3.0

3.0

3.3

4.0

39.3

4.43

31

‘Cooler’

‘Victory’
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Visual Quality Ratings
7/1

Height
7/15

8/1

8/15

10/1

(cm)

Flower
Size
(cm)

Flowers_
(# sq ft)

‘Titan’
- Punch
- Burgundy
- Polka Dot

2.8
3.0
3.2

3.2
3.0
3.2

3.2
3.0
3.5

3.3
3.3
3.5

3.6
3.5
4.0

46.3
39.0
45.0

4.73
4.77
4.40

26
28
23

‘Pacifica’
- Blush
- Punch
- White
- Pure White
- Burgundy
- Lipstick Mix
- Rose Halo
- Orchid Deep
- Punch Halo
- Icy Pink
- Polka Dot
- Formula Mix
- Rose
- Peach
- Lilac

2.6
3.2
3.2
2.8
2.5
2.5
2.6
2.6
2.5
2.6
2.4
2.5
2.3
2.5
2.3

3.0
3.3
3.3
3.0
2.8
2.8
3.0
2.8
3.0
3.2
2.8
3.0
2.8
2.8
2.8

3.0
3.3
3.3
3.3
3.2
3.2
3.0
3.0
3.0
3.5
3.0
3.0
3.0
3.0
2.8

3.0
3.5
3.5
3.2
3.3
3.3
3.2
2.8
3.3
3.5
2.8
3.2
3.0
3.0
3.0

3.2
3.6
4.0
4.4
3.6
3.5
3.5
3.3
3.8
3.6
3.3
3.2
3.5
3.5
3.4

34.0
55.3
48.3
39.7
39.0
44.0
48.3
42.3
43.3
50.3
41.3
42.7
40.0
41.3
34.7

4.13
4.87
3.97
4.33
4.03
4.00
4.07
3.77
4.47
4.30
3.70
4.03
4.10
4.40
4.13

24
30
22
36
32
33
32
23
28
30
38
30
26
36
37

‘Sunglow’
- Scarlet w/Eye

2.5

2.8

3.2

3.2

4.0

50.0

4.37

31

‘Sundress’
- White w/Eye

2.5

2.8

2.6

2.8

3.8

31.0

3.70

39

‘Sunshower’
- White w/Eye
- Apricot
- Lilac
- Orchid w/Eye
- Pink

3.0
3.0
3.0
3.0
2.5

3.5
3.2
3.0
3.0
2.8

3.5
3.5
3.4
3.4
3.2

3.5
3.4
3.4
3.4
3.2

3.6
3.5
3.4
3.4
3.5

26.0
32.7
28.3
25.7
22.3

3.50
4.13
3.73
3.53
3.47

23
24
34
22
18

‘Mediterranean’
- Lilac
- Pink
- White w/Broadeye
- Formula Mix
- Orchid Deep
- Deep Rose
- Polka Dot

3.0
3.2
3.0
3.2
3.0
3.2
3.2

3.0
3.2
3.0
3.0
3.2
3.4
3.4

3.0
3.4
3.0
3.2
3.2
3.5
3.5

3.0
3.4
3.0
3.2
3.2
3.5
3.5

3.5
3.2
3.2
3.2
3.0
3.0
3.5

22.0
19.3
14.7
20.3
26.7
15.0
28.7

3.73
3.37
3.57
3.57
3.57
3.80
3.93

27
20
24
26
26
33
25

‘Nirvana’
- Lavender
- Rose

3.5
3.5

3.5
3.5

3.5
3.5

3.0
3.5

3.0
3.5

41.3
38.0

4.33
4.40

13
20

Note: Visual quality ratings based on a scale from 1 to 5 (1=dead, below average landscape performance, 3=average landscape performance,
4=above average landscape performance, 5=superior landscape performance). Included in this rating were plant foliage color and appeal,
uniformity, flowering and overall growth habit. Plant height measured October 1st and was distance from soil line to the tallest plant part. Flower
diameter was measured October 1st and was the average of width across the flower measured two perpendicular directions. Number of flowers
counted October 1st and represented flowers in one square foot of randomly selected canopy area.
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Table 2. Landscape performance of vinca series as measured by averages of visual quality ratings,
plant height, flower size and number of flowers for selected cultivars – 2005.
Height

Flower Size

Flowers

(cm)

(cm)

(# sq ft)

‘Sunstorm’

3.55

39.42

3.86

‘Cooler’

3.45

48.34

3.93

24.38

‘Victory’

3.37

43.33

3.9

25.22

‘Titan’

3.29

43.43

4.63

25.67

‘Pacifica’

3.08

42.97

4.15

30.47

‘Sunshower’

3.25

27

3.67

24.2

‘Mediterranean’

3.21

20.96

3.65

25.86

3.4

39.65

4.37

16.5

‘Nirvana’

29.11

Note: Visual quality ratings based on a scale from 1 to 5 (1=dead, below average landscape performance, 3=average landscape performance,
4=above average landscape performance, 5=superior landscape performance). Included in this rating were plant foliage color and appeal,
uniformity, flowering and overall growth habit. Season long average of visual quality ratings is from means on July 1, July 15, August 1, August
15, and October 1 pooling data from all cultivars listed in Table 1. Plant height measured October 1st and was distance from soil line to the tallest
plant part. Flower diameter was measured October 1st and was the average of width across the flower measured two perpendicular directions.
Number of flowers counted October 1st and represents the number of fully open flowers in one square foot of randomly selected canopy area.
Sunglow and Sundress series are not included since only one cultivar/series was evaluated.
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Evaluating partial crown chlorosis in mature ornamental pears
Raul I. Cabrera
Dept. of Horticultural Sciences, Texas A&M AgriLife Research and Extension Center,
17360 Coit Rd., Dallas, TX 75252

Index Words: branch union, chlorosis, fertilization, mineral nutrients
Significance to Industry:
Unusual patterns of partial crown chlorosis have been noted in mature ‘Bradford’
pears (Pyrus calleryana). The chlorosis, a more generalized yellowing of the entire leaf
blade (not interveinal), affects only young and recently matured leaves concentrated in
certain discrete sections (branches) of the tree canopy. This preliminary study was
aimed to evaluate if a mineral nutrient component was involved in this disorder. Leaf
chlorophyll readings support the visual observations of chlorosis is some sectors of the
tree, but leaf size and weight measurements were not different between chlorotic and
normal leaves. Nutrient analyses revealed significant differences in the concentration of
several elements (N, K, Ca, S, B, Fe and Mn) between chlorotic and normal leaves, but
all concentrations were within the nutrient sufficiency ranges listed for ornamental
pears. Soil analyses did not provide any supporting information that could point to
potential nutrient deficiencies. More detailed analyses, including evaluation of nutrient
ratios to assess the possibility of nutrient imbalance(s), and an evaluation of potential
constrictions in the vascular system of the afflicted branches are being considered for
further study into this problem.
Nature of Work:
Among street and landscape trees valued for beautiful flowering display in the
spring, Pyrus calleryana ‘Bradford’ is among the most popular and widely planted (2, 5).
This species, native to Korea and China, was brought to US in 1919 to be used in
breeding programs attempting to introduce fire blight resistance into edible pear
cultivars. While this did not happen, several ornamental selections were produced, and
in 1963 the USDA introduced the cultivar ‘Bradford’ to the nursery-landscape industries
(1). While the ‘Bradford’ pear was supposed to be the “perfect street tree”, with profuse,
spectacular and early flowering, its popularity reached epidemic proportions and has
been over-planted (1, 2). Its popularity is undoubtedly due to its fast-growth, ease of
transplanting and toleration of most soil types, air pollution and drought. Unfortunately
this cultivar tends to produce a profusion of branches with relatively narrow angles
around a common length of the trunk, which if not properly pruned and trained, make a
mature tree very susceptible to branch breakage and splitting under windy or icy storms
(2, 5). Given this condition it is common to see a life expectancy of only 10-15 years, but
if properly pruned and trained it could double or triple its useful street/landscape life.
In recent years we have also noticed an odd chlorosis disorder in mature (>10 year
old) ‘Bradford’ pear trees. The chlorosis, not of the interveinal type, but rather
encompassing a generalized yellowing of the entire leaf blade, affects only young and
recently mature leaves concentrated in discrete sections (branches) of the tree canopy.
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While size and texture in the chlorotic leaves appear “normal”, the yellowing of partial
sections of the tree canopy is readily apparent up-close and at a distance, distorting its
aesthetics. In this preliminary study we attempted to collect some data and information
pointing to some of the potential causes of this disorder.
Mature ‘Bradford’ pear trees exhibiting this partial-crown chlorosis disorder were
identified in the front lawns of several residences in a 30-year old neighborhood in
Plano, Texas. All the trees were considered to be of similar age and size (attested by
height and main trunk diameter). While over a dozen trees were originally identified,
only six were utilized for this study. On two occasions, May 10-18 and August 15-28,
leaf samples were collected from both the chlorotic and normal sections of each tree.
Only recently matured leaves growing on the outside periphery of the tree canopy were
collected. Leaf chlorophyll index, a measure of leaf “greenness”, was determined with a
Minolta SPAD-502 chlorophyll meter, with 3 readings taken per individual leaf, and there
were 10-15 leaves in each composite sample. There were three composite samples
(replicates) taken for each of the chlorotic and normal canopy sections of each tree.
Leaf area was immediately determined with a Li-Cor leaf area meter, and the tissues
dried in an oven (150 °F) until constant weight. Following dry weight determinations, the
leaf samples were ground to pass a 40-mesh screen and sent for full tissue analyses to
the Louisiana State University AgCenter Soil Testing and Plant Laboratory (Baton
Rouge, LA). Soil samples were also collected on the first leaf sampling period (May 1018). Three composite samples (each made up of 8-10 cores of 1” diameter and 6”
length) were taken from within the quadrant(s) of the dripline pie (circle delimited by tree
crown circumference) beneath the chlorotic section(s) of each tree. Soil samples from
beneath the normal canopy sections were taken from the rest of the quadrants in the
dripline pie. The soil samples were air dried and sent for analyses to the Texas A&M
Soil and Plant Testing Laboratory (College Station, TX).

