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Growth and Flowering Responses of Three Novel Landscape Plants to Summer
Shade Levels in Central Texas
Michael A. Arnold, Andrew R. King, and Sean T. Carver
Texas A&M University, Dept. of Horticultural Sciences, M.S. 2133, College Station, TX
ma-arnold@tamu.edu
Index words: Justicia brandegeana 'Fruit Cocktail' (fruit cocktail shrimp plant),
Lithodora diffusa 'Grace Ward' (Grace Ward scrambling gromwell), Otacanthus azureus
(Brazilian snapdragon).
Significance to Industry: Light shade greatly increased flowering of Justicia
brandegeana D.C. Wassh. & L.B. Smith ‘Fruit Cocktail’, along with strong canopy
growth in light (33%) or heavy shade (66%) compared to full summer sun exposure.
While surviving longer with shade than in full sun, Lithodora diffusa (Lag.) I.M. Johnst.
'Grace Ward' growth and flowering were not acceptable in any treatment during a
Central Texas summer (borderline USDA zones 8b/9a). Otacanthus azureus (Linden)
Ronse grew well vegetatively during summer in a range of light exposures from full sun
to heavy shade, but flowering was progressively reduced by increasing shade levels.
Nature of Work: Lithodora diffusa 'Grace Ward', often listed as hardy in USDA zones 6
to 8, and Otacanthus azureus, considered cold hardy in USDA zones 9 to 11, had both
flowered well in greenhouse trials and protected landscape locations for us under cool
short days in previous trials, but data on potential summer growth and light
requirements were lacking. Justicia brandegeana has long been cultivated in our region
(1), but the cultivar ‘Fruit Cocktail’ was anecdotally reported to flower more heavily in
shade. Thus a study was undertaken to investigate the growth and flowering of these
three novel taxa under varied shade levels across the summer growing season in
Central Texas using procedures detailed in Arnold et al. (2).
Justicia brandegeana 'Fruit Cocktail', L. diffusa 'Grace Ward', and O. azureus cuttings
were rooted in 4 in liner pots containing Metro Mix 700 in April 2008 in a greenhouse
under intermittent mist. Rooted cuttings were acclimated for 3 days in the greenhouse
without mist, then moved to an outdoor nursery under 50% light exclusion until
transplant to the landscape.
Irradiance screenings in the landscape were conducted in specially constructed portable
shade structures that were 120 in long, 96 in wide, and 57 in tall (2). Frames consisted
of 1.25 in interior 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 an 8 in average gap at the top to facilitate air movement. Irradiance
treatments included full sun (mean of 1949 µmol·m-2·s-1 PAR above the canopy), 33 %
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light exclusion (1234 µmol·m-2·s-1), and 66% light exclusion (613 µmol·m-2·s-1). Two
structures each of the 33% and 66% shade, each containing three plants of each of the
four species, were planted on 24 April 2008. Two replicate plantings were established
in adjacent plots in full sun. Plots were established in a sandy loam soil in 8 in tall
raised beds, mulched with 2 in of pine bark mulch, and drip irrigated throughout the
growing season. Plants were fertilized 3 times during the growing season with a 13-1313 granular fertilizer at the rate of 1 lb. N per 1000 ft2.
Plants were monitored for growth (height, widest and narrowest canopy width) and
flowering (number of individual flowers for L. diffusa and O. azurea, flower panicles for
J. brandageana) through the growing season. Plant indices were calculated as height x
widest width x narrowest width to create a pseudo-volume estimate of canopy size.
Data were analyzed using the general linear models procedures in SAS version 9.1 (3).
Means were compared using least squares means procedures at alpha ≤ 0.05.
Results and Discussion: Significant (P ≤ 0.05) three-way interactions were observed
for height, plant index, and flower number among species, shade levels, and time in the
landscape (Table 1). Light shade (33%) increased J. brandegeana height and canopy
volume over that of those grown in full sun, and heavy shade (66%) increased late
summer and fall canopy volume over that of full sun (Table 1). However, J.
brandegeana flowering was 115 to 130% greater with light shade than either full sun or
heavy shade (Table 1). The species type is noted for its ability to provide color in
shaded borders (1), and the cultivar ‘Fruit Cocktail’ also grew and flowered well under
similar conditions (Table 1). By mid-summer all L. diffusa grown in full sun were dead,
although plants survived longer under shade, by late autumn L. diffusa was dead under
all light regimes (Table 1). Strong canopy growth occurred with O. azureus in full sun to
66% shade, however by the end of the growing season flowering was reduced by 19%
in 33% shade and 39% in 66% shade compared to full sun (Table 1).
Literature Cited:
1. Arnold, M.A. 2008. Landscape Plants For Texas And Environs, Third Ed. Stipes
Publ. L.L.C., Champaign, IL. p. 1334.
2. Arnold, M.A., G.V. McDonald, G.C. Denny, S.T. Carver, and A.R. King. 2010.
Screening potential new tropical ornamentals for alkalinity, salinity, and irradiance
tolerances. J. Environ. Hort. (In submission).
3. SAS, Inc. 2003. SAS version 9.1 for Windows. SAS Institute Inc., Cary, NC.
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Table 1. Three-way interactions among species (Justicia brandegeana 'Fruit Cocktail',
Lithodora diffusa 'Grace Ward', and Otacanthus azureus), shade levels (0, 33, and 66 %
light exclusion) and date (April 25 to October 28, 2008) in a central Texas landscape.
Plants were grown in raised beds containing a sandy loam soil and drip irrigated.

Species
J. brandegeana

Shade
(% light
exclusion)
0%

33%

66%

L. diffusa

0%

33%

66%

O. azureus

0%

33%

66%

Date
April 25
July 31
Sept. 12
Oct. 28
April 25
July 31
Sept. 12
Oct. 28
April 25
July 31
Sept. 12
Oct. 28
April 25
July 31
Sept. 12
Oct. 28
April 25
July 31
Sept. 12
Oct. 28
April 25
July 31
Sept. 12
Oct. 28
April 25
July 31
Sept. 12
Oct. 28
April 25
July 31
Sept. 12
Oct. 28
April 25
July 31
Sept. 12
Oct. 28

Landscape

Plant
height
(cm)
14.0 ey
45.0 cd
52.0 abc
41.7 d
11.3 e
42.6 cd
56.3 ab
61.5 a
12.0 e
41.7 d
55.0 ab
47.8 bcd
8.2 a
8.2 a
8.0 bc
11.0 a
8.0 b
8.7 a
5.0 c
24.3 e
63.3 cd
72.0 bc
65.8 bcd
24.0 e
58.0 d
71.0 bc
59.2 d
23.2 e
58.7 d
83.7 a
76.8 ab

Plant
Flower number
index
or panicles
(cm3)
(#/plant)
2234 g
0.3 d
49280 fg
10.7 d
167195 de
32.3 c
206817 cd
63.8 b
1558 g
0.7 d
84199 efg
8.6 d
280788 bc
66.3 b
584467 a
137.8 a
2451 g
0.0 d
131839 def
5.8 d
221619 cd
32.5 c
322407 b
59.7 b
695 c
0.2 a
860 c
0.8 a
7424 b
0.0 a
12210 a
0.0 a
770 c
0.0 a
13352 a
0.0 a
8190 b
0.0 a
8704 e
3.8 e
385810 d
43.5 c
834711 b
40.7 cd
1374245 a 146.7 a
9966 e
5.8 de
361827 d
20.2 cde
730225 bc
39.8 cde
938134 b
118.8 ab
11446 e
4.8 e
451688 cd 24.5 cde
920891 b
29.2 cde
1497750 a
90.0 b
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General linear model effects:
Species
***z
***
***
Shade
ns
ns
**
Species x shade
ns
**
**
Date
***
***
***
Species x date
***
***
***
Shade x date
ns
ns
**
Species x shade x date
*
**
*
y
Values represent means of 6 observations; means within a column and species
followed by the same letter are not significantly different from each other using least
squares means procedures at P # 0.05. Missing data indicates that the plants in that
treatment all died.
z
*, **, ***, or ns indicate significant effects in the general linear models procedures at P ≤
0.05, P ≤ 0.01, P ≤ 0.001, or not significant, respectively.
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Effects of Pre-plant Compost and Subsequent Fertigation on Landscape
Performance of Organically-grown Marigold
Guihong Bi1, William B. Evans1, Mengmeng Gu2 and Vasile Cerven1
1

Mississippi State University, Truck Crops Station, Crystal Springs, MS 39059
2
Department of Plant and Soil Sciences, Mississippi State, MS 39762
gb250@msstate.edu

Index Words: Compost, organic fertilizer, broiler litter, Tagetes patula L.
Significance to Industry: The ornamental industry has moved into several niche
markets over the years. One of the latest of these is production of organically-grown
bedding plants and container stocks. Billmann (4) states that the worldwide production
of organic ornamentals is moving from a very small niche into a more mainstream
sector of horticulture. Indeed, in a new survey of nurseries across the United States
(5), over 60% of respondents were using organic composts, more than 40% were using
organic fertilizers, more than 20% were using waste products in substrates, more than
15% were using certified organic substrates, and nearly 5% were using non-plastic
(alternative) pots in their production systems. With a significant portion of the industry
moving to serve consumers wanting organically produced ornamentals, the industry
needs sound production management techniques for organic production and the ability
to educate wholesale and retail customers about best management practices for
performance of these products in landscape settings. In this study, we evaluated the
effects of pre-plant compost and subsequent fertigation on landscape performance of
organically-grown marigold. Results showed that appropriate rates of pre-plant
compost applications and subsequent fertigation can lead to good performance of
marigolds in an organic landscape setting. We found that as with more standard
fertilizer practices, higher rates of fertilizer may not be needed and can actually reduce
plant quality. This study provides preliminary data on organic fertility management for
marigold in the landscape, and may be used as a basis for testing and developing
appropriate organic fertility management for a range of landscape materials.
Nature of Work: One important aspect of organic systems is the utilization of natural
fertilizers and composts. Organic fertilizers are often complex products with soluble and
insoluble nutrient sources that are released over extended periods of time. Several
organic liquid fertilizers have been shown to produce N recovery rates at or above those
of soluble synthetic ammonium sulfate (6). Compost has multiple roles in organic
systems, and several types of compost have been shown to improve soil or substrate
quality, and enhance ornamental crop growth in the greenhouse (7) and the landscape
(8). For the present work, we evaluated the influence of pre-plant compost application
and subsequent fertigation with organic fertilizer on field performance, growth, and
flowering of organically-grown marigold plugs after transplanting to an organic
landscape setting.
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This study was conducted at the Mississippi State University Truck Crops Branch
Experiment Station in Crystal Springs, MS, using practices within the National Organic
Standards, under USDA’s National Organic Program (9). Organically-grown French
marigold (Tagetes patula L. ‘Janie Deep Orange’) seedlings grown in standard 216 cell
packs in a greenhouse were transplanted to raised beds in a certified organic field in
late summer 2010. The soil was Providence silt loam.
A locally produced organic composted broiler litter (Currie Farms, Raleigh, MS) was
selected for initial soil amendment in the field. A liquid catfish processing byproduct
MultiBloom (2-2-2 or 2N-0.8P-1.6K) (Hydrosylate Company of America, Isola, MS) was
chosen as organic fertilizer for fertigation after transplanting. The study was arranged as
a randomized complete block design with three replications. The three pre-plant
compost treatments included control (no compost), composted broiler litter at a low rate
(3 tons/acre), and composted broiler litter at a high rate (6 tons/acre). The compost was
incorporated into the top 6 inches of soil in the raised bed before laying the drip
irrigation tape and black plastic mulch. A single drip tape was placed in the center of
each bed and buried 1 inch below the top of the bed. Irrigation was supplied as needed
through the drip tape. There were three fertigation treatments: no fertilizer (water only),
organic low (100 ppm N from MultiBloom), and organic high (200 ppm N from
MultiBloom). Starting 20 days after planting (DAP), each plant was supplied with 200 ml
of solution for each fertigation treatment twice a week. Each treatment combination
contained 15 marigold plants at 1 ft. spacing in a single row.
On 20 DAP, before fertigation started, leaf greenness (chlorophyll content) was
quantified using a SPAD-502 Chlorophyll Meter (Minolta Camera Co., Ramsey, NJ). For
each plant, three recently fully expanded leaves were randomly chosen for SPAD
measurement and the average of the three readings was recorded. Plant growth index
[PGI = (height + widest width + perpendicular width) ÷ 3] was recorded. Plant height
was measured from the soil surface to the tallest plant part. Plant growth index was
measured again at 40 DAP. The number of open flowers per plant was counted on 52
DAP during peak bloom.
Results and Discussion: Incorporating composted broiler litter into the soil before
transplanting significantly affected plant growth index (PGI) and leaf SPAD readings.
On 20 days after transplanting (DAP), plants that received composted broiler litter had
significantly higher PGI and SPAD readings than plants that did not receive any
compost (Table 1). There were no significant differences on PGI or SPAD between
plants that received high rate (6 tons/acre) of compost and plants that received low rate
(3 tons/acre) of compost (Table 1).
There were significant main effects of compost and fertigation with no interaction
between compost and fertigation on PGI on 40 DAP (Table 1). Regardless of fertigation
treatment, plants that received pre-plant compost either at the high rate or at the low
rate had significantly higher PGI than plants that did not receive any compost,
suggesting pre-plant compost improved plant growth. Plants that received the high rate
of pre-plant compost had similar PGI as plants that received low rate of compost,
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suggesting that high rate of pre-plant compost may not have been needed for optimal
growth. Regardless of compost treatment, plants that received the low rate of fertigation
had significantly higher PGI than plants that received the high rate of fertigation,
suggesting the high rate fertigation we used may indicate excessive fertilization which
led to reduced plant growth (Table 2). Plants that did not receive any fertigation had
similar PGI as plant that received the high rate of fertigation.
There were significant main effects of compost and fertigation with no interaction on the
number of flowers per plant on 52 DAP. Regardless of fertigation treatment, plants that
received the high rate of pre-plant compost had significantly higher numbers of flowers
than plants that received the low rate of compost. Plants that did not receive any
compost had the fewest flowers (Table 1). Regardless of compost treatment, plants that
received the high rate of fertigation had a similar number of flowers as plants that
received the low rate of fertigation, and plants that did not receive any fertigation had
the lowest number of flowers (Table 2).
The present work shows the efficacy of broiler litter compost as a nutrient source for
landscape application in marigold, just as uncomposted chicken litter (3), pre-leached
mushroom compost (10) and vermicompost (1,2) have proven suitable in production of
marigolds in greenhouse substrates. We have also shown that feeding marigolds with
appropriate rate of liquid organic fertilizer can produce high quality plants in the
landscape. It is important to note that over-application, and its associated negative
environmental impacts, are possible with organic fertilizers and composts, just as with
synthetic fertilizer sources. We recommend users of these materials test them
thoroughly before incorporating them into their practices.
Literature Cited:
1. Atiyeh, R.M., N.Q. Arancon, C.A. Edwards and J.D. Metzger. 2002. The influence of
earthworm-processed pig manure on the growth and productivity of marigolds.
Biores. Tech. 81(2): 103-108.
2. Bachman, G.R. and J.D. Metzger. 2008. Growth of bedding plants in commercial
potting substrate amended with vermicompost. Biores. Tech. 99(8): 3155-3161.
3. Bi, G., W.B. Evans, J.M. Spiers and A.L. Witcher. 2010. Effects of organic and
inorganic fertilizers on marigold growth and flowering. HortScience 45(9): 1373-1377.
4. Billmann, B. 2008. Development of the Organic Ornamentals Sector Worldwide. 16th
IFOAM Organic World Congress. http://orgprints.org/12701/1/Billmann-2008Organic_Ornamentals-ifoam2008-final_version.pdf
5. Dennis, J.H., R.G. Lopez, B.K. Behe, C.R. Hall, C. Yue and B.L. Campbell. 2010.
Sustainable Production Practices Adopted by Greenhouse and Nursery Plant
Growers. HortScience 45(8):1232-1237. 2010.
6. Hartz, T.K., R. Smith and M. Gaskell. 2010. Nitrogen availability from liquid organic
fertilizers. HortTech. 20(1): 169-172.
7. Krucker, M., R.L. Hummel and C. Cogger. 2010. Chyrsanthemum production in
composted and noncomposted organic waste substrates fertilized with nitrogen at
two rates using surface and subirrigation. HortSci. 45(11): 1695-16701.
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8. Loper, S., A.L. Shober, C. Wiese., G.C. Denny, C.D. Stanley and E.F. Gilman. 2010.
Organic soil amendment and tillage affect soil quality and plant performance in
simulated residential landscapes. HortScience 45(10): 1522-1528.
9. USDA, 2010. National Organic Program. http://www.ams.usda.gov/AMSv1.0/nop .
Nov. 11, 2010
10. Young J.R., E.J. Holcomb and C.W. Heuser. 2002. Greenhouse growth of marigolds
'in three leached sources of spent mushroom compost over a 3-year period.
HortTech. 12(4): 701-705.
Table 1. Effects of pre-plant broiler litter compost on plant growth index (PGI), leaf
SPAD reading, and the number of flowers of ‘Janie Deep Orange’ French marigold
grown in an organic field.
20 DAPy
40 DAP
52 DAP
No. of
Compostz
PGIx
SPAD
PGI
flowers/plant
High Rate
12.39 aw
50.38 a
23.06 a
32.90 a
Low Rate
12.01 a
49.76 a
23.30 a
30.81 b
Control
11.09 b
48.09 b
21.68 b
27.40 c
z