Results and Discussion:
Inspection the trees selected for this study showed that in general they had a
relatively large number of first order branches, an average of 16.5 (±5.9) per tree,
originating from a relatively short section (2-3 feet) of the main trunk. Narrow branch
attachment angles and included bark were also a predominant feature in all trees, and
some had signs of recent pruning and/or limb breakage. Across all trees approximately
one third (36.7%) of their branches were afflicted by the chlorosis disorder. Chlorophyll
index (SPAD) readings confirmed the visual diagnosis of localized leaf chlorosis in
certain sectors of the tree, as compared to the ‘normal’ foliage in the rest of the canopy
(Table 1). As mentioned before the chlorosis is not of the interveinal type, but rather a
generalized yellowing of the entire leaf blade, and afflicting only young and recently
matured leaves on the periphery of certain sections of the tree. Interestingly, average
weight and area per leaf, and specific leaf area were in general, not significantly
different between chlorotic and normal leaves. Leaf nutrient analyses (Table 2)
indicated that the average concentrations of most elements were with the normal
ranges previously reported for P. calleryana cultivars including ‘Bradford’ (4). The
exceptions were B and Mn, which were slightly above and below average, respectively.
Across all trees, however, the concentrations of most elements were significantly

Landscape Section

457

SNA Research Conference Vol. 53 2008
different between the chlorotic and normal leaves (Table 2). The concentrations of N,
Ca, S and Fe were on average significantly higher in normal leaves compared to the
chlorotic leaves. Conversely, K, B and Mn concentrations were significantly higher in the
chlorotic leaves.
The observation of several elements differing in concentration between chlorotic and
normal leaves, yet all being within the “normal” or sufficiency ranges reported in the
literature (4), and the lack of leaf growth and anatomical differences, clouds the
identification of a specific or likely causal agent for this disorder. This situation supports
the contention that tree and foliage quality is a function of nutrient balance or
synchronization as well as absolute levels of individual nutrients, and that what appears
to be the result of a deficiency of one nutrient may as well be the result of an excess of
another (3, 7), one of the basic tenets behind the development of the Diagnosis and
Recommendation Integrated System (DRIS), which unfortunately has had limited
application in ornamental horticulture. We are currently evaluating the potential
application of nutrient balance procedures to our data to evaluate whether specific and
“hidden” nutrient imbalances could be strongly associated with this chlorosis
phenomenon.
Given the localized nature of the chlorosis disorder, afflicting only specific branches
within each tree, the possibility of differential (vascular) sectoriality (6) was
contemplated. Under this sectorial premise, nutrients are transported from roots or
leaves to specific tissues with the most direct vascular connections. Under this scenario,
any disruptions in root activity or soil conditions within a specific plant rootzone sector
will affect those branches and tissues directly connected (i.e. above) it. The soil
analyses data (not shown) did not reveal any meaningful or significant differences
between the rootzone sectors beneath the chlorotic branches and the normal branches.
The large numbers of branches originating from rather short sections of the main
stem, which led to narrow union angles and included bark in many of these branches,
remains a suspect in the development of this partial crown chlorosis phenomenon.
Considering the sectoriality premise, it is contended that the branches afflicted with the
chlorosis may have had constrictions on their vascular system that affected the
differential transport of several mineral elements compared to the branches with normal
foliage. Additional information on attachment angles and means to evaluate branch
vascular constriction are being considered.
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Table 1. Leaf characteristics in mature pear trees displaying partial crown chlorosis.
Reported values are means of six composite leaf samples (10-12 leaves per composite
sample) in each of the normal and chlorotic areas of each tree.

Tree ID

1

2

3

4

5

6

Avg. all
trees
y

Tree Section Chlorophyll
Indexy
Normal
46.3
Chlorotic
34.5
***
Significance
Normal
46.6
Chlorotic
28.6
Significance
***
Normal
44.8
Chlorotic
31.7
Significance
***
Normal
49.6
Chlorotic
32.2
Significance
***
Normal
47.2
Chlorotic
33.2
Significance
***
Normal
49.1
Chlorotic
36.8
Significance
***
Normal
47.2

Dry Wt.
(mg/leaf)z
383
434
NS
488
342
*
460
462
NS
483
457
NS
373
404
NS
448
463
NS
439

Area
(cm2/leaf)
40.3
42.9
NS
45.5
43.2
NS
44.7
43.7
NS
48.3
45.4
*
35.6
41.5
***
39.4
39.9
NS
42.3

SLW z
(mg/cm2)
9.4
10.0
NS
10.7
7.9
**
10.3
10.5
NS
10.0
10.0
NS
10.4
9.7
NS
11.4
11.6
NS
10.4

42.8

10.0

NS

NS

Chlorotic

32.8

427

Significance

***

NS

Determined with a Minolta 502-SPAD meter.
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Table 2. Concentration of selected mineral nutrient in leaves of mature pear trees
displaying partial crown chlorosis. Reported values for individual trees are means of
six composite leaf samples (10-12 leaves per composite sample) in each of the
normal and chlorotic areas.
Tree

Canopy

N

ID

Section
Normal
Chlorotic
Significance
Normal
Chlorotic
Significance
Normal
Chlorotic
Significance
Normal
Chlorotic
Significance
Normal
Chlorotic
Significance
Normal
Chlorotic
Significance
Normal
Chlorotic
Significance

%
1.86
1.75
***
1.85
1.90
NS
1.90
1.87
NS
1.92
1.75
**
2.22
2.14
NS
1.95
1.74
**
1.95
1.86
*

1

2

3

4

5

6
Avg.
of all
trees

K
1.22
1.46
**
1.44
1.96
NS
1.11
1.41
**
0.77
1.48
***
0.85
1.41
***
1.26
1.31
NS
1.11
1.51
***

Ca
1.78
1.87
NS
2.29
1.71
***
2.11
1.98
NS
1.98
2.01
NS
1.61
1.32
*
2.12
2.10
NS
1.98
1.83
*

S
0.12
0.11
NS
0.12
0.12
NS
0.11
0.12
NS
0.12
0.11
*
0.14
0.13
*
0.13
0.11
**
0.122
0.117
*
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Fe

Mn

Zn

38
43
NS
49
90
*
32
46
***
27
49
*
30
44
**
48
49
NS
37
53
**

mg/
37
45
*
27
19
NS
33
32
NS
37
26
***
45
28
***
54
47
*
39
33
*

kg
37
59
**
37
30
NS
28
37
**
17
23
**
12
17
***
17
24
**
25
32
*

14
11
*
20
18
NS
15
13
NS
14
14
NS
12
12
NS
20
18
**
16
14
NS
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Tolerance of Sedum spp. to Various Ratios of Crumb Rubber Amendments in
Green Roof Substrate.
S. Lorelly Solano1, Jennifer Himmelstein1, Andrew G. Ristvey2, John D. Lea-Cox1 and
Steven M. Cohan1
1
Department of Plant Sciences and Landscape Architecture
University of Maryland, College Park, MD 20742
2
University of Maryland Cooperative Extension
Wye Research and Education Center, Queenstown MD 21658
lorellys@umd.edu

Index Words: Urban, storm water, runoff, zinc, toxicity.
Significance to Industry: Increased environmental and political interest in green roof
systems for urban storm water management has promoted recent research activities
determining green roof plant / substrate interactions and efficacy for urban storm water
remediation. The potential demand for extensive green roof systems in our urban
landscapes will bring about increased market demands for green roof plant species and
substrates for the horticultural and landscaping industries, along with continued
research in this new area. The use of crumb rubber (recycled car tire) amendments
would decrease the weight of a green roof substrate and may increase the longevity
and permeability of substrates over the long-term. The zinc (Zn) content of these
substrates however may preclude large additions to traditional shale green roof
substrates, unless Sedum species can tolerate or hyperaccumulate this cation in large
quantities. This study demonstrated that additions of crumb rubber to a green roof
substrate affected dry mass, but did not interfere with establishment and sustained
growth of several Sedum species.
Nature of Work: Extensive green roof systems are designed primarily to mitigate storm
water runoff from impervious surfaces in dense urban areas. A key design component
of extensive green roof systems are light-weight substrates made from heat-expanded
shale, clay and slate. Quality guidelines for these substrates have been published in
the 2002 German FFL Greenroof Guidelines (2). These substrates are an important
part of a system, able to absorb a large portion of a typical rainfall event, whereby
mitigating runoff from urban areas replete with impervious surfaces. The physical
properties of the substrates used in extensive green roofs, primarily particle size, are an
important factor for water holding capacity and air-filled porosity. Crumb rubber, a
recycled tire product, is a potential substrate amendment, currently available in large
quantities throughout North America. Crumb rubber’s low bulk density may reduce
substrate loads, resulting in decreased engineering costs for buildings (1) and may
improve porosity and longevity of green roof substrates, reducing maintenance and
renovation costs. It has been noted however, from one greenhouse production study
using soilless potting media that recycled crumb rubber released toxic levels of Zn that
were deleterious to the growth of Petunia (3). It is possible that certain green roof
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substrates may be able to adsorb Zn (4) or that certain species of Sedum may be able
to hyper-accumulate Zn (5). This research investigates the usefulness of crumb rubber
as an amendment for improving physical characteristics of the green roof substrates
and the potential phytoremediation of Sedum species by first determining Zn leached
from crumb rubber and then examining the tolerance of several Sedum species to
various crumb rubber amendment rates.
In the first experiment, the objective was to quantify the rate and total release of
Zn that could potentially leach out of crumb rubber in two different water treatments over
a 384 hour (16 day) period. The water treatments included untreated reverse osmosis
(RO) water (pH 5.5), and RO water with added sulfuric acid, to give a pH of
approximately 4.1, since the pH of rainfall in the region be as as low as 4 on occasion
(6), and this can influence the solubility and availability of Zn both in the substrate and
for uptake by plants (3). Exactly 10 grams of crumb rubber (8-12 sieve mesh) was
weighed and placed in 10 replicate 125 ml Erlenmeyer flasks for each sample time (12,
24, 48, 96, 192 and 384 hours) totaling 60 experimental units. Half the flasks were filled
with 50 ml of RO water treatment and the other half were filled with 50 ml of the acidified
water and all sealed with parafilm. At each sample time, ten replicate flasks (5 acidified
water; 5 plain RO water) were filtered, and the resulting supernatant decanted into 20
ml scintillation vials, and then frozen until analyzed for free Zn by Inductively Coupled
Plasma (ICP) spectrometry at the University of DE Soils Testing Program. Leachate
results from each sample period were analyzed by ANOVA.
In the second experiment, which was designed to evaluate the tolerance of
several Sedum species to various ratios of crumb rubber amendments, three Sedum
species including S. album L, S. reflexum L, and S. kamtschaticum Fisch., were grown
in a green roof substrate (roofliteTM, Skyland USA, Avondale, PA) containing 80%
calcined clay and approximately 12% organic material. Amendments were with 0%,
6%, 12%, 18%, 24%, or 30% crumb rubber by volume. Ten replicate Sedum plugs per
species and crumb rubber treatments (180 experimental units) were placed in 10 cm (4
inch) pots in a completely randomized block design and allowed to become established
for one month. During the first 6 weeks of the study, plants were fertilized weekly with
200 ppm N using a soluble 20-4.4-16.6 (N-P-K) fertilizer with minors. The fertilization
applied less than 50 μg chelated Zn to each plant during this period. Five months after
study initiation a Foliar Volume Index (FVI) was estimated by using the following
formula: FVI (cm3) = (H x W x L) x QF, where height (H) width (W) and length (L) were
measured in cm, and “QF” represented a subjective quality factor to express the degree
of leaf coverage inside the tridimensional figure. The quality factor ranged from zero
(no foliar area) to 0.099. At study termination (immediately after FVI determination)
plants were harvested, with top growth dried in an oven at 60 C degrees for 96 hours
and weighed for dry mass. The final leaf volume index measurement was subjected to
regression analysis and dry mass results were analyzed by ANOVA.

Results and Discussion: The analysis of the water samples indicated that Zn leaches
from crumb rubber in a relatively linear fashion over time after the first 12 hours (Fig. 1).
Final cumulative release of Zn averaged 647 μg (± 65 SE) and 540 μg (± 46 SE) with
the acidified and non-acidified RO water, respectively. After the initial 12 hours, there is
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no significant difference in cumulative Zn leached between either pH treatments. This
experiment also shows that Zn is initially released from crumb rubber at an average rate
of 7.4 μg/hr during the first 12 hours in the acidified RO water treatment (Figure 2). This
initial rate of release is significantly different from crumb rubber soaked in non-acidified
RO water, at a rate of 2.2 μg/hr. However, after 12 hours, release rate of zinc in the two
water treatments decreased and stabilized. Note that while the acidified RO water
treatment averaged a higher release (both cumulative and rate) than that of nonacidified RO water treatment, there was no significant difference between the two water
treatments. Despite an initial high release rate in the acidified water treatment during
the first 12 hours, leaching the crumb rubber in an acid wash before use as an
amendment would not significantly reduce the amount of Zn to which the plants are
exposed since the amount of Zn released released between 12 and 368 hours is
consistent. Also, the lack of significance in the amount of Zn released after the initial 12
hours between the water treatments could imply that the proportion of Zn released from
the crumb rubber would not be affected by low pH rain water. The release rate of Zn
was lower after the initial 12 hours, yet cumulative Zn concentrations after 384 hours
are equivalent to potentially toxic concentrations of Zn for many plant species. Finally,
there was large sample to sample variation, which may possibly reflect the variability of
analysis, variability of sampling, or most likely, the variability of Zn in the rubber crumb
samples (e.g. different brands or origins of tires).
In the second experiment, low R-squared values for the regression analyses of
FVI and crumb rubber percentages indicated an insignificant treatment effect on growth
quality at the end of the study for all Sedum species (Fig. 3a, b and c). The apparent
downward trend of Figs. 3a and 3c is not significant. During the study period, growth
quality treatment response of each species was highly variable for each treatment
combination. While the high variability was equal across treatments, something other
than the crumb rubber treatment was affecting the Sedum growth quality, possibly
natural growth variability. However, ANOVA results on final top-growth dry mass
indicated some significant effects of percent crumb rubber for each of the species
(Figure 4). Sedum album dry mass was negatively affected by all crumb rubber
proportions to the same degree. Crumb rubber effects on S. reflexum dry mass varied,
and in general, S. kamtschaticum dry mass decreased with increasing proportions of
crumb rubber.
The disagreement between growth quality represented by the FVI and dry mass
warrants more research with crumb rubber as a light-weight amendment for green roof
substrates such as roofliteTM. Unlike dry mass, the FVI could not discriminate crumb
rubber treatment differences on Sedum. Past research has shown one species, Sedum
alfredii Hance, can hyper-accumulate Zn (5). Further analysis will provide information
about the phytoremediation potential a S. album, S. reflexum and S. kamtschaticum by
analyzing the concentration of Zn in dry mass samples.
Acknowledgements: We would like to thank Maryland Environmental Services for their
contributions toward this research.
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Figure 1. Cumulative release of zinc over time for crumb rubber exposused to acidified
(pH 4.1) or non-acidified (pH 5.5) RO water solutions.
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Figure 2. Rate (μg) of zinc released from crumb rubber exposed to different times in
acidified (pH 4.1) or non-acidified (pH 5.5) RO solutions.
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Figure 3. Foliar Volume Index (FVI) regression of three species (a) Sedum album, (b)
Sedum reflexum, and (c) Sedum kamtschaticum under six different levels of crumb
rubber. Graphs include 95% prediction bands --- , 95% confidence bands …. , and the
.
regression line

Figure 4. Average shoot dry mass, by species, for each crumb rubber treatment. Mean
values within columns followed by a different letter indicate significant differences using
LSD (ά = 0.05).
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Growth and landscape performance of shrubs in soil amended
with manure compost
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Key words: Dairy manure compost, urban landscape, woody ornamentals
Significance to Industry: Amending post-construction soils with dairy manure compost
(DMC) can significantly improve the long-term performance of urban landscape plants.
Most construction projects begin with the removal of the original topsoil. After
construction is completed, the remaining soil is highly disturbed and lacks the favorable
chemical, biological, and physical properties that support healthy plant growth. Dairy
manure compost is a rich source of organic matter and nutrients. Amending the postconstruction soil with DMC provides short and long term benefits to establishing and
maintaining high quality plant performance. Dairy manure compost provides an
immediate source of plant available nutrients, but also serves as a slow-release source
of additional nutrients through the gradual decomposition of organic matter. The DMC
organic matter supports a healthy microbial population that is essential for nutrient
cycling. Physical properties of the soil can also be improved, including increased water
infiltration and plant available water retention in the soil.
Nature of Work: Many types of compost are available to homeowners and
professional landscape managers. In general, composts can be divided into two
categories. The first, and probably most common, is compost derived from plant
materials, such as municipal yard waste. Many cities have composting programs
designed to divert organic matter waste, including grass clippings, tree trimmings, and
post-storm debris, from landfills. This type of compost typically has a high organic
carbon content and intermediate to low nutrient content depending on the type of plant
material composted. A second category of compost is derived from animal manures
and/or wastewater biosolids. This compost is generally rich in nutrients, and especially
nitrogen (N) and phosphorus (P). The organic carbon content is generally lower than
for yard waste composts. Sometimes, animal manures or biosolids are blended with
yard waste in order to facilitate the thermophilic composting process by increasing the N
content of the compost pile. Whereas both types of compost are beneficial soil
amendments, they should not be used in the same way. Yard waste compost is an
excellent soil conditioner and can be used frequently without the risk of increasing soil
nutrient concentrations to levels that are potentially harmful to water quality.
Composted manures should not be applied as frequently as composted yard waste
because soil nutrient levels, especially N and P, will quickly exceed levels that are
optimum for plant growth and could potentially increase the concentration of P in runoff
water (2, 6, 8). Composted manures should be thought of as fertilizers as well as soil
conditioners.
Due to the highly disturbed and degraded condition of construction site soils,
significant benefits to plant growth can be realized by adding a soil amendment that
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improves soil fertility and soil physical properties (1, 4). Dairy manure compost (DMC)
is one such amendment, and it is readily available in areas where dairy production is a
prevalent agricultural industry. In areas where surface water has been negatively
impacted by nutrient-rich runoff from agricultural fields, it makes environmental sense to
remove excessive nutrients, especially N and P, from sensitive watersheds. Conversion
of dairy manure to compost creates a value-added product that is less expensive to
transport than raw manures. Urban areas that are located near dairy production
operations are a logical market for DMC. In particular, urban areas undergoing rapid
growth in construction of new homes and businesses provide a potentially large market
for DMC. Amending post-construction soils in these locations with DMC prior to
establishing plant materials can have long-term benefits by reducing the need for
soluble synthetic fertilizers and by reducing the need for frequent irrigation (8).
Therefore, the objective of this study was to evaluate the long-term effects of DMC on
plant performance and soil nutrient levels in an urban landscape.
In March 2003, DMC rates of 0, 9, 18, and 27 kg m-2 (equivalent to 0, 1.25, 2.5, 5
cm depth) were incorporated into the top 5 to 10 cm of Austin silty clay soil. The DMC
was purchased from Erath Earth Compost in Dublin, Texas. Selected chemical and
physical properties of the compost are shown in Table 1. Macronutrient application
rates (N, P, and K) are shown in Table 2. It should be noted that this one-time DMC
application resulted in a large loading rates of macronutrients, but only a fraction of the
entire loading rate was immediately available for plant uptake because the major
fraction was still in an organic form that was gradually released through organic matter
mineralization. Half of each 6x6 m plot was established with Tiffway 419 Bermuda
grass sod and the other half with six types of ornamental plants consisting of annual,
perennial, and woody species (Table 3). This report focuses on the long term
performance of the four woody ornamental plants (Ilex cornuta ‘Burfordii Nana’ – “Dwarf
Burford Holly”, Ilex vomitoria –“Dwarf Yaupon Holly”, Rosa ‘Knock Out’ – ‘Knock Out’
Rose and Lagerstroemia indica – “Crapemyrtle”) typically used in Southern U.S.
landscapes. Three plant growth parameters (plant growth index (PGI), chlorophyll and
overall rating) were measured monthly during the 2003 to 2004 growing seasons, and
then one time during the 2007 growing season. Each plant growth parameter was
averaged over the 2003 and 2004 growing season and then compared to the same
growth parameters measured in the 2007 growing season.
Soil samples were collected from the plots in 2004, 2005 and 2007 in order to
monitor the long-term availability of DMC-applied phosphorus. Composite samples were
collected from the 0-3, 3-6, and 6-9 inch depths of each plot. Plant available P was
extracted with the Mehlich 3 solution and P was measured with an Inductively Coupled
Plasma (ICP) spectrophotometer.