Compost = composted broiler litter; high rate = 6 lbs/acre; low rate = 3 lbs/acre; control
= no compost.
y
DAP = days after planting.
x
PGI = plant growth index [(height + widest width + perpendicular width) ÷ 3].
w
Means followed by the same letter within each column are not significantly different
according to Fisher’s protected LSD test (P = 0.05).
Table 2. Effects of fertigation on plant growth index (PGI) and the number of flowers of
‘Janie Deep Orange’ French marigold grown in an organic field.
52 DAP
40 DAPy
z
x
Fertigation
PGI
Number of flowers
w
High Rate
22.43 b
32.82 a
Low Rate
24.23 a
31.85 a
Control
21.76 b
26.58 b
z

Fertigation = MultiBloom; high rate = 200 ppm N from MultiBloom; low rate = 100 ppm
N from MultiBloom; control = water.
y
DAP = days after planting.
x
PGI = plant growth index [(height + widest width + perpendicular width) ÷ 3].
w
Means followed by the same letter within each column are not significantly different
according to Fisher’s protected LSD test (P = 0.05).
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Evaluation of Landscape Plants for Use on Green Roofs in the
Texas Gulf Coast Area
1

Anthony W. Camerino, 1Carol S. Brouwer and 2Astrid Volder
1

Texas AgriLife Extension Service, Harris County Office
3033 Bear Creek Drive Houston Texas 77084
2
Department of Horticultural Sciences, Texas A&M University, College Station, TX
77845
AWCamerino@ag.tamu.edu
Index Words: Dianella caerulea ‘Cassa Blue’, Dianella revoluta ‘Baby Bliss’, Dianella
revoluta ‘Big Rev’, Dianella revoluta ‘Little Rev’, Dianella tasmanica ‘Tasred’, Lomandra
hystrix ‘Tropic Belle’, Lomandra longifolia ‘Breeze’, Lomandra longifolia ‘Katrinus
Deluxe’, green roof, Moraea iridioides
Significance to Industry: The use of green roofs is becoming more common in
urbanized areas of Texas as real estate developers, local planners, and municipal
employees discover the associated benefits of reduced cooling and heating costs,
stormwater mitigation, and air purification. Currently most plant selection for green roofs
is based on anecdotal evidence and experience. This study adds to the body of data
needed by nurseries, landscapers, and green roof designers to guide the selection of
plants for green roofs in the southern United States.
Nature of Work: Extensive green roofs are a subject of growing interest in the southern
United States due to their many documented benefits, including a reduced urban heatisland effect and lowered cooling costs for buildings where they are installed (4). In
addition, green roofs help to mitigate stormwater runoff and provide wildlife habitat (3).
Throughout the world, most green roofs are located in temperate climates, such as
northern parts of Europe and the United States (3). Information about the design and
use of green roofs in subtropical regions of the United States is limited.
Very little information has been published about plants suitable for green roofs in the
southern United States, where summer temperatures, which often reach 100°F or more,
may cause physiological damage to many species and varieties of landscape plants.
High winds and humidity of coastal areas may also affect plant health. In Texas, plants
that have been tested for use on green roofs include Delosperma cooperi, Delosperma
‘Beaufort West’, Lantana X hybrida ‘New Gold’, Sedum album, Sedum kamtschaticum,
Phyla nodiflora, Santolina virens, Santolina chamaecyparisus, Ruellia brittoniana ‘Katie’,
and Tachelopspermum asianticum (1, 2), but these trials were not located near the
coastal area.
Ozbreed Ltd., an Australian-based plant breeding and introduction company, markets
their ‘Celebrated Plants’ line as requiring little or no irrigation. This study evaluated the
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‘Celebrated Plants’ line as well as other well-adapted, drought-tolerant plants, including
butterfly iris, a wildflower mix, and a native grass mix, for use on a green roof in coastal
southeast Texas under irrigation-limited conditions.
Eight new ornamental grasses from OzBreed’s ‘Celebrated Plants’ line called the
‘Aussie Mix’ were planted on a green roof at 2000 West Parkwood Suite 100,
Friendswood, Texas on January 15, 2009. The building is the corporate headquarters of
Jacob White Construction. The plants were grown in 3.5-in square containers before
installation. The plants were completely rooted-out in the containers at the time of
planting. Six plants of each cultivar from the Aussie Mix were planted in a randomized,
complete-block design. The native grass mix and the wildflower mix were established
from seed. The seeding rate for the native grass mix was 5.13 oz/100 ft2 and 1.29
oz/100 ft2 for the wildflower mix. Each butterfly iris replication consisted of 12 one-gallon
completely rooted-out container plants.
The green roof growing media was provided by a local landscape soil distributor and
was installed in late October 2008 to a depth of six inches after settling. The media
consisted of:
• 60% expanded shale
• 30% leaf mold compost
• 10% enriched loam
• 1.25 pound per yard Microlife Ultimate fertilizer (8-4-6)
• 0.25 pound per yard ECO-MIN
Table 1 lists the plants evaluated in the trial.
The plants were watered by overhead irrigation three times each week with 0.17 inches
applied per irrigation event (i.e. 0.5 inches per week) in the early morning when wind
speeds are typically lowest. Once the plants were established, all treatments were split
into two different irrigation regimes (July 19, 2009). Half the replications received drip
irrigation every day at the rate of 1.0 inches water per day (complete saturation of
growing media), while the other replications received no further irrigation. The plants
were checked every two weeks thereafter. When saturated, the green roof soil media
holds up to 0.9 inches of water (personal communication, Jacob White Construction
representative).
The evaluation concluded on October 30, 2009, and plant quality scores were taken.
The rating scale used values from 0 to 9, with 0 indicating a dead plant, 6 indicating an
acceptable quality and 9 indicating a perfect plant with no blemishes.
Each Aussie Mix plant was rated individually by four Harris County Extension Master
Gardener volunteers. Each treatment was also rated as a whole by the same four Harris
County Extension Master Gardener volunteers.
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Results and Discussion: No Aussie Mix plants died after July 19, 2009 (the date the
irrigation scheme was altered), but the other treatments did experience some mortality
(data not shown). Survival rates for the eight Aussie Mix species are presented in Table
2.
Table 3 presents the average plant quality score of the individual Aussie Mix plant
species and cultivars as a whole and grouped according to irrigation treatment
(excluding dead plants) on October 20, 2009.
There was no significant difference in quality ratings between the irrigated and nonirrigated Aussie Mix plants. One possible reason is that the total amount of rainfall
received over the duration of the trial was adequate to sustain quality plant material on
this green roof. From January 15, 2009 through July 15, 2009, 24.37 inches of rainfall
was recorded. During April, 13.37 inches of the total rain fell during two rain events only
five days apart. While the spring and summer of 2009 were noted for above average
temperatures and below average rainfall, 22.64 inches of rain fell from July 16, 2009 to
October 30, 2009. Weather data for the research site was obtained from a weather
station located 2.8 miles away at the Pearland Regional Airport.
The average quality ratings of the Aussie Mix, butterfly iris, and the native grass mix
treatments were significantly higher than the average quality rating of the wildflower mix
(Table 4). There was no significant difference in quality ratings among the Aussie Mix,
butterfly iris, and the seeded native grass mix (Table 5, Chart 1).
Within the Aussie Mix, Dianella revoluta ‘Little Rev’, Dianella revoluta ‘Big Rev’, and
Dianella caerulea ‘Cassa Blue’ quality ratings were significantly better than the others in
the mix with no significant difference among their own ratings (Table 6, Table 7, Chart
2). It is likely that a plant mix consisting of the highest scoring Aussie plants would have
scored significantly better as a single treatment compared to the butterfly iris, wildflower
mix, and native grass mix treatments. While Dianella revoluta ‘Baby Bliss’, Dianella
tasmanica ‘Tasred’, Lomandra hystrix ‘Tropic Belle’, Lomandra longifolia ‘Breeze’, and
Lomandra longifolia ‘Katrinus Deluxe’ are noted as having good heat and drought
tolerance, the artificial growing media, shallow soils, and constant wind may have
affected the performance of these plants.
Literature Cited
1. Harp, Derald A. and Chelsea Suttle. 2009. Performance of ornamental groundcovers
and perennials in Texas green roof gardens. SNA Res. Conf. 54:240–244.
2. Harp, Derald A. and Steven Pulatie. 2008. Preliminary Evaluation of Landscape
Plants for Use on Green Roofs in Texas. SNA Res. Conf. 53:433–435.
3. Thompson, J. William and Kim Sorvig. 2000. Sustainable Landscape Construction.
Island Press, Washington D. C.
4. United States Environmental Protection Agency. 2003. Cooling summertime
temperatures: strategies to reduce urban heat islands. Publication No. 430-F-03014.
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Table 1. Evaluated Plants
Aussie mix
Dianella caerulea ‘Cassa Blue’
Dianella revoluta ‘Baby Bliss’
Dianella revoluta ‘Big Rev’
Dianella revoluta ‘Little Rev’
Dianella tasmanica ‘Tasred’
Lomandra hystrix ‘Tropic Belle’
Lomandra longifolia ‘Breeze’
Lomandra longifolia ‘Katrinus Deluxe’

Perennial
Perennial
Perennial
Perennial
Perennial
Perennial
Perennial
Perennial

Wildflower mix
Texas Bluebonnet
Indian Blanket
Scarlet Flax
Tickseed
Lemon Mint
Purple Coneflower
Drummond Phlox
Cornflower
Rocket Larkspur
Baby Blue Eyes
Ox-Eyed Daisy
California Poppy
Yellow Cosmos
Baby's Breath
African Daisy
Plains Coreopsis
Clasping Coneflower
Black-Eyed Susan
Tuber Vervain
Corn Poppy
Toadflax
Dwarf Red Coreopsis
Standing Cypress
Showy Primrose
Mexican Hat
Texas Paintbrush

Percent of seed mix
Annual
Annual
Annual
Perennial
Annual/Perennial
Perennial
Annual
Annual
Annual
Annual
Perennial
Annual/Perennial
Annual
Annual
Annual
Annual
Annual
Annual/Perennial
Perennial
Annual
Annual
Annual
Perennial
Perennial
Annual/Perennial
Annual/Perennial/Biennial

Native grass mix
Buffalograss
Blue Grama

3.5 in container
3.5 in container
3.5 in container
3.5 in container
3.5 in container
3.5 in container
3.5 in container
3.5 in container
18.90%
8.00%
6.60%
6.45%
6.23%
5.86%
5.29%
4.40%
4.40%
4.40%
4.18%
3.14%
2.86%
2.86%
2.75%
2.24%
1.98%
1.76%
1.44%
1.40%
1.21%
1.10%
1.00%
0.77%
0.56%
0.22%

Percent of seed mix
Perennial
Perennial

80%
20%

Perennial

1 gallon container

Butterfly Iris
Moraea iridioides
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Table 2. Aussie mix establishment and treatment survival rates.
Treatment 1
Nonirrigated
Treatment 2
Establishment
Survival
Irrigated
Survival Rate
Rate
Survival Rate
Plant
(7/19/2009)
(10/30/2009)
(10/30/2009)
Dianella caerulea ‘Cassa Blue’ 6 of 6, 100%
3 of 3, 100%
3 of 3, 100%
Dianella revoluta ‘Baby Bliss’
4 of 6, 67%
2 of 2, 100%
2 of 2, 100%
Dianella revoluta ‘Big Rev’
6 of 6, 100%
3 of 3, 100%
3 of 3, 100%
Dianella revoluta ‘Little Rev’
6 of 6, 100%
3 of 3, 100%
3 of 3, 100%
Dianella tasmanica ‘Tasred’
6 of 6, 100%
3 of 3, 100%
3 of 3, 100%
Lomandra hystrix ‘Tropic Belle’ 5 of 6, 83%
2 of 2, 100%
3 of 3, 100%
Lomandra longifolia ‘Breeze’
3 of 6, 50%
3 of 3, 100%
n/a
Lomandra longifolia ‘Katrinus
5 of 6, 83%
3 of 3, 100%
2 of 2, 100%
Deluxe’

Table 3. Aussie mix plant quality ratings on 10/30/2010.
Overall
Non-irrigated
Dianella caerulea ‘Cassa Blue’
7.8
8.0
Dianella revoluta ‘Baby Bliss’
4.5
7.25
Dianella revoluta ‘Big Rev’
8.2
7.9
Dianella revoluta ‘Little Rev’
8.4
8.3
Dianella tasmanica ‘Tasred’
5.2
5.2
Lomandra hystrix ‘Tropic Belle’
5.2
6.6
Lomandra longifolia ‘Breeze’
3.5
7.0
Lomandra longifolia ‘Katrinus
4.25
5.6
Deluxe’

Landscape

Irrigated
7.6
6.4
8.4
8.6
5.3
6.0
n/a
4.4

316

SNA Research Conference Vol. 56 2011

Table 4. Repeated measures ANOVA comparing quality ratings of Aussie mix, native wildflower
mix, native grass mix plots, and butterfly iris. p=0.05.
Native Grass
Aussie Mix
Butterfly Iris
Wildflower Mix
Mix
N Valid:

24

24

24

24

Mean:

6.938

5.979

3.792

6.250

Std. Dev:

1.651

2.324

1.961

1.726

ANOVA
Source of
Variance

SS

DF

MS

F
14.487

Factor A

133.135

3.000

44.378

Factor S

132.490

23.000

5.760

AxS

211.365

69.000

3.063

Total

476.990

95.000

P

0.000

Eta Squared

0.386

Table 5. Post-Hoc test comparing quality ratings of Aussie mix, wildflower mix, native grass mix,
and butterfly iris treatments. p=0.05.
Mean
PPEta
Post Hoc tests
Comparison
Difference T-Value Unadjusted Bonferroni Squared
Aussie Mix
Aussie and Butterfly

0.958

2.051

0.052

0.311

0.149

Aussie and Wild

3.146

7.239

0.000

0.000

0.686

Aussie and Grass

0.688

1.728

0.097

0.585

0.111

Butterfly
Butterfly and Wild

2.188

3.000

0.006

0.038

0.273

Butterfly and Grass

0.271

0.644

0.526

1.000

0.017

Wild and Grass

2.458

4.839

0.000

0.000

0.494

Wild
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Table 6. Quality ratings of Aussie mix selections.
Tropic
Cassa
Big Rev
Belle
Blue
24
24
24
N Valid:
0
0
0
N Missing:
8.167
5.208
7.792
Mean:
0.702
2.637
1.215
Std. Dev:
ANOVA
Source of
Variance
Factor A
Factor S
AxS
Total

Katrinus
Deluxe
24
0
4.250
2.996

SS

DF

MS

F

631.979
272.479
797.021
1701.479

7.000
23.000
161.000
191.000

90.283
11.847
4.950

18.237

P
Eta
Squared

0.000
0.442

Landscape

Breeze
24
0
3.500
3.659

Tasred
24
0
5.208
1.179

Little
Rev
24
0
8.417
0.584

Baby
Bliss
24
0
4.542
3.671
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Table 7. Post-hoc comparison of Aussie mix selections.
Mean
Difference

T-Value

Big Rev and Tropic Belle

2.958

5.896

0.000

0.000

0.592

Big Rev and Cassa Blue

0.375

1.334

0.195

1.000

0.069

Big Rev and Katrinus Deluxe

3.917

5.992

0.000

0.000

0.599

Comparison

PUnadjusted

PBonferroni

Eta
Squared

Big Rev

Big Rev and Breeze

4.667

5.883

0.000

0.000

0.591

Big Rev and Tasred

2.958

11.756

0.000

0.000

0.852

Big Rev and Little Rev

0.250

2.304

0.031

0.857

0.181

Big Rev and Baby Bliss

3.625

4.649

0.000

0.003

0.474

Tropic Belle and Cassa Blue

2.583

4.315

0.000

0.007

0.437

Tropic Belle and Katrinus Deluxe

0.958

1.475

0.154

1.000

0.083

Tropic Belle and Breeze

1.708

1.692

0.104

1.000

0.107

Tropic Belle and Tasred

0.000

0.000

1.000

1.000

0.000

Tropic Belle and Little Rev

3.208

6.239

0.000

0.000

0.619

Tropic Belle and Baby Bliss

0.667

0.954

0.350

1.000

0.037

Cassa Blue and Katrinus Deluxe

3.542

6.621

0.000

0.000

0.646

Cassa Blue and Breeze

4.292

5.793

0.000

0.000

0.583

Cassa Blue and Tasred

2.583

8.272

0.000

0.000

0.740

Cassa Blue and Little Rev

0.625

2.532

0.019

0.521

0.211

Cassa Blue and Baby Bliss

3.250

3.894

0.001

0.020

0.387

Katrinus Deluxe and Breeze

0.750

1.105

0.281

1.000

0.048

Katrinus Deluxe and Tasred

0.958

1.558

0.133

1.000

0.092

Katrinus Deluxe and Little Rev

4.167

6.734

0.000

0.000

0.654

Katrinus Deluxe and Baby Bliss

0.292

0.461

0.649

1.000

0.009

Breeze and Tasred

1.708

2.206

0.038

1.000

0.169

Breeze and Little Rev

4.917

6.341

0.000

0.000

0.626

Breeze and Baby Bliss

1.042

1.072

0.295

1.000

0.046

Tasred and Little Rev

3.208

13.772

0.000

0.000

0.888

Tasred and Baby Bliss

0.667

0.924

0.365

1.000

0.034

Little Rev and Baby Bliss

3.875

5.069

0.000

0.001

0.517

Tropic
Belle

Cassa
Blue

Katrinus
Deluxe

Breeze

Tasred

Little Rev

Landscape

319

SNA Research Conference Vol. 56 2011

Chart 1. Average quality ratings of the Aussie mix, butterfly iris, wildflower mix, and native grass
mix.
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Chart 2. Average quality ratings of Ozbreed selections.
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Fertilizer Regimes during Production Affect Coleus Growth and
Quality in the Landscape
Yan Chen, Allen Owings, Regina Bracy
LSU AgCenter Hammond Research Station
21549 Old Covington Highway, Hammond LA 70403
yachen@agcenter.lsu.edu
Index Words: nitrogen, phosphorus, irrigation frequency, Solenostemon scutellarioides
Significance to Industry: Coleus plants are used in landscape plantings for foliage
colors and early flowering is unfavorable. This study evaluated the effects of fertilization
rates during production on landscape growth and flowering of coleus. Coleus cultivars
‘Trusty Rusty’ and ‘Redhead’ were grown under 3 N (70, 140, and 280 mg·l-1) x 2 P (6
or 37 mg·l-1) x 2 fertigation frequencies (20% or 40% container capacity loss) for 8
weeks and then transplanted into landscape plots and maintained under the same
fertilizer and irrigation practices. These production treatment levels were chosen
because they produce similar quality plants as indicated in previous experiments (data
not presented). Plants were evaluated for growth and quality over 22 weeks posttransplant (WPT). At 16 WPT, plants fertilized with 280 mg·l-1 N during production were
larger with better foliage color but less compact than plants that received 70 or 140 mg·l1
N during production. High N rate also resulted in earlier flowering in ‘Trusty Rusty’ than
lower N rates. Phosphorus rates during production had no effect on post-transplant
growth and quality of both cultivars. Plants fertigated less frequently during production
(40% container capacity loss) were larger than those that were fertigated more
frequently throughout the landscape evaluation period. Foliage color and compactness
of the plants were similar between the two fertigation frequencies. Based on these
results, coleus should be produced with a moderate N rate to avoid early flowering in
the landscape. Production P rate can be reduced to 6 mg·l-1 without affecting landscape
growth and quality of coleus.
Nature of Work: Coleus cultivars are being selected and used in the landscape for their
colorful variegated leaves. Because the switch from vegetative growth to flowering may
affect foliage growth and overall visual quality, coleus cultivars that flower early during
landscape establishment are less favorable. As a result, some cultivars released in
recent years have been selected for both foliage color and late flowering. On the other
hand, production regimes such as fertilization (1, 2) and irrigation (3, 4) may affect post
transplant performance of ornamentals. Nitrogen and P have also been reported to
impact flower earliness and longevity (5). Therefore, the objective of this study was to
evaluate how production regimes may affect growth, quality, and flowering of coleus
after being transplanted into landscape beds. Cultivars ‘Trusty Rusty’ and ‘Redhead’,
which flower later than most other cultivars, were selected for this study.
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Forty-eight rooted cuttings of each cultivar were potted into 5.5 inch azalea pots on 17
Mar. 2010 and grown for 8 weeks in a greenhouse. Plants were divided into two groups,
each fertigated at either 20% ± 5% or 40% ± 5% container capacity loss. When weights
of representative pots dropped within the range of container capacity for the assigned
fertigation frequency, plants were hand-fertigated with one of the six fertilizer solutions
with four pots per solution. Leaching fraction was kept between 10% to 15%. The nutrient
solutions were combinations of N at 70, 140, or 280 mg·l-1 with P at 6 or 37 mg·l-1.
Potassium, Ca, Mg, and other nutrients were kept constant across nutrient solutions.
Plants were grown for 8 weeks and transplanted into 4 raised landscape plots (10 feet
wide x 30 feet long) on May 12, 2010. Raised plots were made by adding and tilling
garden soil mix (Nature’s Best, Baton Rouge, LA) into the top 8-inch of native soil. Each
plot consisted of 24 plants that consisted of one replication of the 2 cultivars x 2
fertigation frequencies x 3 N x 2 P factorial treatment structure. These plants were
randomly arranged within a plot. A 6-inch layer of pine straw was added after planting as
mulch. Plots were broadcasted with Osmocote 14-14-14 (8 to 9 months southern) at 2 lb
N/1000 ft2. Overhead irrigation was scheduled to deliver half-inch water every other day
for the first 2 weeks and then twice per week thereafter. Irrigation was postponed by halfinch rainfall events. Plants were measured at planting and 8, 12, and 16 weeks post
transplant (WPT) for plant size (height x the widest-width x the width perpendicular to the
widest-width). The Increased Size was the difference between plant size measured at the
sample dates and the initial transplant size. Plants were rated for foliage color intensity (1
to 5) and compactness (1 to 5) at 16 WPT. Plants with vivid leaf color and compact shape
were rated higher than plants with dull foliage color and stretched appearance. Number
of inflorescence were recorded when first inflorescence appeared on ‘Trusty Rusty’ and
then at the study termination (22 WPT). The length of the first inflorescence appearing on
each plant was also measured weekly from 13 to 17 WPT.
Results and discussion:
No interactions between N and other treatment factors were found. N affected plant
growth and quality regardless of P rate and fertigation frequency. At 16 WPT, plants
fertigated with 280 mg·l-1 N during production were larger with higher foliage color
ratings but were less compact than plants receiving 70 or 140 mg·l-1 N (Table 1). The
high N rate also resulted in earlier flowering in ‘Trusty Rusty’ than lower rates as
indicated by longer first-inflorescence (Table 2) and more inflorescence overtime (Table
3). Interactions between P and fertigation frequency were significant for plant size at 12
WPT without significant trend (Table 1). Overall, P had no effect on post-transplant
growth and quality (Table 1). P at the low rate resulted in marginally significant early
flowering as indicated by number of flowers at the first week when flowers were
observed (Table 3). As a result, plants fertilized with 280 mg·l-1 N and 6 mg·l-1 P at 40%
container capacity loss flowered two weeks earlier than plants fertilized with 140 mg·l-1
N with 20% fertigation frequency (data not shown). Based on these results, coleus
should be produced with a moderate N rate at 140 mg·l-1 to avoid early flowering in the
landscape. P rate during production can be as low as 6 mg·l-1 without affecting plant
growth and quality in the landscape. Plants fertigated less frequently (40% container
capacity loss) during production were larger than plants fertigated more frequently
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throughout the landscape evaluation (Table 1) with more inflorescences in ‘Trusty
Rusty’ (Table 2). Because roots were not sampled in this study, it was difficult to explain
why coleus grown with less total amount of water and fertilizer were larger in size after
growing 8 weeks in the landscape. Further research is needed to investigate this effect.
1. Cabrera, R.I. and D.R. Devereaux. 1999. Crape myrtle post-transplant growth as
affected by nitrogen nutrition during nursery production. J. Amer. Soc. Hort. Sci.
124(1):94-98.
2. Iersel, M.W. van, R.B. Beverly, P.A. Thomas, J.G. Latimer, and H.A. Mills. 1999.
Nitrogen, phosphorus, and potassium effects on pre- and post-transplant growth of
salvia and vinca seedlings. J. Plant Nutrition 22:1403-1413.
3. Gilman, E.F., R.J. Black, and B. Dehgan. 1998. Irrigation volume and frequency and
tree size affect establishment rate. J. of Arboriculture 24:1-9.
4. Bates, R.M. and A.X. Niemiera. 1994. Mist irrigation reduces post-transplant
desiccation of bare-root trees. J. of Environ. Hort. 12:1-3.
5. Druege, U. 2001. Postharvest responses of different ornamental products to
preharvest nitrogen supply: role of carbohydrates, photosynthesis and plant hormones.
Acta Horticulturae 543:97-102.
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Table 1: Increase in plant size of two coleus cultivars ‘Trusty Rusty’ and ‘Redhead’ at 8,
12, and 16 weeks compared to the plant size at transplant (0 WAT), and foliage quality
(color and density) at 16 WAT . Plants were treated with 3N x 2P x 2 Irrigation
frequency during the 8-week of production period and kept under the same
maintenance practices after transplant.
Treatment
8 WPT