Results and Discussion:
Although this report focuses only on the four woody ornamental plants
established in the experimental urban landscapes, previous observations showed that
the growth and development of annual and perennial plants generally exhibited
favorable responses to DMC applications during the first three years after application,
whereas the four woody ornamentals were mixed in their response (Sloan et al., 2006).
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We hypothesized that the woody ornamental plants would require a longer period of
time to demonstrate positive responses to DMC applications due to a slower rate of
growth compared to the annual and perennial plants.
Burford and Yaupon hollies showed significant increases in plant growth index
(Fig. 1a) during the first two growing seasons after DMC was applied. The benefit of
DMC on plant growth index was even more pronounced in the fourth year after DMC
application. On the other hand, ‘Knock Out’ Rose and the crapemyrtles showed no
significant response to DMC applications at any time after application. ‘Knock Out’
Rose is known as a plant that requires few inputs or maintenance and the results of this
study confirm that observation.
Regarding leaf chlorophyll (index measured with a Minolta SPAD-502 meter), a
measure of leaf greenness, none of the four woody ornamental species demonstrated a
measurable response to DMC applications at any time after DMC applications (Fig. 1b).
The woody plants differed in this regard from the annual ornamental plants, which all
demonstrated positive responses in chlorophyll index due to DMC applications during
the first two growing seasons after application (Sloan et al., 2006).
Overall rating was a visual scoring of the overall appearance of each plant with 1
being a dead plant and 10 being a completely healthy, high quality plant. The overall
ratings for ‘Burford’ holly and ‘Knock Out’ roses were significantly improved with DMC
applications when averaged over the 2003 and 2004 growing seasons and there was a
trend towards increased overall rating for the Yaupon holly, although the effect was not
statistically significant (Fig. 1c). In the 2007 growing season, the overall ratings for both
‘Burford’ and Yaupon holies were significantly improved by DMC applications, but
‘Knock Out’ roses no longer exhibited a positive response to the DMC applications (Fig.
1c). During the three growing seasons that plant growth parameters were measured
(2003, 2004, and 2007), the crapemyrtles were the only plants that showed no
measurable growth response to DMC applications.
Annual soil analyses showed that DMC treated soils had elevated concentrations
of plant available P in the upper 6 inches of the soil profile, but the effect was not
observed below 6 inches depth (Fig. 2). Other nutrients (K, S, Fe and Zn), as well as
organic matter, were also increased in the upper 6 inches of the soils amended with
DMC (data not shown). The increase in plant available nutrients was observable even 4
years after the application of DMC to the urban landscape soils, but there was a trend
towards decreased availability over time. However, even with the smallest rate of DMC
application (9kg/m2), plant available soil P levels in the upper 3 inches of soil were
above the critical P level of 45 mg/kg which is the minimum concentration needed for
optimum plant growth. In the DMC plots, no additional P fertilization is needed four
years after the initial DMC application.
Results of this study show that after five growing seasons (2003-2007) with no
additional fertilization, a 1 to 2 cm application of dairy manure compost is sufficient to
provide continued fertility to landscape plants. Incorporation of the DMC into the upper
15 cm of soil will protect the nutrients from loss by erosion and will ensure adequate
fertility within the plant rooting zone.
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Table 1. Selected chemical and physical properties of composted dairy manure applied
to landscape plots.
Parameter
Mean SD
-1
Total N (g kg )
9.0
4.3
-1
Total P (g kg )
1.04 0.08
-1
Total K (mg kg )
4.90 0.48
Ash Content (%)
81.3
1.1
OM Content (%)
18.7
1.1
-3
Wet Bulk Density (kg m )
792 19.9
Moisture Content (%)
34.3
1.4

Table 2. Composted dairy manure application rates and corresponding N, P and K
rates.
Compost
Rate (kg m2
)
9
18
27

N Rate

81
162
243

P Rate
(g m-2)
9.4
18.8
28.2

K Rate

44
88
132
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Figure 1. Effect of DMC applications on (a) plant growth index, (b) leaf chlorophyll
content, and (c) overall rating during the first two (2004-2005) and fourth (2007) growing
seasons after application. NS, §, *, **, *** Not significant or significant at the 0.10, 0.05,
0.01 or 0.001 level of probability, respectively.
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Fig. 2. Mehlich-3 available soil P test concentrations in the upper 9-inches of Austin
silty clay soil one (2004), two (2005) and four (2007) years after DMC applications of 0,
9, 18, and 27 mg m-2.
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Field Evaluation of Landscape Roses
R. Crofton Sloan, R. Alan Henn, Susan S. Harkness
North Mississippi Research & Extension Center, Mississippi State University, 38879
rcsloan@ra.msstate.edu

Index Words: Rosa, shrub rose, disease resistance
Significance to Industry: Shrub roses (Rosa) are growing in popularity among
gardeners and landscape professionals. Black spot (Diplocarpon rosae Wolf) resistance
and ease of maintenance are the main reasons for the popularity. New cultivars are
released annually from commercial and university rose breeders (Byrne, 2007; Zuzek,
2007).
Nature of Work: While numerous evaluations of rose cultivars have been conducted,
the need for current evaluations of new cultivars exists (Giorgioni, 2007; Owens et al.,
2005; Owens et al., 2007). The objective of this study was to plant landscape roses in
field beds to evaluate disease and landscape performance. ‘Knock Out’ is considered to
be the standard by which other landscape, shrub roses is compared. Two groups of
shrub roses were planted in field beds at the North Mississippi Research & Extension
Center in Verona, MS. Grade 1½ plants from six cultivars from the ‘Knock Out’ series;
‘Blushing’, ‘Double’, ‘Double Pink’, ‘Knock Out’, ‘Pink’, and ‘Rainbow’; plus ‘Red
Carefree Delight’ and five cultivars of the ‘Drift’ series were supplied by Meilland Star
(Hollister, Calif.) and planted Feb. 2007 in separate trials. Plants in the ‘Knock Out’ trial
were spaced five feet within the row while the ‘Drift’ trial was spaced three feet. Each of
these plantings was fertilized with 0.5 lb 8-8-8 fertilizer per bush shortly after planting
and then weekly with 200 ppm N from Peter’s 20-20-20 at a rate of 24 lb/ac during the
growing season. No fungicides were applied to these trials. The roses were rated
monthly for landscape qualities of bloom coverage and vigor. The ratings ranged from
1–5, where 1 = poor and 5 = excellent. They were also evaluated for incidence and
severity of black spot using the Horsfall-Barrett rating system. Incidence of black spot
was a measurement of the number of leaves infected, and severity measured the
severity of the infection on the infected leaves. The weather during 2007 was hot and
dry; humidity was relatively low (Miss. St. Univ. Dept Geosciences, 2008; Miss. St. Univ.
Ext. Serv. 2008). Therefore, these ratings represent bloom and vigor during above
historical average temperatures and below average percipitation. Black spot pressure
was relatively low in 2007. Data collected during the trial were analyzed by SAS PROC
GLM (SAS Institute Inc, Cary, NC). Mean separation was conducted with Fisher’s
protected least significant difference (LSD) at the 0.05 significance level.
Results and Discussion: ‘Red Carefree Delight’ and ‘Rainbow Knock Out’ had
superior bloom coverage in May compared to ‘Knock Out’ (Fig. 1). In June ‘Rainbow’
exhibited greater bloom coverage than the other cultivars. There were no differences in
bloom coverage in the ‘Knock Out’ Series in July and August. ‘Red Carefree Delight’
and ‘Pink Knock Out’ grew with more vigor in May compared to ‘Knock Out’, while in
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June ‘Blushing Knock Out’ and ‘Double Pink Knock Out’ exhibited more vigor (Fig. 2). In
August, ‘Pink’, ‘Double Pink’, and ‘Blushing’ exhibited greater vigor compared to ‘Knock
Out’. There was little black spot observed in July on any of the ‘Knock Out’ cultivars,
and while there was a greater degree of infection in October, there were no differences
in incidence or severity (Fig. 3). At the end of the growing season, ‘Rainbow Knock Out’
grew the smallest plant of the cultivars in the trial (data not shown). There were few
differences in bloom, vigor or disease ratings among the ‘Knock Out’ cultivars observed
during the first growing season.
The bloom ratings of the ‘Drift’ cultivars varied by month (Fig. 4). ‘Pink’ appeared to be a
more consistent bloomer during the trial and was rated high on 4 of the 5 observation
dates. There were no differences in vigor among the ‘Drift’ cultivars on any of the
observation dates (data not shown).
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Figure 1. The bloom ratings of ‘Knock Out’ cultivars was observed on three dates in
2007 in field beds at the North Mississippi Research & Extension Center, Verona, MS.
There was an interaction between observation date and cultivar (P≤0.001), and the
months were analyzed separately. The LSD across cultivars was 1.2 for May, 0.9 for
June, and 0.8 for September. There were no differences in bloom ratings in July and
August.