Increased Size
(103 cm3)
12 WPT

16 WPT

p-values z
Cultivar
N
P
Fertigation Frequency

Quality Rating
(16 WPT)
Foliage Compactness
Color
(1-5)
(1-5)

0.0003
<0.0001
0.5532
0.0010

<0.0001
<0.0001
0.9265
<0.0001

0.0088
<0.0001
0.7137
<0.0001

0.3228
<0.0001
0.6163
0.1428

0.5671
<0.0001
0.1690
0.3111

Cultivar
‘Trusty Rusty’
‘Redhead’
LSD0.05

123.2 by
161.6 a
21.2

353.5 b
486.0 a
51.8

470.6 b
566.5 a
70.5

3.7
3.5
NS

3.5
3.4
NS

93.3 b
113.3 b
223.2 a
25.9

343.2 b
352.5 b
566.8 a
63.5

437.1 b
409.0 b
726.9 a
86.4

3.4 b
3.4 b
4.0 a
0.2

3.9 a
3.1 b
3.3 b
0.3

N
70 ppm
140 ppm
280 ppm
LSD0.05

Fertigation
Frequency
20%
121.3 b
355.7 b
429.5 b
3.5
3.4
40%
162.4 a
480.1 a
602.7 a
3.7
3.5
LSD0.05
21.2
51.8
70.5
NS
NS
z
Significance at p < 0.05. Interactions between treatment factors were not significant for
most variables except Increased Size at 8 WPT in P x FF.
y
Means with the same letters were not significantly different. NS = no significant
difference was found among treatments.
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Table 2. Length of the first inflorescence observed on the plants from 13 to 17 WPT.
Treatment

Length of the first
inflorescence
(cm)
13 WPT 15 WPT 17 WPT

p-values z
N
P
Fertigation Frequency

0.0005
0.2162
0.1477

0.0003
0.0262
0.1216

0.0004
0.2801
0.0572

70 ppm
140 ppm
280 ppm
LSD0.05

0.1 b
0b
1.3 a
0.6

4.4 b
5.2 b
18.7 a
6.7

11.0 b
13.9 b
29.8 a
2.1

6 ppm
37 ppm
LSD0.05

0.6
0.3
NS

12.6 a
6.3 b
5.5

20.2
16.3
NS

N

P

Fertigation
Frequency
20%
0.3
7.3
14.6
40%
0.6
11.6
21.9
NS
NS
NS
LSD0.05
z
Significance at p < 0.05. Interactions between treatment factors were not significant.
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Table 3. Total number of inflorescence per plant when the first inflorescence was
observed (13 WAT) and at experiment termination (22 WAT).
Treatment
p-values z
N
P
Fertigation
Frequency

Number of
inflorescence
13 WAT
22 WAT
0.0001
0.0353
0.2743

<0.0001
0.1057
0.0019

70 ppm
140 ppm
280 ppm
LSD0.05

0.08 by
0b
0.58 a
0.25

4.5 b
5.3 b
15.0 a
2.8

6 ppm
37 ppm
LSD0.05

0.3 a
0.1 b
0.2

9.2
7.4
NS

N

P

Irrigation
Frequency
20%
0.2
6.4
40%
0.3
10.2
LSD0.05
NS
2.3
z
Significance at p < 0.05. Interactions between treatment factors were not significant
except Number of Inflorescence at 16 WPT in P x IF.
y
Means with the same letters were not significantly different. NS = no significant
difference was found among treatments.
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Market Demand for Smilax smalli? A Survey of Design Use in the South
Brad E. Davis, RLA
University of Georgia, College of Environment and Design
609 Caldwell Hall, Athens, GA 30602
bdavis@uga.edu
Index Words: native plants, design, evergreen vine, drought tolerance, landscape
preference
Significance to Industry: The landscape architecture and design professions and the
Green Industry have been changing significantly over the past two decades. Consumer
interest and appreciation for native plants and the native landscape have been on the
increase; partially fueled by water shortages and the need for lower maintenance
landscapes, but also through education of the public on other benefits of natives such
as increased attraction and support of indigenous pollinators and local food systems,
and a growing appreciation of the aesthetics of a regionally identifiable landscape as
supposed to one that is more artificial and demanding greater inputs.
This paper highlights a rather unique landscape conundrum as Smilax smalli is virtually
non-existent in the growing industry, yet one can find it intentionally used in diverse
landscape designs across the South. Is this a plant worth reconsidering by the Green
Industry? Will the Green Industry find ways to embrace ‘slower’ plant material in the
coming years in tandem with the public’s increased desire for ‘slow’ or more locally
grown food?(1). The current and historic uses of Smilax smalli present an excellent
case study and make a strong argument for the introduction of this plant into the
mainstream. Smilax s. is a drought tolerant, long lived, disease free, native evergreen
vine with attractive foliage and an extremely workable architecture. The beauty of the
vine has been noted from the early naturalists such as John Lawson (2) to present day
writers such as James Cothran (3) and Steve Bender (4). Many have scoffed at the idea
of using Smilax for anything other than kindling (many also confuse it with the other less
desirable species,) but the design examples, Figures 1-8, speak for themselves.
Nature of Work: This study involves a targeted survey of communities and
neighborhoods identified through the experience and travel of the author as well as by
recommendation of gardeners and other plant enthusiasts who could recall memorable
landscapes where Smilax smalli was observed as a landscape design element. Five
communities and specific neighborhoods therein were identified including the
Westmorland and Sequoia Hills neighborhoods of Knoxville, TN; older neighborhoods of
Athens and Cleveland, TN; the Twickenham historic district in Huntsville, AL; and the
Mountain Brook neighborhood in Birmingham, AL. In traveling the South other notable
demonstrations of Smilax as a deliberate landscape act were observed by the author
such as at Southern Progress corporate headquarters in Birmingham, AL and in the
conservatory at Longwood Gardens in Kennett Square, PA. In each of the
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neighborhoods the author walked the streets, photographed and recorded use of Smilax
on a map. Whenever possible homeowners were interviewed to discuss their use of
Smilax and where they acquired the vine. This study also includes interviews with a
wide range of professionals from landscape architects and contractors, garden
historians, nursery owners and growers, in addition to the homeowners who grow the
vine as an ornamental. While this study is small and not a statistically significant
representation of the greater population, it is a considerable amount of evidence
supporting the idea that there may be an untapped market warranting effort towards the
introduction of Smilax smalli into the larger Green Industry.
Smilax smalli has been observed by the author for many years as a landscape design
plant as well as an important cut branch in the floral industry. S. smalli has long been
used in the South for holiday and wedding decoration. One of the common names,
Jackson Vine, is reported to have come from its use as table decoration for Stonewall
Jackson during the Civil War (3). In the early part of the twentieth century a booming
cut greenery industry existed in the South with orders for S. smalli being sent to large
floral markets such as the famous wholesale floral district in New York City, NY. (5) In
addition to its ornamental qualities, Smilax has historically been used as a food source
by native peoples. The tuber may be dug and cooked much like a potato and the new
spring growth may be cut and prepared like Asparagus. Today in the coastal south
Smilax is often referred to as Chainey Briar and the spring growth is a favorite culinary
treat with many recipe books including directions for its preparation(6).
Today Smilax s. may be purchased by mail order from Woodlanders Nursery (7) in
Aiken, SC as a 4” container plant. An online search will occasionally produce an
independent seller offering the tubers. Cut branches may be purchased mail order from
EastTexassmilax.com (8).These are the only sources known to this author apart from
collection in the wild.
Results and Discussion: The survey of design use in the five identified
neighborhoods reveals a high preference for Smilax s. as a vine for the designed
landscape. In the Twickenham Historic District in Huntsville, AL certain streets, such as
Eustis and Randolph streets, exhibit high conformity in that literally nearly every house
on the street prominently displays Smilax s. as the vine trained along the porch,
wrapping columns, swaging the balustrade or the fence, shading the carport, or a
myriad of other uses. When residents were asked how they obtained the vine, most
report it as a “passalong” plant that has been shared by family and friends. The
repeated use of the plant is remarkable and functions as a strong identifier of place and
as an act of community making and belonging (9).
Occasionally residents report that the vine was installed by a landscape contractor. A
landscape contractor in Birmingham, AL reports that they occasionally dig the vine from
the wild for use in installations, but also keep a stockpile of the tubers on their nursery
lot. Several highly successful landscape architects in the South regularly specify the
vine on their garden design plans, such as Ben Page in Nashville, TN, Steven W.
Hackney in Knoxville, TN, and Alec Michaelides in Atlanta, GA. In spite of their
preference for the vine all report that problems are often encountered in landscape
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installations where either homeowners are too impatient to allow Smilax to mature and
thus request a different vine, or landscape maintenance contractors unwittingly remove
the vine thinking it is weed. These problems could easily be alleviated if larger
containerized and trellised material was available for installation, similar to Clematis
armandii, rather than having to rely on division of the tubers which causes a significant
delay in the production of attractive foliage. A nursery owner in the Mountain Brook
neighborhood of Birmingham, AL reports that they often received requests for Smilax
but would not consider offering it for sale as this would compete with their landscape
contractor clientele who typically dig the vine from the wild and charge large fees for
installation.
It is apparent from this survey that when people are exposed to successful design
applications of Smilax s. that there is strong preference for it as evidenced by
neighborhood pockets where the vine has become a visually dominant landscape plant.
Other factors influencing preference include familiarity as a traditional passalong plant
and a means of remembering family and friends as well as culinary tradition. As native
plants and landscapes continue to increase in demand, the Green Industry may need to
re-evaluate plants such as Smilax s. and other natives that have been passed over in
the past but may possess greater landscape longevity in terms of drought and disease
tolerance, non-invasive growth habits, and considerable aesthetic and cultural value.
Literature Cited:
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Growing Cities,
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New Voyage to
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Phone Interview with the owner of Mountain Brook Flower Shop, Birmingham,
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Taylor, John Martin. Hoppin’ John’s Lowcountry Cooking: Recipes and
Ruminations from Charleston and the Carolina Coastal Plain. New York, NY,
Houghton Mifflin Company. 2000.
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www.easttexassmilax.com accessed November 1, 2010.
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Thayer, Robert. The experience of sustainable landscapes. Landscape Journal,
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Number and type of Design Applications Observed*
Street
Residential Commercial Public
Eustis
15
Holmes
1
White
6
Circle
Wells
7
Tollgate
1
Randolph 30
Franklin
4
Humes
4
Stevens
1
7 (arbors
leading to
entrance)
1
(Conservatory)

Longwoo
d
Gardens,
Kennett

Southern
Progress
Corporat
e

Huntsville, AL
Twickenham Historic
District

Table 1. Smilax smalli Observations in Huntsville, Alabama and the
Southeast.

* Similar results of residential surveys are available from the author for neighborhoods
in Knoxville, Cleveland, and Athens, Tennessee; as well as Birmingham, Alabama.
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Figure 1. Smilax smalli beginning to be trained on a series of arbors leading into
Southern Progress Corporate headquarters in Birmingham, Alabama. Photo by the
author.

Figure 2. Smilax smalli trained over the doorway in Mountain Brook Park, a townhouse
development in Birmingham, Alabama. Nearly every Townhouse in this neighborhood
had Smilax trained this way. Photo by the author.

Landscape

332

SNA Research Conference Vol. 56 2011

Figure 3. One of the more graceful yet typical residential applications of Smilax smalli in
Mountain Brook neighborhood, Birmingham, Alabama. Photo by the author.

Figure 4. A residential application of Smilax smalli in Twickenham Historic District,
Huntsville, Alabama. Photo by the author.
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Figure 5. Smilax smalli is commonly swaged along porches as on this house in the
Twickenham Historic District, Huntsville, Alabama. Photo by the author.

Figure 6. Smilax smalli used to grace a less imposing house in Huntsville, Alabama.
Photo by the author.
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Figure 7. Smilax smalli swags add elegance and grace to this otherwise simple colonial
home in Sequoia Hills, Knoxville, Tennessee. Photo by the author.

Figure 8. Smilax smalli graces a set of windows in the Conservatory at world famous
Longwood Gardens in Kennett Square, Pennsylvania. Photo by the author.
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Does Potting Depth of Container Grown Maples Affect Landscape Performance?
Donna C. Fare
US National Arboretum
Otis L. Floyd Nursery Research Center
472 Cadillac Lane
McMinnville, TN 37110
Index words: Acer rubrum L. ‘October Glory’, red maple, root flare, tree liners, girdling
roots
Significance to the Industry : From this test, it is inconclusive that potting depth of
October Glory maple affected the landscape performance during the first 5 years after
transplanting. Height growth during the production phase and the landscape phase was
similar among potting depths. Some variability was observed with trunk caliper growth;
however, plants grown with the root flare at the correct depth as well as plants grown
with root system 6 inches too deep were similar. Shoot dry weight was similar among
all potting depth treatments. One concern is the quality of root system that developed
during the 5 years in the landscape. All trees had at least one girdling root and several
trees had other roots that were beginning to impact the girth of the trunk. It is suspected
that these root problems developed from a lack of root remediation at the end of the
production phase rather than the impact from the potting depth treatments.
Nature of the Work: Planting depth of ornamental trees has become a point of
discussion among arborists, growers and landscapers. Some arborists have raised
concerns about an increased number of landscape trees in which the root system was
potted too deeply in the growing container or buried in the soil of a balled and burlapped
root system, and speculate that this may be the reason for poor landscape performance
(1). Often trees are potted deep in the container to prevent wind-throw due to the
oversize tree liner and the low bulk density of the container substrate. Concern exists
that excessive potting depth predisposes plants to reduced growth and promotes poor
quality root systems with circling and potentially girdling roots. In this test, roots had
completely filled the container after 18 months regardless of potting depth. In another
test, potting depth in containers only affected growth with 1 out of 5 species tested (3).
Gilman et al. (6) found reduced top growth with 2 of 3 cultivars when the root system
was potted at various depths in containers, though the difference was minimal. After
assessing container grown trees, Gilman and Kane (5) predicted root deformation
(kinked or girdled) within the container may not have a long-term effect on growth of red
maple in the landscape, since the majority of roots generally grew down and in a
circular manner in the container. This study was initiated to evaluate landscape
performance of maples 5 years after trees had been subjected to four potting depths
during the container production cycle.
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On 17 March 2005, 4-5 ft (122-152 cm) bare root Acer rubrum L. ‘October Glory’ liners
were potted in #15 nursery containers with pine bark substrate amended with 9.0 lb (5.3
kg) of 19-5-9 (19N-2.2P-7.5K) Osmocote Pro controlled-release fertilizer (The Scotts
Co., Marysville, OH) and 1.5 lb (0.9 kg) of Micromax (The Scotts Co., Marysville, OH)
per yard3 (per m3). Kinked or crossover roots were removed to ensure a quality root
system prior to potting. The root flare was identified on each tree and a mark painted
on the trunk that indicated 0, 2, 4 or 6 inches (0, 5.1, 10.2, or 15.2 cm) above the root
flare. The liners were then potted with the root flare 0, 2, 4, 6 inches below the substrate
surface. Trees were grown for one year in a pot-in-pot system with micro irrigation in a
CRD. On 10 April 2006, plants were removed from the pot-in-pot system and the root
system was scored with one inch deep slits from top to bottom six times equidistance
around the perimeter on eight replications per treatment. Trees were transplanted in a
field plot with Waynesboro silt loam soil at the TSU Nursery Research Center in
McMinnville, Tenn with the surface of the root ball level with the field soil so that potting
depth treatments were retained A CRD design with a 15 x 15 ft (4.6 x 4.6 m) off-set
grid planting pattern was used to simulate a landscape setting. Plants were fertilized
and mulched at planting and each spring during the test. Plant maintenance, i.e.
irrigation, nutrition and weed control, followed traditional landscape guidelines. Data
collected included annual height and caliper growth measured 6 inches (15.2 cm) above
the soil surface. In August 2010, trees were harvested by cutting the trunk at the soil
line then dried at 56C to determine biomass. The root systems were removed from the
soil using an air knife and roots within a 30 cm (12 inch) radius of the trunk were
evaluated for circling or girdling potential. The area between the root flare and the point
on the trunk at soil level was checked for adventitious roots. All data were subjected to
analysis of variance with the GLM procedure of SAS (SAS for Windows Version 9.1,
SAS Institute, Cary, NC) and differences among treatments were separated by a
Fisher’s least significant difference, P<0.05.
Results and Discussion At the end of the one year production phase in the pot-in-pot
system (April 2006) plants had similar height and caliper growth regardless of potting
depth treatments (Table 1). The root system of a subset of each potting depth was
rated for the quality and root balls on all treatments had completely encompassed the
container capacity. After each growing season (2006-2010) in the landscape setting,
height measurements showed similar growth among potting depth treatments (Table 1).
Trunk diameter measurements were similar after the first year in the landscape setting
(Dec 06). In Oct 07 after 2 years in the landscape, the plants that were originally potted
6 inches above the root flare had less trunk caliper than plants that were potted 2 and 4
inches above the root flare, but had similar caliper growth to plants that were potted
where the root flare was at the substrate surface. By the fall of 2009, plants with root
flares 2 inches below the surface had the greatest trunk caliper, but were similar to trees
planted at 0 and 6 inches below the surface. Maples planted with the root flare 4 inches
below grade had the least trunk caliper but were similar to plants planted at 0 and 6
inches below the surface. This trend continued until harvest in August 2010. Bryan et
al. (2), reported landscape performance of Chinese elm had reduced height but similar
trunk growth of elms that had been grown in a container production system where the
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plants were potted 2 inches (5 cm) below the root collar then shifted into larger
containers and potted another 2 inches (5 cm) below the root collar.
The visual observations made during the experiment (leaf out, fall color) revealed no
signs of stress or indications that plants were suffering from potting depth treatments
(data not shown). After 5 years in the landscape setting, shoot biomass was similar
regardless of original potting depth of plants. However, the plants that had root flares 4
inches below grade with the smallest trunk diameter also had the least amount of shoot
dry weight (Table 1).
There were no adventitious roots present on the trunks of the maples between the root
flare and the potting depth mark on the trunks in the test. This is in contrast to a report
by Gilman and Harchick (4) whereby Cathedral live oak developed adventitious roots on
the trunk portion of trees planted deep in the soil. However, in this test, there was at
least one girdling root on every tree regardless of potting depth (Figure 1). Some trees
had up to 3 girdling roots, but each treatment averaged 2 girdling roots per tree. Within
the 12-inch radius of the root system, the 0, 2, 4, and 6 inch potting depth had 2.7, 2.7,
2.5, and 3, respectively, roots circling around the main structural roots. The circling and
girdling roots may not be a result of potting depth, but a result of the roots being
confined during the period of time in the container production phase. The root balls
were scored 6 times equidistance around the perimeter and each score was about one
inch deep at transplanting; however, this only addressed roots on the perimeter of the
root ball. A more aggressive root remediation at transplanting may be necessary to
prevent circling and girdling roots. Potting depth can impair plant growth and quality with
some species (2, 3, 4, 5) during container production so prudent potting guidelines
should be followed.
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Table 1. Height, caliper and shoot dry weight of October Glory red maple harvested 5 years after transplanting from
a #15 nursery container with the root flare at 0, 2, 4, or 6 inches below substrate surface.

Depth of root flare below
substrate surface,
inches (cm)
0
2 ( 5.1 cm)
4 (10.2 cm)
6 (15.2 cm)
LSD

0
2 ( 5.1 cm)
4 (10.2 cm)
6 (15.2 cm)
LSD
Z

Apr 06Z
300
285
298
289
47

2.6
2.7
2.6
2.6
0.3

aY
a
a
a

A
A
A
A

Dec 06
305
289
298
310
39

4.1
4.1
4.1
3.9
0.3

a
a
a
a

A
A
A
A

Oct 07
Nov 08
Height, cm
325
319
318
329
31

5.3
5.4
5.4
4.9
0.5

a
a
a
a

386
386
376
384
33

Caliper, cmX
AB
6.4
A
6.7
A
6.1
B
6.0
0.6

Dec 09

Aug 10

a
a
a
a

411
420
395
405
36

a
a
a
a

462
477
428
450
78

a
a
a
a

AB
A
B
B

8.0
8.5
7.1
8.0
0.9

AB
A
B
AB

8.3
8.8
7.5
8.3
0.9

AB
A
B
AB

Shoot
dry wt, g
Aug 10
7305
7524
5682
6428
519

a
a
a
a

Height and caliper of plants immediately after transplanting into field plot.

Y

Means with different letters within a column and growth heading are significantly different separated by least
significant difference test (α=0.05).

X

Trunk diameter measured at 6 inches (15.2 cm) above container substrate surface.

Landscape

339

SNA Research Conference Vol. 56 2011

Figure 1. Girdling roots on October Glory red maple harvested 5 years after
transplanting from a #15 nursery container with the root flare at 0 (A), 2 (B), 4 (C), or 6
(D) inches below substrate surface.
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Effect of Repeated Short Interval Flooding on Growth of Four Native Shrub Taxa
Kaye Jernigan and Amy Wright
Department of Horticulture, 101 Funchess Hall, Auburn University, AL 36849
Index Words: Water, Rain garden, Fothergilla ×intermedia L. ‘Mount Airy’, Ilex
verticillata ‘Winter Red’, Clethra alnifolia ‘Ruby Spice’, Viburnum nudum Brandywine™
Significance to Industry: Plants in rain gardens must be able to tolerate repeated
short intervals of flooding. Research was conducted to screen five native landscape
shrub taxa for tolerance to repeated flooding events: Fothergilla ×intermedia ‘Mt. Airy’
(dwarf witchalder), Ilex verticillata ‘Winter Red’ (winterberry), Clethra alnifolia ‘Ruby
Spice’ (summersweet), and Viburnum nudum Brandywine™ (possumhaw). Overall, in
two runs, all taxa, with the exception of F. ×intermedia ‘Mt. Airy’, maintained good visual
quality, did not have any reduction in RDW, and exhibited minimal effects of flooding on
shoot growth. F. ×intermedia ‘Mt. Airy’ exhibited poor visual quality, with growth
adversely affected by flooding, suggesting this taxon would not be a good choice for
rain garden use. Conversely, all other taxa appeared tolerant of flooding and would be
appropriate native shrub selections for rain gardens.
Nature of work: Rain gardens, are natural or dug shallow depressions designed to
capture and absorb stormwater runoff from a roof, lawn, or other impervious surface
such as a driveway, walkway, and even compacted turf (1, 5). Benefits of rain gardens
and other bioretention areas include decreased surface runoff, increased groundwater
recharge, and reduction of pollutants (2, 3). The nature of hydrology in rain gardens
requires that plants selected for use in rain gardens be able to tolerate alternating
periods of flooding and drying. Previous studies completed at Auburn University by
Werneth (5) suggested a need for continued research to identify native plants with
tolerance to repeated flooding for use in rain gardens. Therefore, the objective of this
research was to determine the effect of repeated, short-term flooding events on growth
of five native landscape shrubs taxa.
Materials and Methods: Run 1. On 13 Aug. 2009, 30 each 3.8 L (1 gal) Fothergilla
×intermedia ‘Mount Airy’, Ilex verticillata ‘Winter Red’, Clethra alnifolia ‘Ruby Spice’,
and Viburnum nudum Brandywine™, were potted into 11.3 L (3 gal) containers in 5:3:1
(by volume) pine bark : peat : perlite. Substrate was amended with 2 lbs·yd-3 dolomitic
limestone, 1.5 lbs·yd-3 micronutrient fertilizer (Micromax™ Scott’s Company, Marysville,
OH), and 13.8 lbs·yd-3 controlled release fertilizer (CRF) (Polyon™ 18N-2.6P-9.96K,
Agrium Advanced Technologies, Sylacauga, AL). Containers were placed on raised
greenhouse benches at the Paterson Horticulture Greenhouse Complex, Auburn
University, AL. Flooding treatments were initiated on 28 Aug. 2009 [15 days after
planting (DAP)]. Plants were flooded using a pot-in-pot method. The pot containing the
plant had holes in the bottom to allow for drainage and was placed inside an outer pot
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without holes. Tap water was added by hand to each container until the water level was
even with the substrate surface; additional water was added to the container as needed
to keep the water level even with the substrate surface. Approximately 1 gal was added
initially in order to flood plants, and approximately 0.1 gal was added daily to maintain
the flood level. Plants were flooded for 0 (non-flooded), 3, or 6 days. Following
flooding, outer containers were removed and plants were allowed to drain for 6 days.
No additional water was added to the containers during the 6 days of draining. Initial
and final growth indices (GI) [(height + widest width + width perpendicular to widest
width) / 3] were taken on 17 Aug and 15 Oct 2009, respectively. At termination, shoots
were severed at the substrate level, and roots were washed to remove substrate.
Shoots and roots were dried separately in an oven for 48 hours at 66°C (150°F) for
determination of shoot dry weight (SDW) and root dry weight (RDW).
Run 2. The above experiment was repeated with all four taxa planted as described
above beginning on 7 Oct. 2009 with supplemental lighting from 400 watt high pressure
sodium lamps set on a 14 hr photoperiod (6:00 AM to 8:00 PM CST). Flooding
treatments were initiated on 26 Oct. 2009 (19 DAP) and terminated on 9 Dec. 2009 (64
DAP) for plants flooded for 3 days and on 12 Dec. 2009 (67 DAP) for non-flooded plants
and plants flooded for 6 days. All plants were harvested on 14 Dec. 2009 (69 DAP).
Initial and final GIs were recorded on 22 Oct. 2009 and at harvest, respectively, and
SDW and RDW determined as described above. In both runs, plants were arranged in
a completely randomized design with each taxa representing a separate experiment.
Data were analyzed using glimmix and mixed models procedures with least square
means (P<0.05) (SAS Institute, Cary, NC). Data were analyzed to determine the effect
of flooding length on GI, RDW, and SDW. Data are presented only where significant.
Results and Discussion: Fothergilla ×intermedia ‘Mount Airy’. In run 1, GI decreased
with increasing flood length, and SDW and RDW were higher in plants flooded for 0 or 3
days than in plants flooded for 6 days (Table 1). In run 2, GI of plants flooded for 0 days
was higher than that of plants flooded for 6 days (Table 2). Flooding length did not
affect SDW, and RDW was lowest in plants flooded for 6 days in run 2. Fothergilla
×intermedia ‘Mt. Airy’ had poor visual quality, with growth adversely affected by flooding
in both runs. Thus, this taxon would not appear to be a good choice for use in rain
gardens. However, even under flooded conditions, F.×intermedia ‘Mt. Airy’ was still
able to produce flowers on some plants, and no plants died.
Ilex verticillata ‘Winter Red’. Flooding length did not affect GI, SDW, or RDW in run 1 or
GI or RDW in run 2. Shoot dry weight was lower in plants flooded 0 or 3 days than in
plants flooded for 6 days in run 2 (Table 2). Visual appearance of I. verticillata ‘Winter
Red’ was fair. The plants did not produce growth that was as full or dense as in other
taxa, but this could be contributed to the slow growth rate and the overall growth habit of
this cultivar. Although not compared statistically, Ilex verticillata ‘Winter Red’ seemed to
have one of the slower growth rates of the taxa in the experiment. In spite of this, the
plants produced new shoots, and all plants were relatively the same size, regardless of
treatment, suggesting that flooding did not affect the growth rate. Plants appeared
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generally healthy and over time, possibly with additional acclimation, might be able to
develop into a larger, denser plant.
Clethra alnifolia ‘Ruby Spice’. Flooding length did not affect SDW or RDW in run 1 or
GI, SDW, or RDW in run 2. GI was higher in plants flooded for 0 or 3 days than in
plants flooded for 6 days in run 1 (Table 1). Clethra alnifolia ‘Ruby Spice’ seemed to
thrive under flooded conditions in this experiment. The plants had dense canopies and
prominent upright growth habit and had started to colonize in the container by sending
up new suckers. This result is different from results by Werneth (2010) who found that
C. alnifolia ‘Ruby Spice’ did not tolerate flooding. The difference may be that in the
current work, plants were grown in 3 gal containers, while in the previous work, plants
were grown in trade gallon containers. It’s possible that bigger larger root system on
older, more established plants made the larger plants more tolerant of flooding. No
flowers were seen on the plants during flooding. Plants were susceptible to broad mites
and aphids, but after pesticide application no other problems occurred.
Viburnum nudum Brandywine™. Flooding length did not affect GI, RDW or SDW in run
1or SDW or RDW in run 2. In run 2, GI of plants increased with increasing flood length;
plants flooded for 6 days had a higher GI than plants flooded for 0 days (Table 2).
Viburnum nudum Brandywine™ produced plants with good visual quality and dark
green foliage. Plants consistently produce new shoots throughout the runs, and growth
did not appear stunted by flooding.
With the exception of F. ×intermedia ‘Mt. Airy’, taxa maintained good visual quality, had
no reduction in root dry weight, and exhibited minimal effects on shoot growth
regardless of flooding length. As a result, these taxa appear to be appropriate
selections for rain garden use. It should be noted that in run 2, the growth index of V.
nudum Brandywine™ actually increased with flooding, suggesting that this taxa may
even thrive under flooded conditions. Although flooded conditions in this experiment
were of longer duration than may typically be expected for a rain garden, all plants
survived, and in fact, several taxa thrived in these conditions. Rain gardens typically
remain inundated for no longer than 48 h but can hold water for up to 72 to 96 h (1). It
appears as if plants that tend to have faster rates of root and shoot growth may be best
equipped to tolerate the fluctuating hydrology of a rain garden and in particular short
periods of inundation. This work, as well as past research (4), has demonstrated that
several deciduous shrubs native to the southeastern United States provide flood
tolerant, attractive options for use in rain gardens in the Southeast.
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Table 1. Main effect of flooding length (days) on growth index (GI), shoot dry weight
(SDW), and root dry weight (RDW) of Fothergilla ×intermedia ‘Mt. Airy’, Clethra alnifolia
‘Ruby Spice’, and Callicarpa dichotoma ‘Early Amethyst’ grown in a greenhouse, Aug.
to Oct. 2009.
Flooding
F. ×intermedia
C. alnifolia
C.
Length
dichotoma
(days)z
GI (cm)
RDW (g)
SDW (g)
GI (cm)
SDW (g)
0
50.3ay
19.3ab
10.4a
65.2a
47.0a
3
44.6ab
22.3a
11.1a
58.2a
36.0b
6
38.5b
10.3b
2.8b
45.2b
22.3c
z
Plants were flooded for 0, 3, or 6 days followed by 6 days of draining. The flood-drain
cycle occurred five times on plants flooded for 3 days and four times for plants flooded
for 6 days.
y
Lowercase letters denote mean separation within a column using Proc Glimmix at
P<0.05 (SAS Institute, Cary, NC).
Table 2. Effect of flooding length (days) on growth index (GI), shoot dry weight (SDW)
and root dry weight (RDW) on Fothergilla ×intermedia ‘Mt. Airy’, Ilex verticillata ‘Winter
Red’, and Viburnum nudum Brandywine™ grown in a greenhouse from Oct. to Dec.
2009.
Flooding Length
F. ×intermedia
I. verticillata
V. nudum
(days)z
GI (cm)
RDW (g)
SDW (g)
GI (cm)
y
0
34.6a
61.0a
29.1b
37.9b
3
32.6ab
59.0a
28.6b
39.5ab
6
30.4b
48.0b
32.6a
41.8a
z
Plants were flooded for 0, 3, or 6 days followed by 6 days of draining. The flood-drain
cycle occurred five times on plants flooded for 3 days and four times for plants flooded
for 6 days. y Lowercase letters denote mean separation within a column using Proc
Glimmix at P<0.05 (SAS Institute, Cary, NC).
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Soil Carbon as Affected by Horticultural Species and Growth Media
S. Christopher Marble1, Stephen A. Prior2, G. Brett Runion2, H. Allen Torbert2, Charles
H. Gilliam1, Glenn B. Fain1, Jeff L. Sibley1, and Patricia R. Knight3
1