Figure 2. The plant vigor of ‘Knock Out’ cultivars was was observed in field beds at the
North Mississippi Research & Extension Center, Verona, MS during 2007. There was
an interaction between observation date and cultivar (P≤0.001), and the months were
analyzed separately. The LSD across cultivars was 0.7 for May, 0.8 for June, 0.7 for
July, 0.6 for August, and 0.7 for September.
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Figure 3. The disease incidence and severity of ‘Knock Out’ cultivars was rated on three
dates in field beds at the North Mississippi Research & Extension Center, Verona, MS
during 2007. The disease ratings for each month were analyzed separately. The LSD
across cultivars for incidence and severity on 16 July was 0.41. There were no
differences in incidence or severity on 31 July or 10 Oct.

Figure 4. The bloom rating of ‘Drift’ cultivars was rated in field beds was observed at the
North Mississippi Research & Extension Center, Verona, MS during 2007. The bloom
ratings for each month were analyzed separately. The LSD across cultivars was 0.8 for
May, 1.4 for June, 0.9 for July, 1.1 for August, and 0.7 for September.
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Evaluation of old and new commercial mulches for termite
management in Alabama
1

Xing Ping Hu1, Jeff L. Sibley2 and H. Allen Torbert3
Department of Entomology and Plant Pathology, Auburn University
2
Department of Horticulture, Auburn University
3
National Soil Dynamics Laboratory, USDA/ARS

Index Words: Reticulitermes flavipes, Landscape mulches, Insect habitat
Wood-feeding subterranean termites are the most destructive pests attacking homes.
Commercial cellulose-based mulches are often used around houses and plants.
Consequently, they increase the risk of houses/plants being attacked by termites. This
study investigated the resistance/susceptibility of a newly developed composted
municipal garbage substitute along with 7 conventional mulches and a bare-ground
treatment.
To determine the termite foraging preference, a choice-test was conducted under
natural field conditions at the E.V. Smith Research Station. Mulches were tested in
groups of 9 (8 mulches and 1 bare-ground as control) using a random design. There
were 4 replicates. Presence of termites in mulch and termite activity 10-cm in ground
beneath the mulch were recorded monthly for a one-year period. Monitoring wood sticks
installed around the testing plot indicated that high population pressure of the eastern
subterranean termites, Reticulitermes flavipes, existed.
Results indicate that termites were in favor of pine chips, followed by pine bark, pine
shavings, and cypress, but did not show up in organic compost, cedar, pine straw, or
inorganic rubber and uncovered ground (Fig. 1). Termite foraging activity readings were
consistent with termite presence data: the most frequently visited mulch was pine chips,
followed by pine bark, pine shavings, and cypress, whereas no termite visit was
detected beneath other treatments (Fig. 2).
To determine weathered age-effect of the mulches on suitability as food sources, the 8
tested mulches were weathered in the field under natural conditions. Samples were
collected at 0, 2, 4, 6, 8, 10, and 12 month and subjected to a no-choice test under
laboratory conditions. A fresh southern yellow pine wood block was used as control. In
total there were 378 experimental units (7 aged-mulch groups, 8 mulch samples and a
control in each group, and 6 replicates of each age-group). Termites were tested in
groups of 200 workers, for a total of 7,560 termites. Survival rate and mulch
consumption were recorded at 32-days.
Survival data (Figure 3) showed no age-effect on termite survival in all pine-based
mulches (pine chip, pine bark, pine straw, pine shavings, control), cypress and cedar,
except that the fresh cedar resulted in 50% mortality compared with <20% from others
of different age groups. More than 60% of the termites died in the garbage-based
mulch and more than 80% died in the inorganic rubber mulch treatment, independent of
the weathered-age factor. The greater mortality in compost and rubber appeared to
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result from hunger. As a matter of fact, the mortality level from rubber was equivalent to
that from termites starved for 35 days (Song et al. 2006). The consumption data showed
no feeding on either rubber or compost mulches. Termites favored eating pine-based
mulches more than others. As mulches aged, consumption increased.
The field observation on termite foraging activity is consistent with the laboratory data
on survival and consumption, with the exception that no foraging activity was found in
the field in pine straw, cedar, and cypress treatments. We are in the process of
analyzing moisture and temperature data associated with each mulch treatment. Our
hypothesis is that the pine straw might have held low moisture during the drought year
of 2007 that was not attractive to termites. The unpleasant odor of cedar and cypress
might have some kind of repellent action. We are continuing this study for another year
to answer these questions
In summary, mulches that are favorable for termite occurrence are pine chips, pine
bark, pine shavings, and to some extent cypress, while pine straw, cedar, garbage
compost and rubber were unsuitable to the termites. These results indicate that the
composted garbage can be a suitable substitute to wood-based mulches and had the
termite-hostile properties as reused urban waste.

Figure 1. Mean number of termites present in mulches under natural conditions
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Figure 2. Mean number of termites in the soil inside test units
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Figure 3. R. flavipes survival rate (%) on 9 mulches of different weathering ages in
no-choice laboratory test
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Screening Promising Tropical Plants For Alkalinity, Salinity, and Irradiance
Tolerances When Used As Summer Annuals in a Warm Temperate Climate
Michael A. Arnold, Garry V. McDonald, and Geoffrey C. Denny
Texas A&M Univ., Dept. of Horticultural Sciences, M.S. 2133, College Station, TX
77843-2133, Univ. Arkansas, Dept. of Horticulture, Plant Sciences Room 316,
Fayetteville, AR 72701, and Univ. Fla. / IFAS Gulf Coast Res. & Educ. Center,
14625 CR 672, Wimauma, FL
ma-arnold@tamu.edu

Index words: Blue Butterfly Bush, Chrysothemis pulchella, Dozakie, Graptophyllum
pictum, high pH, Jatropha integerrima, Rotheca myricoides, shade tolerance, soil salts
Significance to Industry: One of the hottest current trends in landscape plant
production is the use of tropical and subtropical plants as summer annuals, particularly
in warm temperate regions with long hot summers. Independent growers and plant
collectors are regularly introducing new species and cultivars into the trade, but basic
questions, such as the need for sun or shade environments, tolerance to salts in
irrigation water, or tolerance to alkaline soils are often unknown. The present work
provides a pilot testing of screening procedures for three important environmental
stresses on four promising tropical taxa.
Nature of Work: Although much anecdotal information is available on the use of
tropicals as summer annuals (1, 2, 3), most of these recommendations are based on
informal observations or field experiences and often lack scientific data from replicated
trials. Standardization of testing conditions and systematic screening of taxa for
landscape effectiveness and stress tolerances commonly encountered in landscape
settings would aide in estimating the regions in which a given taxa may be adapted. The
objective of the proposed research was to provide an orderly screening of new tropical
plants for potential use as annuals, with particular emphasis on screening for light
requirements, alkalinity tolerances, and salinity tolerances. These studies were also
used to obtain additional information on environmental tolerances of four promising
tropical/subtropical taxa for Texas landscapes.
Results and Discussion: Liners of Rotheca myricoides (Hochst.) Steane & Mabb.,
Graptophyllum pictum (L.) Griff., Jatropha integerrima Jacq., and Chrysothemis
pulchella (J. Donn ex J. Sims) J. Decaisne were propagated and subsequently grown in
a #1 black plastic containers using a 3 pine bark: 1 coarse perlite (by vol.) substrate.
Three studies were undertaken with these plants, two outdoors to determine the effects
of irradiance and alkalinity, and one in a greenhouse to screen for salinity tolerance.
Irradiance screenings were conducted in specially constructed portable shade
structures that were 120 in long, 96 in wide, and 57 in tall. Frames consisted of 1.25
diameter tubular cast-metal pipes covered in shade cloth. Frames were designed to be
open on the north side, to a 4 in height around the base, and with an overhang above
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an 8 in average gap at the top to facilitate air movement. Irradiance treatments included
full sun, 33 % light exclusion, and 66% light exclusion. Two structures each of the 33%
and 66% shade, each containing three plants of each of the four species, were planted
on 21 May 2007. Two replicate plantings were established in adjacent plots in full sun.
Plots were mulched with 2 in of pine bark mulch and drip irrigated. Plants were
monitored for growth and flowering through the growing season.
Rotheca myricoides grew tallest, had the greatest canopy index, and flowered most
prolifically in full sun and had a 90% reduction in flowering when grown in 66% shade.
Chrysothemis pulchella survived in full sun, but grew better and produced more flowers
in shade treatments. Graptophyllum pictum and J. integerrima both grew well in all
three treatments from full sun to 66% shade, with only moderate reductions in flowering
of J. integerrima in shade treatments. The constructed shade structures served as a
reasonably inexpensive way to achieve portable shade for replicated studies which
provided good air movement within the structures. Air movement is often a
complicating issue with smaller shade structures, however no symptoms of fungal or
bacterial diseases normally associated with shaded environments with poor air
circulation were found on any of the plants grown in the shade structures in this study.
Salinity screenings were begun on 30 May 2007 by irrigating G. pictum, R. myricoides,
and J. integerrima with 0, 2000, 4000, or 8000 mg·L-1 of total salts in a ratio of 2 NaCl :
1 CaCl2 at each watering. Plants were arranged in a completely randomized design
with five replications of each species per treatment. Insufficient liners of C. pulchella
were available for salinity testing. Height, canopy spread, shoot and root dry masses,
and foliar salt injury ratings were collected on 13 August 2007.
Salinity screenings resulted in good demarcations among treatments within a taxon,
suggesting that they could be effectively used as a general screening tool. For the
specific taxa included in this study, G. pictum and J. integerrima exhibited nearly linear
decreases in canopy volume in response to increasing salinity levels, while R.
myricoides exhibited greater sensitivity to substrate salinity exposure with more severe
reductions in canopy volume and symptoms of foliar salinity damage at the 8000 mg·L-1
salinity level.
Alkalinity screenings for all four taxa were initiated on 21 May 2007 by planting liners in
our normal substrate augmented with CaMgCO3 at 4.77, 7.97, 9.56, or 12.73 kg·m-3 as
an alkalinity source. Plants were arranged in a completely randomized design with five
replications of each species per treatment. Height, canopy spread, shoot and root dry
masses, foliar chlorosis ratings, and leaf chlorophyll content were determined on 3
August 2007.
No obvious foliar symptoms of nutrient deficiencies, nor differences in flowering, were
observed among treated plants for any of the tested taxa in the alkalinity screening
experiment. However, canopy volume and biomass were reduced in J. integerrima as
alkalinity levels increased. Interestingly, these same measures were slightly increased
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for R. myricoides and G. pictum at low to moderate levels of alkalinity, suggesting they
might be better adapted to higher pH soils than J. integerrima or C. pulchella. Higher
than normal rainfalls during the test period may have dampened responses to the
alkalinity treatments via excess leaching of CaMgCO3.
The constructed shade structures provided and effective method for screening for
landscape sun/shade tolerances. Likewise, the salinity screening procedure appeared
to provide effective screening for substrate salinity tolerances. While alkalinity screening
procedures were moderately successful, they need adjustments before being used was
a wider screening tool.
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Historic and Horticulturally Significant Trees of Georgia
Sarah Thompson Swanner, Timothy J. Smalley, David C. Berle
The University of Georgia, 1111 Miller Plant Sciences, Athens, GA 30602-7273
tsmalley@uga.edu

Index words: community trees, Georgia history, historic trees, urban forestry
Significance to Industry
The objectives of this research were to document the location, size, vigor, and
history of Georgia’s significant trees and to evoke awareness and preservation of
venerable trees in Georgia communities. This research is intended to assist urban
foresters and citizens in protecting the significant trees in their communities. In this
study, 220 trees were examined relative to geographic regions, population centers,
historic communities, and transportation systems.
Nature of Work
Some of the significant trees in Georgia are gone due to the widening of
highways and prolonged neglect. Stories of these trees are still familiar to many of the
citizens of the community. However, the trees’ information may be lost through
generations. This research is intended to assist urban foresters and Georgia citizens to
identify significant trees in their communities, which could protect them from the threat
of development and prevent the unnecessary loss of significant trees due to negligence.
No comprehensive documentation or registry presently exists for the historic and
horticultural trees of Georgia. A historic tree is one associated with a historic event,
person, or place. A horticulturally significant tree is a species that is uncommon for the
location or a notable specimen.
Nominations of significant trees were obtained from existing tree registries
(Georgia Urban Forest Council, 2004; Junior Ladies Garden Club, 1977), garden clubs,
master gardeners, city arborists and foresters, extension agents, and the general public
through a web-based nomination form (http://www.uga.edu/significanttreesofgeorgia/).
The form requested owner information, species information, the location of the tree and
the tree’s significance. Articles about the significant tree project, including nomination
details, were published in local newspapers across the state. During a 19-month period,
approximately 25 trips were made to visit all trees that had potential significance. During
each visit, the tree was measured, evaluated, geographically referenced, and
photographed. Measurements for each tree included height, crown, and diameter at
breast height (DBH), using a DBH tape. Following the evaluation measurements
described in the Guide for Plant Appraisal (Council of Tree and Landscape Appraisers
and International Society of Arboriculture., 2000), each tree was numerically evaluated
for the overall condition of several physical factors: root health, root structure, trunk
health, trunk structure, scaffold branch health, scaffold branch structure, small branch
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and twig health, and foliage and/or bud health. Each of these factors was rated on a
scale of 0-4. A rating of 4 indicated no apparent problems (0% damage); a rating of 3,
minor problems (0-20% damage); a rating of 2; major problems (20-40% damage), a
rating of 1, extreme problems (>40% damage). For trees nominated that were dead,
while the history of the tree was significant to the community, a rating of 0, dead, was
created. The health and structure subcategories of the roots, trunk and scaffold
branches were rated individually and ratings were combined to produce one value for
each of those three factors. The overall condition rating was determined by totaling the
amount of points that each tree received for all five factors. The condition ranges were
Excellent, 27-32; Good, 21-26; Fair, 15-20; Poor, 8-14, and Dead, 0. All trees were
geographically referenced using a Trimble GeoXT Handheld Global Positioning
Systems (GPS) unit. Geographic Information Systems (GIS) technology was utilized to
evaluate trends in the collected data in relation to geographic regions, population
centers, historic communities, and transportation systems to explain significant tree
distribution.
Significant trees were divided into two categories: Historic and Horticultural,
based on the nominator’s comments on the tree’s significance. Historic trees were
subcategorized into Cherokee Native Americans, Civil War, Cultural (trees that were or
are involved in community and recurring cultural events), Event (trees that witnessed or
are associated with a single historic event), Location (trees that are notable based on
their association with a historic site), Person (trees that are associated with historic
individuals), and Sentimental (trees that have strong emotional ties to the family history
of those individuals who nominated them). Horticultural trees were categorized into:
Allee, Rare (species not usually seen in Georgia), Size, and Specimen (trees known for
their aesthetic structure).

Results and Discussion
Of the 281 trees nominated, 247 trees were visited and 220 were added to the
Historic and Horticulturally Significant Trees of Georgia Register. The greatest number
of significant trees (37.7%) was obtained from public response to publicity about the
project (Table 1). This outcome emphasized the important role that publicity played in
generating nominations. When the tree data was compared to population across
Georgia, a general positive trend existed but only 24% of the significant trees
distribution was explained by population using a linear model. We investigated the
possibility that the locations of historic and current transportation systems were related
to the location of the significant trees of Georgia. Of the 220 significant trees, 75.0%
were within five miles (a short walk or wagon ride) of the 1874 Georgia railroad system.
We discovered that 36.4% of the significant trees were within five miles of the navigable
rivers of Georgia and 50.9% of the trees were within five miles of the interstate.
However, when the distance was increased to 10 miles, the number of significant trees
found near major rivers increased to 72.7%. Historically, affluent people who would
plant and preserve trees usually lived near centers of commerce. These centers were
located near major rivers or railroad systems, which may account for the increased
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number of trees. The data suggested the location of interstate transportation systems
did not play as important a role in the distribution of significant trees as historic railroad
systems and major rivers.
After categorizing all significant trees, historic trees accounted for 55.9%. Trees
of the Location subcategory resulted in the largest subcategory, with 49 trees. This data
suggested a strong relationship between significant trees and historic locations.
Of the 220 significant trees, 85.0% were within the excellent condition rating
range. Most of the significant trees on this registry are in sheltered locations or are
protected by their communities by community tree ordinances and structural protection.
The tree may be at risk because of the condition of a single factor, but the overall
condition might be better than expected due to the totaling of all the factors. Other than
significant trees growing along roads, the longevity of very few trees in this registry was
threatened by human activity in the vicinity of the root system. These results suggest
that many of the significant trees will be enjoyed by future generations.
For other states conducting similar surveys, we recommend contacting
community and state foresters to inquire about similar contemporary or historic surveys
that may exist. Also, generating publicity for the general public is very important as most
of the nominations for this project came from publicity.