Department of Horticulture, Auburn University, AL 36849
USDA-ARS National Soil Dynamics Laboratory, 411 S. Donahue Dr.,
Auburn, AL 36832
3
Mississippi State University Coastal Research and Extension Center, Biloxi, MS 39532
2

marblsc@auburn.edu
Index Words: Carbon Sequestration, Climate Change, Alternative Media
Significance to Industry: Increasing atmospheric concentrations of greenhouse gases
(GHG) are widely believed to be a main contributing factor to climate change. United
States agriculture is one of the largest contributors of GHG emissions, trailing only
energy production, which leads scientists to believe that emissions from agriculture
must be reduced to slow climate change. However, emission reductions alone may not
sufficiently curtail negative environmental impacts and, therefore, long-term capture and
storage of carbon (C) will be necessary. To date, most research on GHG emissions and
C sequestration has focused on row crop and forest systems with virtually no work on
ornamental horticulture. Farmers in other agricultural sectors are now earning additional
income in the emerging C trading market for reducing C emissions and pledging to alter
management practices which will provide C offsets by increasing C sequestration. The
ornamental horticulture industry also has the potential to sequester C through
transplanting container-grown ornamentals into urban and suburban landscapes which
sequester C in biomass and soils. In addition, transplant growth media can be an
additional C sink that has not been accounted for in previous research. Our data shows
that when ornamental species are planted in the landscape, the addition of media from
container-grown plant production increased soil carbon levels 4 to 12 times higher than
soil C levels observed in native soils. If future legislation requires caps to be placed on
agricultural emissions, the horticulture industry will need to demonstrate possible
benefits it has on the atmospheric environment. The objective of this research is to
determine the effects of growth media on soil carbon levels from commonly grown
horticultural species planted into the landscape.
Nature of Work: While still debatable, there is widespread belief in the scientific
community that anthropogenic-driven climate change poses serious threats to the global
environment. Atmospheric concentrations of the three most important, long-lived
greenhouse gases [i.e., carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O)]
have increased over the past 255 years (5).
In the United States, agriculture is the second largest contributors to GHG emissions
behind energy production (7). Emissions from agriculture collectively account for an
estimated one-fifth of the annual increase in global GHG emissions. When land use
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changes involving clearing of land, biomass burning, and soil degradation are included,
the overall radiative forcing from agriculture production is one third of the man-made
greenhouse effect (2). Many scientists believe that emissions from agriculture must be
reduced to slow climate change; however, emission reductions in agriculture alone may
not curtail the negative impacts of agriculture on the environment. Therefore, long term
capture and storage of these gases will also be necessary. Carbon from atmospheric
CO2 can be stored for long periods in biomass and soils (19). Carbon sequestration in
agriculture has been a heavily researched topic, particularly in the last 15 to 20 years.
Conservation tillage or “no-till” farming has been shown to reduce fossil fuel use,
increase soil C storage (13), and improve soil characteristics (8). Further, improved
forestry management practices such density control and nutrient management have
been shown to increase C storage in biomass and soil (19).
Due to the large land area they cover in the U.S., most work on C sequestration has
focused on row crop (280 million acreas) and forest (740 million acres) systems (17; 3).
However, non-agricultural land (e.g., urban and suburban) in the U.S. comprise 150
million areas (10). A significant proportion of this land is (or could be) planted with
ornamental trees and shrubs. If C sequestration in agriculture is necessary to mitigate
climate change, it is important to examine the contributions from all sectors of
agriculture, including specialty crop industries such as ornamental horticulture.
Ornamental horticulture is an industry which impacts the landscape of rural, suburban,
and urban environments through production and planting of ornamental horticulture
species. Hall (6) showed the economic impact of the green industry (including nursery,
greenhouse, and sod) to be $148 billion in the U.S. In 2006, there were 7,300 nursery
producers in the top 17 states, encompassing one-half million production acres (18).
Ornamental horticulture is one of the fastest growing sectors in agriculture; however, its
potential impacts on climate change (either positively or negatively) have been virtually
ignored in previous research. While this industry may have some negative impacts on
the environment (e.g. CO2 and trace gas efflux), it also has potential to reduce GHG
emissions and increase C sequestration. Previous research has shown the potential of
urban trees have for sequestering CO2 as well as other pollutants (11). In a study by
Rowntree and Nowak (14) it was estimated that total urban forest C storage in the U.S.
was approximately 800 million tons. In addition to storing CO2, urban trees have also
been shown to cool ambient air and provide shade which allows residents to minimize
annual energy costs (14). While ornamental plants have been shown to take up CO2
and accumulate C in biomass, a large amount of C is also transferred belowground in
the form of various growth media (e.g., pine bark, or new alternative substrates such as
WholeTree or Clean Chip Residual). However, little is known concerning the impact of
these growth media on belowground C sequestration. The objective of this research is
to determine the effects of growth media on soil carbon levels from commonly grown
horticultural species planted into the landscape.
Materials and Methods: In order to explore the effects of growth media on soil C
sequestration, three commonly grown nursery crops, crape myrtle (Lagerstroemia x
‘Acoma’), southern magnolia (Magnolia grandiflora) and Shumard Oak (Quercus
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shumardii) were evaluated. These three species were transplanted from 7.6 cm (3 in),
10.2 cm (4 in), or 2.7 L (trade gallon) liners, respectively, into 11.6 L (3 gal) containers
on 25 March 2008. Plants were potted using one of three growth media; Pine Bark (PB),
Whole Tree (WT), or Clean Chip Residual (CCR). Each growth medium was mixed with
sand (6:1, v:v) and 8.3 kg·m-3 (14 lbs/yd3) 18-6-12 Polyon control-release fertilizer, 3.0
kg·m-3 (5 lb/yd3) lime, and 0.9 kg·m-3 (1.5 lb/yd3) Micromax were added. Whole Tree (4)
and CCR (1), are by-products of the forestry industry which are currently being
investigated as alternative media sources due to decreasing PB supplies (9). Plants
were grown in the 11.6 L (3 gal) containers for an entire growing season and then
outplanted to the field on 11 December 2008. Outplanted species were arranged as a
randomized complete block design with three replicate blocks. Belowground soil C was
assessed in Summer, 2009. Two soil cores [3.8 cm (1.5 in) diameter x 60 cm (23.6 in)
depth] were collected from each treatment within all blocks according to methods
described by Prior et al. (12). In addition, samples of native soil (no plant or growth
media) were collected within each block for comparison. All cores were divided into 15
cm (5.9 in) depth segments, sieved (2 mm), and oven dried at 55˚ C (131˚ F). Ground
subsamples of soil (0.15 mm sieve) were analyzed for C on a LECO TruSpec CN
analyzer (LECO Corp., Saint Joseph, MI). Data were analyzed using the Proc GLM
procedure of SAS (SAS version 9.1).
Results and Discussion: Soil analysis indicated that soil C in the top depth of soil (0 15 cm) was higher for PB compared to WT, CCR and the native soil for all three species
(Figures 1-3). Soil C for the other two media did not differ in any species. Although soil
C was much lower at the 15 - 30 cm depth, the same treatment pattern was observed in
crape myrtle and magnolia; however, there were no differences in soil C for the oaks at
this depth. No soil C differences were observed among media or the native soil in any
species at the lower two depths (i.e. 30 - 45 and 45- 60 cm). These initial soil C data
indicate that the media were contained in the upper 15 cm of the soil profile with a
possibility that some of the PB was incorporated slightly below that depth in the crape
myrtles and magnolias. It has been shown that changes in agricultural management
practices that minimize soil disturbance and increase surface crop residues, such as
conservation tillage (“no-till”) can enhance soil C sequestration potential (16; 8),
however this soil C increase may only be realized many years after adoption of these
practices (15). Data from this study show that soil C ranged from 9 - 25% compared to
about 2% found in the native soil. These data clearly show that planting containerized
ornamentals into the landscape transfer a large amount of C belowground instantly;
however, uncertainty remains regarding how long this C will remain sequestered.
Future studies are needed to determine the residence time of this C in the soil when
planted into the landscape and to fully understand the role of the ornamental horticulture
industry on C sequestration. These data will prepare the horticulture industry for
possible future legislation as well as provide homeowners a means of directly
contributing to the mitigation of climate change via soil C sequestration while improving
the aesthetic value of their homes.
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Figure 1. Media effects on soil carbon percentage in crape myrtle. Bars with the
same letter are not significantly different according to the Least Significant
Differences Test (alpha = 0.05). ns = not significant according to the Least
Significant Differences Test. PB = Pine Bark, WT = WholeTree, CCR = Clean
Chip Residual.
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Figure 2. Media effects on soil carbon percentage in magnolia. Bars with the
same letter are not significantly different according to the Least Significant
Differences Test (alpha = 0.05). ns = not significant according to the Least
Significant Differences Test. PB = Pine Bark, WT = WholeTree, CCR = Clean
Chip Residual.