Literature Cited
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Table 1. Sources of the stories and locations of significant trees of Georgia
Source

Significant Trees of Georgia

Public response to publicity

83

Personal knowledge of the researchers

39

Georgia Urban Forest Council Landmark Tree Registry
(Georgia Urban Forest Council, 2004)

29

Tree registry of Athens (Junior Ladies Garden Club, 1977)

14

International Society of Arboriculture members

12

TreesAtlanta

11

Historic site directors

8

Landscape architects

7

Directors of cemeteries

6

Georgia Forestry Commission

6

Nursery industry

6

District foresters

6

Community foresters

6

Garden clubs

4

Extension agents

3

Historical societies

3

Tree foundations

3

Chambers of Commerce

2

City parks and grounds superintendent

2

Golf course superintendents

2

Historic site park rangers

2

Urban foresters

2

Source

Significant Trees of Georgia

County commissioners
Journalists
Botanic garden employees
Total significant treesz
z
Some trees were nominated more than once.
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Performance of ornamental plants in expanded-shale based landscape mixes
John Sloan, Wayne Mackay, Steve George, and Raul I. Cabrera
Texas AgriLife Research and Extension Center, 17360 Coit Rd., Dallas, TX 75252
j-sloan@tamu.edu

Keywords: landscape mix, expanded shale, biosolids, compost, cottonseed hulls
Significance to Industry: Landscape mixes are commonly used in urban settings
around horticultural plantings. Pine bark and peat moss have traditionally been the
major ingredients of these mixes. Because these materials are organic, the length of
their effectiveness is limited by eventual decomposition. Also, short-term nitrogen
deficiencies are sometimes caused by the addition of these materials to soil due to a
high carbon to nitrogen ratio. Clay textured soils would benefit from amendments that
supply essential plant nutrients and also permanently improve soil texture and structure.
Earlier research showed that the porous nature of expanded shale allows it to absorb
moisture and soluble nutrients and later release those nutrients to plants. This property
could make expanded shale a beneficial ingredient of landscape mixes, especially when
combined with decomposable organic materials such as compost and biosolids.
Expanded shale may adsorb nutrients released from mineralized organic matter and
extend the time they are retained in the plant rooting zone.
Nature of Work: This study evaluated the effect of expanded shale on a traditional
landscape mix and several alternative mixes. Landscape mixes are primarily
composted of organic materials. Traditional landscape mixes contain peat moss and
composted pine bark. However, many other organic materials are available that may be
more readily available in certain areas (2). Many municipalities produce compost from
their residential yard waste or municipal solid waste in order to divert those organic
residuals away from municipal landfills (1, 6). Wastewater biosolids is another nutrient
rich organic material that is readily available in urban areas, although there is likely to
be some public resistance to the use of biosolids in urban landscapes (3).
In this study, in addition to pine bark (PB) and sphagnum peat moss (PM), we
evaluated three organic materials that were readily available in the Dallas area,
including biosolids (BS), yard waste compost, and cottonseed hulls (CH). The organic
materials are listed in Table 1 along with their total nitrogen and carbon contents. Four
basic landscape mixes, listed in Table 2, were prepared using the materials listed in
Table 1. The four mixtures were: 1) 75% pine bark + 25% sphagnum peat moss (75PB/25-PM), 2) 50% pine bark + 50% biosolids (50-PB/50-BS), 3) 100% municipal yard
waste compost, and 4) 65% pine bark + 35% cottonseed hulls (65-PB/35-CH). Table 2
shows the NO3-N content of each mix prior to adding expanded shale. Expanded shale
was blended with each of these mixtures at rates of 0, 15, 30, and 60%. In total, 16
landscape mixes were evaluated (i.e., 4 organic blends x 4 rates of expanded shale).
Each landscape mix was transferred to 3 sets of greenhouse pots. The annual
flower, vinca (I would not capitalize vinca or verbena) (Catharanthus roseus), was
directly seeded into one set of pots, cuttings of the perennial flower verbena (Verbena
hybrida) were transplanted into the second set, and Shantung Maples seedlings (Acer
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truncatum) were transplanted into the third set. Plant growth was monitored to
determine how each landscape mix affected plant growth and development. Vinca and
verbena plants were harvested to determine total biomass yield. In the case of
verbena, both the original growth and secondary regrowth were harvested. Shantung
Maples were measured weekly to determine increases in plant height, width, and stem
thickness.

Results and Discussion:
Overall vinca growth was best in the 100% compost mixes, followed by the
traditional 75-PB/25-PM mixes and then the 50-PB/50-BS mixes (Fig. 1). There was no
biomass data for the 65-PB/35-CH blend because the vinca plants in those mixes
eventually died. Poor growth in mixtures containing cottonseed hulls is probably due to
nitrogen immobilization as a result of a high C:N ratio (4). Total biomass data (Fig. 1)
showed that expanded shale decreased plant growth in the traditional 75-PB/25-PM mix
and the 50-PB/50-BS mix, especially at the 60% rate of expanded shale. In the
compost mix, the 15 and 30% rates of expanded shale slightly increased vinca biomass
production, but reduced it at the 60% rate.
Verbena plants were harvested two times during the study in order to quantify
biomass production. For the first harvest, verbena biomass production was similar for
the 75-PB/25-PM, the 100% Compost, and the 50-PB/50-BS blends, regardless of
expanded shale content. However, verbena biomass production in the 65-PB/35-CH
was only about half that of the other mixes. For the second harvest, verbena biomass
production for all mixes was nearly identical and equal in magnitude to the first verbena
harvest from the 65-PB/35-CH mix. In fact, verbena growth in the 65-PB/35-CH blend
appeared to be improving at the time the second harvest was collected. It is likely that
the cottonseed hulls needed to be aged (i.e., partially decomposed) before being used
in the landscape mix.
Expanded shale had mixed effects on verbena growth in the landscape mixes.
Verbena growth in the traditional 75-PB/25-PM mix, the 50-PB/50-BS mix, and the 65PB/35-CH mix was significantly reduced by the addition of expanded shale for both the
first and second harvests. However, verbena growth in the compost mix was
significantly increased by the addition of up to 30% expanded shale for the first harvest,
but had little effect on verbena growth for the second harvest. It is likely that expanded
shale improved drainage and aeration in the compost mix, which originally lacked
optimal levels of those properties. However, the other three landscape mixes were
already sufficiently porous, so the addition of expanded shale caused excessive
drainage and reduced their ability to retain moisture. Also, for a fixed greenhouse
container volume, replacement of the organic ingredients with expanded shale actually
reduced the quantity of nutrients available for plant uptake because expanded shale did
not contribute nutrients to the mix. Expanded shale can absorb some of the nutrients
present in the organic ingredients and protect them from leaching (5), but it was not
clear if that was a factor in retaining root-zone nutrients in this study.
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Based on plant height, plant width, and stem thickness, Shantung Maple
seedlings grew fastest in the 75-PB/25-BS mixes, followed by the traditional 75-PB/25PM mixes and the compost mixes, and finally the 65-PB/35-CH mixes. In general,
maple growth reflected the availability of nutrients in the growing medium (Tables 1 and
2). Poor maple growth in the 65-PB/35-CH mixes might be attributed to nitrogen
immobilization due to a high C:N ratio, but poor physical environment for root growth
may have been a factor as well because the 65-PB/35-CH mix was the only one in
which maple growth was improved by the addition of expanded shale. In the 50-PB/50PM mixture and the traditional 75-PB/25-PM mixture, maple growth was not affected by
the addition of 15 and 30% expanded shale, but was decreased by the addition of 60%
expanded shale.
Comparing the growth of annual (vinca), perennial (verbena), and woody
ornamental (Shantung Maple) plants in a traditional pine bark and peat moss landscape
mix to their growth in landscape mixes based on other organic materials showed that
local organic materials, such as compost and biosolids, can be effective ingredients in
landscape mixes. Inclusion of expanded shale in the various landscape mixes
produced variable results on plant growth. Expand shale had positive short-term effects
on plant growth when added to landscape mixes that lack optimum drainage and
aeration. This is true of landscape mixes that contain decomposed organic materials
such as municipal yard waste compost. Other organic landscape mixes that already
contained course ingredients, such as pine bark, performed better as plant growing
mediums without the addition of expanded shale. In general, combining expanded
shale with locally-obtainable organic ingredients, such as biosolids or municipal yard
waste compost, can create landscape mixes that perform as well or better than
traditional pine bark + peat moss based mixtures. Landscape mixes are typically added
to soil and not used to directly grow plants as was done in this study. Landscape mixes
that contain expanded shale may have long-term beneficial effects that cannot be
expressed during a short-term greenhouse potting study.
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Table 1. Total carbon and nitrogen content of basic organic
ingredients used in landscape mixes.
Landscape Mix

Total N

Ingredient

Organic

C:N

Matter
(g/kg)

(g/kg)

Aged Pine bark (PB)

3.2

945

293

Sphagnum peat moss

6.9

981

143

Compost

6.9

244

35

Biosolids (BS)

19.3

411

21

Cotton seed hulls (CH)

4.4

979

222

(PM)

Table 2. Type and ratios of organic ingredients in each landscape mix. Soluble
NO3-N contents of each mix are shown in the last column.
Blend

Organic Ingredient 1

Organic Ingredient 2

Blend Code

NO3-N
(mg/kg)

1.

75% Pine Bark (PB)

25% Peat Moss (PM)

75-PB/25-PM

6.3 ± 0.9

2.

50% Pine Bark

50% Biosolids (BS)

50-PB/50-BS

395 ± 30

3.

100% MYW

Compost

78.0 ±

Compost
4.