Figure 3. Media effects on soil carbon percentage in oak. Bars with the same
letter are not significantly different according to the Least Significant Differences
Test (alpha = 0.05). ns = not significant according to the Least Significant
Differences Test. PB = Pine Bark, WT = WholeTree, CCR = Clean Chip
Residual.
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Impact of Post-establishment Applied Organic Mulch on Gas Exchange and
Growth of Two Oak Tree Species
Thayne Montague, Cynthia McKenney, Kaylee Decker
Department of Plant and Soil Science, Texas Tech University
Lubbock, Texas, 79409-2122
thayne.montague@ttu.edu
Index words: landscape maintenance, photosynthesis, stomatal conductance, soil
moisture, soil temperature
Significance to Industry: Organic mulch (pine bark, pruning chips, pine needles, etc.)
is thought to provide many benefits to urban landscapes (reduced weed competition,
increased soil moisture levels, soil temperature moderation). In fact, many in the
landscape industry advise the public to place organic mulches on soils surrounding new
landscapes and trees in existing landscapes. However, limited research has been
conducted to determine if organic mulch provides benefits to established landscape
trees. Our research confirms that soil abiotic factures are influenced by organic mulch
placed over soil. Our research also determined that depending on a tree species
genetic composition, organic mulch placed around root zones of established trees may
limit or enhance tree gas exchange and growth. Our data confirm tree species may be
sensitive to the influence organic mulch has on soil abiotic factors. Cultural practices
around established trees (such as the use of organic mulch) should be carefully
considered prior to making recommendations.
Nature of Work: Organic mulch (pine bark, pruning chips, pine needles, etc.) is thought
to provide many benefits to urban landscapes (2). In fact, many in the landscape
industry advise the public to place organic mulches on soils surrounding new and
existing landscape trees. However, limited research has been conducted to determine if
organic mulch provides benefits to established landscape trees. Our research objectives
were to compare gas exchange (stomatal conductance and photosynthetic rates) and
growth (budbreak, leaf area, and shoot growth) of established trees which had, and
which did not have organic mulch placed on the soil surface surrounding each tree.
Research was conducted on trees at the Texas Tech University Research Farm in
Lubbock, Texas. Trees were planted in 2002 in a randomized complete block design.
Although seven species were studied [Quercus muehlenbergii (chinquapin oak), Q.
robur (English oak), Acer truncatum (shantung maple), Cercis canadensis mexicana
(Mexican redbud), C. canadensis texensis (Texas redbud), C. canadensis texensis
‘Oklahoma’ (Oaklahoma redbud), C. canadensis texensis ‘Alba’ (white Texas redbud)]
data presented will include two species (chinquapin and English oak). There were three
blocks with two plants of each species within each block. Each plant of each species
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within each block was randomly assigned a mulch treatment: no mulch (8.0 feet (2.4 m)
diameter area around tree kept weed free), or mulch (8.0 feet (2.4 m) diameter area
around each tree covered with 4.0 inches (10 cm) of cypress bark mulch). To contain
mulch near the tree, plastic edging was placed around mulched trees. Three trees of
each species were randomly assigned mulch or non-mulch treatments. Mulch was
applied Fall 2008 and reapplied Fall 2009. During the 2009 and 2010 growing seasons
(May – October) each tree received weekly irrigation (based upon total weekly
reference evapotranspiration and soil surface area within the 8 foot (2.4 m) diameter
below each tree) from three 1 gallon (3.8 L) hour-1 emitters placed within 3 feet (0.9 m)
of the trunk.
To collect climatic data required to calculate reference evapotranspiration (shortwave
radiation, wind speed, humidity, and air temperature), a weather station was installed on
site. In addition to climatic data, soil temperature and soil moisture content sensors
were installed 1 inch (2.5 cm) below the soil surface of one mulched and one nonmulched tree. Sensors were installed 3 feet (0.9 m) from the trunk of each tree. One set
of sensors were also installed between tree rows to measure the non-irrigated portion of
the experiment. Budbreak data from each tree was collected Spring 2009 and 2010.
Throughout the 2009 and 2010 growing season, mid-day stomatal conductance was
collected on numerous occasions from each tree. In addition, during the 2010 growing
season mid-day photosynthetic rates were collected two times on each tree. At the end
of each growing season, shoot growth was measured on selected shoots from each
tree. In addition, leaf area on 100 leaves from each tree was measured with a leaf area
meter.
Gas exchange (seasonal means) and growth data were exposed to ANOVA appropriate
for a randomized block design. When significant treatment differences were observed,
means were separated by Fisher’s least significance procedure (SAS). Due to data
collection delays, presented growth data is from the 2009 growing season. All other
presented data is from the 2010 growing season.
Results and Discussion: Throughout the growing season, soil temperature data
indicate soil under mulch was cooler, had greater soil moisture, and fewer temperature
and moisture fluctuation extremes when compared to soil under non-mulched trees and
non-irrigated soil (Figures 1, 2). Organic mulch placed over a soil is known to act as
insulation for the soil below (3). Previous research indicates soils covered with organic
mulch generally have fewer extremes in temperature, moisture, and energy fluctuations
(1). Data from this research indicate budbreak was influenced by mulch treatment.
However, influence of mulch on budbreak differed for each species. Budbreak was
earlier for non-mulched chinquapin oak when compared to mulched chinquapin oak, but
budbreak was later for mulched English oak when compared to non-mulched English
oak (Figure 3). Because of late season frosts, early budbreak can be a serious concern
for many regions of the United States. In Lubbock, during the 2009 growing season
there was a hard frost in early April. Trees which had broken bud prior to the frost
suffered excessive leaf and flower damage.
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Gas exchange data does not indicate specific trends for mulch versus non-mulched
trees. Chinquapin trees without mulch had greater mid-day stomatal conductance when
compared to mulched trees (Figure 4). However, mid-day photosynthetic rate for
chinquapin trees did not differ (Figure 5). The reverse trend was true for English oak
trees. Stomatal conductance for English oak trees did not differ, but photosynthetic rate
for English oak trees with mulch was greater when compared to photosynthetic rate for
English oak trees without mulch (Figures 4, 5). For English oak shoot growth was
similar for trees grown with mulch when compared to trees grown without mulch (Figure
6). However, shoot growth for chinquapin oak was greater for mulched trees when
compared to non-mulched trees (Figure 6). For each species, leaf area data did not
differ between mulch and non-mulch treatments (Figure 7).
Previous research indicates response of established trees to organic mulch placed
around a tree’s root zone will be species and structure specific (1). Our research
confirms these findings with established English and chinquapin oaks. Depending on a
tree species genetic composition, organic mulch (which will influence soil temperature
and soil moisture, and may also influence soil aeration and soil nutrient levels) placed
around root zones of established trees may limit or enhance tree gas exchange and
growth. Our data confirm tree species may be sensitive to the influence organic mulch
has on soil abiotic factors. Cultural practices around established trees (such as the use
of organic mulch) should be carefully considered prior to making recommendations.
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Figure 1. Mid-day soil temperature for mulched, non-mulched, and control (within row)
surfaces.
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Figure 2. Mid-day soil moisture for mulched, non-mulched, and control (within row)
surfaces.
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Figure 3. Mean budbreak day for established mulched and non-mulched Quercus
muehlenbergii (chinquapin oak) and Q. robur (English oak) trees.

550

-2 -1

Stomatal conductance (mmol m s )

500
450
400

Chinquapin oak non-mulch
Chinquapin oak mulch
English oak non-mulch
English oak mulch

a
b

350
300
250
200
150
100
50

Figure 4. Mean, mid-day stomatal conductance for established mulched and nonmulched Quercus muehlenbergii (chinquapin oak) and Q. robur (English oak) trees.
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Figure 5. Mean, mid-day photosynthetic rates for established mulched and non-mulched
Quercus muehlenbergii (chinquapin oak) and Q. robur (English oak) trees.
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Figure 6. Mean shoot elongation for established mulched and non-mulched Quercus
muehlenbergii (chinquapin oak) and Q. robur (English oak) trees.
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Figure 7. Mean leaf size for established mulched and non-mulched Quercus
muehlenbergii (chinquapin oak) and Q. robur (English oak) trees.
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LSU AgCenter People’s Choice Landscape Award Winners – Spring 2010
Allen Owings, Yan Chen, Roger Rosendale and Regina Bracy
LSU AgCenter – Hammond Research Station, Hammond, LA 70403
aowings@agcenter.lsu.edu
Index Words: Landscape Trials, Bedding Plants, Landscape Performance, Cultivar
Trials
Significance to Industry: The LSU AgCenter conducts landscape evaluation trials on
annual bedding plants and herbaceous perennials each year. Included are cool season
trials and warm season trials. Results of these trials provides wholesale nursery
growers, greenhouse growers, landscapers, and retail garden centers with valuable,
useful information on performance of new cultivars.
Nature of Work: Green industry professionals, home gardeners and Louisiana Master
Gardeners participated in the People’s Choice plant award selections at the LSU
AgCenter’s Hammond Research Station in May 2010. Attendees at the Landscape
Horticulture Field Day (green industry professionals), Master Gardener Open House
(Master Gardeners) and Sun Garden Stroll (home gardeners) were given the
opportunity to “pick their winning plants” from the sun garden evaluation trial gardens at
the station. Over 360 varieties were planted this year. The planting mostly consists of
cool- and warm-season annual bedding plants and herbaceous perennials, but new
roses and some “companion” woody ornamental shrubs (such as Southern Living
plants) are also included. The majority are “new” plants to the industry, but a few are
industry standards planted for “comparison” and “side-by-side” evaluation purposes.
Results and Discussion: In the home gardening category, Carefree Marvel rose and
Amazon Rose Magic dianthus tied for most votes (Gold Winner). Amazon Neon Purple
was named the Silver Winner and Butterfly Blush gaura was named the Bronze Winner.
An additional 13 plants were named honorable mention winners.
In the master gardener category, Carefree Marvel rose was the Gold Winner with Silver
Anouk lavandula being the Silver Winner and Passionate Kisses rose being the Bronze
Winner. An additional 10 plants were named honorable mention winners.
In the green industry professional category, Carefree Marvel rose was named the Gold
Winner. The Silver Winner was Pinstripe petunia. The Bronze Winners were Dark
Secret heuchera and Black Velvet petunia. An additional 10 plants were named
honorable mention winners.
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Home Gardeners
Gold Winner – Carefree Marvel rose and Amazon Rose Magic dianthus
Silver Winner – Amazon Neon Purple dianthus
Bronze Medal – Butterfly Blush gaura
Other Winners:
Redbor ornamental kale
Silver Anouk lavendula
Amazon Neon Cherry dianthus
Phantom petunia
Sorbet Yellow Duet viola
Passionate Kisses rose
Knock Out rose
Pinstripe petunia
Knock Out Blushing rose
Elation Red dianthus
Swan Violet White columbine
Carefree Celebration rose
Swirling Fantasy heuchera
Master Gardeners
Gold Medal – Carefree Marvel rose
Silver Medal – Silver Anouk lavandula
Bronze Medal – Passionate Kisses rose
Other Winners:
Amazon Neon Purple dianthus
Sweet Red w/White Eye dianthus
Cinco de Mayo rose
Amazon Rose Magic dianthus
Elation Red dianthus
Traviata rose
Songbird Nightingale columbine
Butterfly Blush gaura
Knock Out rose
Swan Mix columbine
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Green Industry Professionals
Gold Winner – Carefree Marvel rose
Silver Winner – Pinstripe petunia
Bronze Winner – Dark Secret heuchera and Black Velvet petunia
Other Winners:
Amazon Neon Cherry dianthus
Illusion Midnight Lace ornamental sweet potato
Illusion Emerald Lace ornamental sweet potato
Redbor ornamental kale
Senorita Rosalita cleome
Amazon Neon Purple dianthus
Amazon Rose Magic dianthus
Julia Child rose
Little Leaf tibouchina
Jade Frost erygium
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Landscape Performance and Invasive Potential of 12 Ligustrum sinense,
Ligustrum lucidum and Ligustrum japonicum Cultivars 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, seed viability, privet
Significance to Industry: Plant growth, visual quality, flowering, fruit production and
seed viability were assessed for 12 privet (Ligustrum) taxa planted in north and south
Florida. Data generated from this 2.5 year study will potentially identify safe alternatives
that are ornamentally attractive with little to no seed set and prioritize non-invasiveness
into breeding protocols.
Nature of Work: Florida ranks second among U.S. states in the degree of ecosystem
devastation as a result of exotic invasive species. Significant efforts have been made
to accurately assess and predict invasiveness in Florida (2). Some of the ornamentals
listed as invasive by the Florida Exotic Pest Plant Council (1) or University of Florida
Institute of Food and Agricultural Sciences (UF-IFAS) Risk Assessment are still in
commercial production (4). Over the last decade, our research efforts have focused on
assessing the invasive traits of popular ornamentals, closely related genera, and/or
cultivated forms to identify safe alternatives (3). The overall objective of this study was
to evaluate plant performance, growth, flowering, fruit yield, and seed viability of 12
Ligustrum taxa planted in north and south Florida.
Chinese privet (Ligustrum sinense) and glossy privet (Ligustrum lucidum) have widely
naturalized throughout the southeast United States, dominating the understory of mesic
forests and displacing native plant communities. Both are serious environmental weeds
in Australia and New Zealand. In Florida, glossy privet and Chinese privet have
escaped cultivation in 12 and 25 counties, respectively (5), are listed by the Florida
Exotic Pest Plant Council as Category I invasives (1), and are not recommended for
planting by the University of Florida IFAS status assessment protocol (2) (Table 1). A
third privet, Japanese privet (Ligustrum japonicum) has escaped cultivation but is not
listed as invasive in Florida. All three species have ornamental value, with numerous
cultivars commercially available. Twelve Ligustrum taxa were selected for this study
based on popularity and availability (Table 2). Seedlings of Chinese privet, glossy privet
and Japanese privet (wildtype selections) and clonally propagated cultivars, including
one hybrid (L. lucidum x L. japonicum), were obtained in finished 1 gal pots. Field
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plantings of nine uniform plants of each were installed 7 ft on center under full sun
conditions in south FL (Fort Pierce, USDA Cold Hardiness 9b) and north FL (Quincy,
USDA Cold Hardiness, 8b). Plants were evaluated monthly for flowering and fruiting,
and tri-monthly for visual quality. Visual quality was based on a scale from 1 to 5 where
1=very poor performance, and 5=excellent landscape performance. Mesh bags were
placed over fully formed fruit to avoid predation. After 72 weeks, growth indices were
calculated for each plant as an average of the measured height (measured from crown
to natural break in foliage) and two perpendicular widths [(height + width1 + width2)/3].
After 84 weeks, all fruit was removed from each plant at each site and counted. Plants
were kept in the ground to collect a second year of data.
For initial seed viability and germination tests, mature fruit were collected from
independent and larger populations of Chinese privet, glossy privet and Japanese privet
in north Florida. Seeds were cleaned and subjected to pre-germination viability tests
using two replications of 100 seeds treated with 1.0% tetrazolium for 18 hr at 30-35 °C
(MidWest Seed Services, Inc., Brookings, SD). An additional 400 seeds (4 reps of 100)
were placed in sand-filled germination boxes and subjected to germination tests at
35/25, 30/20, 25/15, and 20/10 °C with a 12 hr photoperiod for 60 days. Data were
subjected to ANOVA and significant transformed means separated by Duncan’s MRT at
P=0.05.
Results and Discussion: Visual quality and flowering varied by cultivar and site.
Regardless of cultivar, after 104 weeks (July 2010), north FL plants received higher
visual quality ratings than south FL plants. However, ‘Howard’ Japanese privet, ‘Jack
Frost’ Japanese privet, and ‘Variegatum’ chinese privet had very good to excellent
landscape performance at both sites. After 72 weeks, north FL plants were 1.2 to 2.8
times larger and produced 31 times more fruit than south FL plants (data not
presented). Lower viability of Japanese privet could be associated with the presence of
ligustrum weevil (Ochyromera ligustri). Seeds germinated similarly in dark (data not
presented) or light, with varying response to temperature. Under a 12 hr photoperiod,
Chinese privet had the greatest germination (79%) at 20/10 °C, followed by glossy
privet (76%) at 20/10 °C, followed by Japanese privet (71%) at 25/15 °C (Table 3).
These field trials will continue in order to generate enough seed from cultivars to
complete all germination tests, and to assess variegation stability. As early as 72
weeks, the variegated Chinese privet already showed some reversion to the invasive
green form.
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Table 1. Invasive status and leaf and seed morphology of 3 Ligustrum species in
Florida.
No.
UF-IFAS
seeds
Botanical
Common FLEPPC
ratingy
per
Seed
name
name
ratingz
fruit
Leaf size
size
Ligustrum
japonicum