65% Pine Bark

11.4
35% Cottonseed Hulls

65-PB/35-CH

11.5 ± 5.1

(CH)
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Ornamental Performance of 10 Fountain Grass Taxa Grown in
North and South Florida
Sandra B. Wilson1 and Gary W. Knox2 1 Indian River Research and Education Center,
Department of Environmental Horticulture, University of Florida-IFAS, 2199 South Rock
Road, Fort Pierce, FL 34945;
2
North Florida Research and Education Center, Department of Environmental
Horticulture, University of Florida-IFAS, 155 Research Road, Quincy, FL 32351
sbwilson@ufl.edu

Index Words. variety trialing, ornamental grass, invasive, Pennisetum alopecuroides,
Pennisetum messiacum, Pennisetum orientale, Pennisetum setaceum
Significance to Industry: Plant growth, visual quality, flowering and seed production
were assessed for 10 fountain grass (Pennisetum) taxa planted in north and south
Florida. All fountain grass taxa except dwarf purple-leaved fountain grass (Pennisetum
setaceum 'Rubrum Dwarf') and red buttons fountain grass (Pennisetum messiacum
'Red Buttons') achieved flower ratings of 3-5 in both locations during the first growing
season. During the second growing season, chinese fountain grass (Pennisetum
alopecuroides), cassian chinese fountain grass (Pennisetum alopecuroides 'Cassian'),
dwarf chinese fountain grass (Pennisetum alopecuroides 'Hameln') and 'Red Buttons'
flowered better in north Florida; and green fountain grass (Pennisetum setaceum) and
'Rubrum Dwarf' flowered better in south Florida. Visual quality of chinese fountain grass
and its cultivars generally declined in October without resuming growth through May.
Green fountain grass and its cultivars generally performed better in south Florida than
north Florida. Miniature chinese fountain grass (Pennisetum alopecuroides 'Little
Bunny') and oriental pennisetum (Pennisetum orientale) declined dramatically during the
first season and did not survive the 84 week study in north or south Florida. The purpleleaved fountain grass (Pennisetum setaceum 'Rubrum') and 'Rubrum Dwarf' did not
produce any seed.
Nature of Work: The use of ornamental grasses in median strips, parking lot borders,
and for erosion control on slopes has become increasingly popular over the years.
While most serve to beautify our landscapes, some have escaped cultivation and
become invasive. The wild type or species form is generally deemed invasive without
regard to cultivars. Introduced to Hawaii in 1914, Pennisetum setaceum has since
escaped cultivation in 8 states (USDA NRCS, 2008) including Florida (3 southern
counties) (Wunderlin and Hansen, 2008). It is listed as invasive in California, Florida
and Arizona and as a noxious weed in Hawaii. As an extremely aggressive colonizer, it
is also problematic in other parts of the world including the Canary Islands and
Australia. While data suggests a high invasive potential for the wild type (green form),
the purple form has been reported to be a pollen sterile hexaploid (Simpson and
Bashaw, 1969). Landscape evaluation of related taxa and cultivars is necessary for
promoting suitable alternatives. The overall objective of this study was to evaluate plant
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performance, growth, and flowering of 10 Pennisetum taxa planted in north Florida
(Quincy, USDA Zone 8b) and south Florida (Fort Pierce, USDA Zone 9b).
Ten Pennisetum taxa were selected for this study based on popularity and
availability (Table 1). Nine uniform 3.8-L plants of each taxon were installed in north
Florida (Quincy) and south Florida (Fort Pierce) on 11 June 2003. Plants were placed
1.2 m on center in beds covered with black landscape fabric, and watered and fertilized
by industry standards. Visual quality (plant color and form) was assessed monthly by
three individuals for each cultivar independently at each location using a scale from 1 to
5 where 1=very poor quality, 3=fair quality, marginally acceptable, somewhat desirable
form and color, and 5=excellent quality, very marketable. Assessments of flower
coverage were performed on a scale from 1 to 5 where 1=0% (no flowers present),
2=25%, 3=50%, 4=75%, and 5=100% (maximum canopy coverage). After 64 weeks,
flower panicles were counted for each plant. The experiment was terminated after 84
weeks. Growth index of each plant was calculated as an average of the measured
height and two widths [(height + width 1 + width 2)/3]. Basal crown circumference was
measured 2.5 cm (1.0 in) above soil level. The field experiments were conducted
identically in north and south Florida. A randomized complete block experimental
design was used with 10 taxa placed in three-plant plots replicated three times. Plots
with fewer than 3 plant samples (due to plant loss) were averaged and used as the
means for that experimental unit. Each experiment was subjected to analysis of
variance (ANOVA) and significant means separated by least significant difference
(LSD), P=0.05 level.

Results and Discussion: Within the first 6 months of the study (June thru December
2003) in north and south FL, the visual quality of 'Hameln', 'Little Bunny', 'Moudry',
oriental pennisetum, and 'Rubrum Dwarf' gradually declined and plants either died or
visual quality improved only slightly (Figure 1). In north FL, chinese fountain grass,
'Cassian' and 'Rubrum' improved during the second growing season, with good visual
quality in July and August 2004. In south FL, green fountain grass, and 'Rubrum' were
rated good to very good throughout much of the study. 'Little Bunny' and oriental
fountain grass did not survive the 84 week study in either location. 'Hameln' and 'Red
Buttons' survived in north FL only and 'Rubrum Dwarf' survived in south FL only.
Peak flowering generally occurred in August through October in north FL and extended
into November in south FL (data not presented). In 2003, flower ratings in south FL
were comparable to those in north FL. During the second growing season, chinese
fountain grass, 'Cassian', 'Hameln' and 'Red Buttons' flowered better in north FL and
green fountain grass and 'Rubrum Dwarf' flowered better in south FL. Inflorescence
number within a single counting observation (at week 64) was greatest for green
fountain grass and 'Rubrum' in south FL and chinese fountain grass and 'Cassian' in
north FL. Chinese fountain grass, 'Cassian', 'Moudry', 'Red Buttons', oriental fountain
grass and green fountain grass were the only taxa that produced enough seed during
the second growing season for viability testing. Of the Pennisetum taxa evaluated in
south FL, after 84 weeks, 'Rubrum' was the tallest with the greatest growth index, but
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green fountain grass had the greatest crown circumference (data not presented). In
north FL, both 'Rubrum' and green fountain grass were similarly tall; green fountain
grass had the greatest growth index, and chinese fountain grass and green fountain
grass had the greatest crown circumference.
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Table 1. Nomenclature and plant description of 10 fountain grass taxa evaluated during the study. Plant
form is based on categories described by Greenlee (1992). Foliage and inflorescence descriptions are
based on observations in Florida.
Common
name

Species

Cultivar

Plant
form

Chinese
fountain
grass

P.
alopecuroides

Upright
divergent

Leaves emerge in early spring and are followed in late
summer by whitish, foxtail-like inflorescences that darken with
age. Height of inflorescences ranges from just above the
foliage to about 1.25 times the plant height. Foliage and
inflorescences senesce and turn tan-colored by mid-fall.

Cassian
chinese
fountain
grass

P.
alopecuroides

'Cassian'

Tufted

Smaller form of the species. Leaves emerge in mid-spring and
inflorescences develop in mid-summer, emerging whitish and
aging to beige. Inflorescences are held just above the foliage.
Leaves and inflorescences turn tan-colored by mid-fall.

Dwarf
chinese
fountain
grass

P.
alopecuroides

'Hameln'

Tufted to
upright
divergent

Dwarf form of the species with more narrow leaves. New
growth emerges in late spring and is followed in early summer
by inflorescences that are whitish to pale pink, aging to beige.
Inflorescences are held just above foliage.

Miniature
chinese
fountain
grass

P.
alopecuroides

'Little
Bunny'

Tufted

Less vigorous, very dwarf form of the species. Plants develop
whitish inflorescences that age to beige. Inflorescences are
held just above the foliage. Inflorescences and leaves turn
tan-colored by early fall.

Blackflowering
chinese
fountain
grass

P.
alopecuroides

'Moudry'

Mounded

Leaves are wider than the species and emerge in mid- to late
spring. Inflorescences develop in early fall just above the
foliage and are dark brown to black. Leaves turn tan-colored
by mid- to late fall.

Red
buttons
fountain
grass

P.
messiacum

'Red
Buttons'

Tufted to
arching

Leaves emerge in early spring and are quickly followed by
whitish inflorescences aging to pink and beige. Inflorescences
are displayed above the foliage about 1.5 times the plant
height. Leaves and inflorescences senesce and turn tancolored by late summer.

Oriental
pennisetum

P. orientale

Upright
divergent

Pinkish, foxtail-like inflorescences age to beige and are held
just above the foliage. Leaves and inflorescences turn tancolored by mid-fall.

Green
fountain
z
grass

P. setaceum

Upright
arching

Leaves emerge in late spring and are followed in early
summer by pale pink, foxtail-like inflorescences that age to
white or beige. Inflorescences are displayed just above the
foliage. Leaves and inflorescences turn straw-colored by late
fall.

Purpleleaved
fountain
grass

P. setaceum

'Rubrum'

Upright
arching

Burgundy leaves emerge late spring to early summer. Dark
pink inflorescences form from mid-summer to early fall, aging
to pale pink. Height of inflorescences ranges from just above
the foliage to about 1.25 times the plant height.

Dwarf
purpleleaved
fountain
grass

P. setaceum

'Rubrum
Dwarf'

Tufted

Smaller, less vigorous form of 'Rubrum'. Pale pink
inflorescences are held just above the foliage and age to
white. Leaves and inflorescences turn tan-colored by mid-fall.

Foliage and inflorescence description

Z

Green fountain grass (Pennisetum setaceum) is listed by the Florida Exotic Pest Plant
Council (FLEPPC) as a Category II invasive in south Florida (FLEPPC, 2007).
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Figure 1. Monthly visual quality assessment (plant color and form) of 10 fountain grass
(Pennisetum) taxa planted in north (
) and south (
) Florida. Level of
performance is rated 1 (very poor quality) to 5 (excellent). (figure continues on next
page)
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Figure 1. (Continued form previous page) Monthly visual quality assessment (plant
color and form) of 10 fountain grass (Pennisetum) taxa planted in north (
) and
south (
) Florida. Level of performance is rated 1 (very poor quality) to 5
(excellent).
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