Japanese
Privet

Not rated

Not a
problem

2

Ligustrum
lucidum

Glossy
Privet

Category
I (N,C)

Caution

2

Ligustrum
sinense

Chinese
Privet

Category
I (N,C,S)

Invasive

1

z

Florida Exotic Pest Plant Council (FLEPPC) Category I species are invasive
exotics that are altering native plant communities by displacing native species,
changing community structures or ecological functions, or hybridizing with
natives (FLEPPC, 2009).
y

Invasive status in Florida determined by the University of Florida Institute of
Food and Agricultural Science (UF-IFAS) Invasive Plant Assessment Protocol
(IFAS Invasive Plant Working Group, 2008).
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Table 2. Description of 3 Ligustrum species and respective cultivars trialed in
north and south FL.
Species/cultivar
Description
Dense evergreen shrub or small tree with upright habit. Heavily branched
L. japonicum
habit responds well to pruning into hedges, topiary or small trees. Fast
grower to 6 to 12 feet tall, 6 to 8 feet wide. White flowers in spring, black
berries maturing in fall.
‘Howard’

Also known as 'Frazieri'. New leaves are yellow turning to glossy, dark green
with age, although older leaves may retain a splash of yellow. Moderate
growth rate.

‘Jack Frost’

Shiny, leathery green leaves have creamy white margins. Grows 6 to 12 feet
tall and 6 to 8 feet wide. Small white flowers in spring.

‘Lake Tresca’

Slow-growing, compact shrub up to 8 feet tall with small, rounded leaves on
a plant with a mounding habit. Creamy-white flowers. An FNGA (now
FNGLA) Plant of the Year in 1999.

‘Rotundifolium’

Also known as 'Coriaceum'. Attractive crinkled, thick, dark green leaves
appear crowded on stems. Plant habit is stiff and upright, growing 4 to 6 feet
tall. Considered less hardy than the species. White flowers in summer.
Introduced from Japan by Fortune in 1860.

‘Texanum’

Sometimes listed as L. texanum. Large glossy dark green leaves on a
compact, upright plant. Grows up to 10 feet tall. Spring flowers.

L. lucidum

‘Davidson Hardy’

Fast-growing evergreen tree, 25 to 40 feet tall (occasionally up to 50 feet)
and 25 to 35 feet wide. Glossy green leaves are large, 4 to 6 inches long,
with narrow, translucent margins. Terminal, 6 to 10-inch panicles of small,
white flowers are produced in late spring and are followed by blue-black fruit.
This selection is more cold hardy than the species. It has been hardy at
Davidson College, Davidson, NC, where foliage wasn't damaged by -15F.
Leaves are a flat dark green and the plant is larger and coarser than
cultivars like 'Nobilis' and 'Recurvifolium'. This cultivar was received as
Ligustrum lucidum but it has been variably assigned to L. lucidum and L.
japonicum.
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Table 2 (continued). Description of 3 Ligustrum species and respective cultivars
trialed in north and south FL.
L. sinense

Evergreen to semi-evergreen shrub growing 10 to 15 feet tall and wide
(rarely 20 feet tall). Adapted from full sun to dense shade and from dry to wet
soils. Panicles of creamy-white flowers are 2 to 3 inches long and occur in
late spring. Flowers are followed by waxy black fruit that may persist through
winter.

‘Swift Creek’

An improved selection of L. sinense 'Variegatum' with leaves that show more
variegation and less green area. The plant grows slower and is said to be
much less likely to revert to solid green foliage. It is a new form from Lanny
Thomas at Swift Creek Nursery in North Carolina. Mature plant size is 8 to10
feet tall and wide.

‘Variegatum’

Leaves have cream- to white margins. This selection is not as fast-growing
as the species and attains heights of 6 to 8 feet (occasionally 15 feet).
Branches are known to revert to all-green leaves. Flowers in late spring or
early summer.

L. japonicum x L.
lucidum ‘Suwannee
River’

Said to be a hybrid of Ligustrum japonicum and L. lucidum. Dark green
evergreen leaves on a plant with a compact, mounding form. Slow-growing
to 4 feet tall, 3 to 4 feet wide. White flowers in spring.
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Table 3. Viability and germination of seed collected from 3 ligustrum species in
north FL. Seeds were cleaned and germinated with light (12 hr photoperiod) in
germination boxes placed in growth chambers set at 20/10, 25/15, 30/20 and
35/25 °C (68.0/50.0, 77.0/59.0, 86.0/68.0 and 95.0/77.0 °F) for 60 days.
Germination (%)
Species
Viability (%)z
20/10 25/15 30/20 35/25
Ligustrum japonicum

57.3 cy

68.0 a 71.0 a 61.0 a

54.0 b

Ligustrum lucidum

91.8 a

75.5 a 70.5 a 51.0 a

2.0 c

Ligustrum sinense

81.0 b

78.5 a 70.5 a 70.0 a

72.5 a

z

Determined by positive staining after seeds were subjected to 1.0% tetrazolium
for 18 hr.

y

Significant transformed means separated by Duncan’s MRT at P=0.05 level.

Landscape

367

SNA Research Conference Vol. 56 2011

Evaluation of Evergreen Acer at the JC Raulston Arboretum
Mark Weathington
JC Raulston Arboretum, NC State University
Department of Horticultural Science, Campus Box 7522, Raleigh, NC 27695
Mark_weathington@ncsu.edu
Index words Acer, maple, landscape trials, species trials
Significance to the Industry New plants help fuel the growth of the green
industry but nursery professionals must balance new plants with the public’s
often slow acceptance of the unknown. Entirely new genera often need a longer
learning curve before the public accepts them. The public accepts familiar
genera, such as Acer, more readily even when the species are novel to them.
Evergreen Acer offer the nursery industry a group of plants that fit many needs of
the public. They offer year-round interest, form small to medium trees suitable
for suburban landscapes, are generally easy to grow and relatively quick in
production, and are from a familiar genera. Due to their limited hardiness, they
will be relegated to warmer southeastern gardens, mostly zone 8 and warmer.
Several species are currently available in small numbers from specialty nurseries
and provide opportunities to acquire plants for use as propagation stock.
Nature of Work The JC Raulston Arboretum (JCRA) evaluates a wide diversity
of woody plants for suitability to the central piedmont region of North Carolina
and the broader southeastern US. Acer have been an important component of
the collections of the JCRA since its inception in the 1970’s. In recent years,
evergreen and semi-evergreen species have gradually been accumulated
through wild collections and from cultivated material. Many of these Acer are
poorly understood and rarely grown even in botanic gardens but may be suitable
for wider use throughout the southern US.
The genus Acer formerly included in its own family, the Aceraceae, is now widely
placed in the Sapindaceae family (1). The genus was first described in 1700 by
French botanist Joseph Tournefort and the name derives from the Proto-IndoEuropean word meaning “sharp”. It was officially assigned in 1753 by Linnaeus
in Species Plantarum. Acer is a widespread genus with members ranging from
North America to Europe and north Africa and across to Asia and Indonesia
where they cross to the southern hemisphere. There are approximately 125-150
species of Acer with relatively few that are evergreen or mostly evergreen. The
majority of these evergreen forms are native to southeast Asia and the
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Himalayan region with a couple of outliers in the eastern Mediterranean region.
This paper summarizes the plants under evaluation at the JCRA, provides
landscape characteristics, and production observations.
Results and Discussion Eleven taxa that are now or have been in the JCRA
collection are presented below with brief information on the habit, propagation,
and hardiness as presently known. All of the Asian species presented here grow
naturally as understory trees in mixed woodland. They will all tolerate and
probably perform best if grown under high shade in a moist, well-drained location
out of winter winds. Acer obtusifolium will grow best in a well-drained sunny
location. Published information for these and other evergreen Acer is often
difficult to locate and the following resources offer the best information
(2,3,4,5,6,7,8,9,10,11,12,13,14,15).
Acer albopurpurescens Hayata – An evergreen tree to 15 m (50 ft) endemic to
Taiwan. It is closely related to the similar A. oblongum and some taxonomists
place both of these species in A. laevigatum. A. albopurpurescens is
distinguished primarily by the indistinct basal nerves on the leaves. The foliage
is leathery and glossy pale green above while the underside is glaucous white to
purplish beneath. Leaves are oblong 5-13 cm (2-5 in) long by 2.5-5 cm (1-2 in)
wide with a narrow tip. Trees develop an upright oval habit and are quite showy.
Fall can bring plum tones to the underside of the leaves adding interest to the
winter landscape. It ranges from low to medium altitudes throughout Taiwan.
We have not been able to test this plant in the landscape yet. One plant grown
from seed obtained through the Taiwan Forestry Research Institute has been
planted on the grounds but
has not been planted out long
enough to evaluate its
hardiness. The author has
seen this plant growing above
1525 m (5000 ft) in Taiwan
which corresponds roughly to
zone 8b although reports
show it to grow another 500 m
(1600 ft) higher. Provenance
may play a strong role in
determining hardiness. Plants
can be propagated by seed or
by grafting on
A. buergerianum.
A. albopurpurescens growing wild in central Taiwan.
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Acer buergerianum var. ningpoense (Hance) Rehd. (Ningpo trident maple) – This
variety of trident maple is reliably deciduous in zone 7 and has been growing at the
JCRA since 1994. In warmer areas it may be evergreen if adequate moisture is
supplied through summer and into fall. In the wild in east China (Ningpo, Zhejiang
Province) it can attain heights of 18 m (60 ft) but typically forms a small to medium tree
in the landscape. The JCRA specimen has grown more than 9 m(30 ft) in 13 years.
Somewhat bluish tinged foliage varies from 3 lobes to none and is about 5 cm (2 in)
long and wide. Although not evergreen at the JCRA, it may make a nice evergreen or
semi-evergreen specimen in the deep south. The bark peels attractively in thick sheets
on mature trees. Propagation is from seed, although isolated specimens often form
non-viable parthenocarpic fruit, grafting to A. buergerianum seedlings, or softwood to
semi-hardwood cuttings taken from May to September. Overwintering rooted cuttings
can be difficult and success may be best with cuttings from early in the season.
Acer buergerianum var. formosanum (Hance) Sasaki (Formosan trident maple) –
Another form of A. buergerianum, endemic to Taiwan. High elevation forms have
proven to be hardy into at least zone 8. It is similar in other respects to the species with
a powdery blue underside to the leaves. The JCRA’s plants have not yet been planted
out to determine their suitability in zone 7.
Acer coriaceifolium Lev. (syn. A. cinnamomifolium Hayata) (leatherleaf maple) – This
small tree has been growing at the JCRA for 9 years where it has grown into a 3.5 m
(12 ft) tall tree. In the wild it can grow to nearly 15 m (50 ft) but seems to want to grow
as a shrub in cultivation although a single leader can be trained if desired. The foliage
is unlobed, dark to medium green above and paler and tomentose below. It tends to
break dormancy early in the spring which can be a problem in areas subject to late
frosts. New growth emerges pale green and
is covered in silvery to coppery hairs
providing a striking contrast to the older dark
green leaves. The evergreen foliage is
sometimes damaged during cold spells but
plants in the Carolina piedmont have grown
remarkably well. Most (all?) plants grown in
the west are from a distribution by the
Shanghai Botanic Garden in 1983 as A.
cinnamomifolium. Further hardiness could
come from germplasm collected at the
highest elevations of its distribution in
southwest China. Propagation is typically
from seed although cuttings can be rooted in
late May through June.

New growth on A. coriaceifolium.
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Acer erythranthum Gag. (red-flowered maple) – This rare evergreen maple has only
recently come into cultivation in the west. It appears to be very closely related to A.
laevigatum and may at some point be placed in this species. This species is endemic to
a small area of Vietnam near the Chinese border. Small unlobed foliage 6-12 cm (2.54.7 in) long by 2-3 cm (0.8-1.2 in) wide emerges reddish in the spring before deepening
to dark green. The early spring flowers are reddish against the evergreen foliage. The
JCRA’s plant comes from a collection by Dan Hinkley (DJH 06147) who feels that it
should prove to be hardy in central North Carolina. It has not been evaluated outdoors
as of yet. Propagation is by seed.
Acer fabri Hance (Faber’s maple) – This evergreen maple is perhaps the most readily
available in the trade in the west. Narrow, lanceolate leaves emerge coppery red before
turning dark, glossy green. This has proven to be among the showiest of maples in
flower with dark red buds opening in late March to reveal white flowers held on crimson
pedicels. The fruit is also bright red and continues the show against the glossy foliage.
Young stems are green or occasionally reddish. Plants in the wild can grow to 20 m (65
ft) but are typically closer to half that size in cultivation. It tends to grow as a multistemmed or low branching tree unless trained differently. A. fabri appears to be
perfectly hardy in central NC
with only minimal damage to
the branch tips and discoloring
of some of the foliage during
cold spells. The JCRA plant
has been in the ground for over
a decade and has performed
admirably, growing to 4 m (13
ft) in that time. Propagation is
by seed or grafting on A.
palmatum.
A. laevigatum Veitch
(smoothleaf maple) – A medium
sized tree to 15 m (50 ft) in the
wild. Young plants have serrate
margins on lanceolate leaves
but become entire as the plants
Flowers on A. fabri.
mature. New growth is bright
red which contrasts nicely with the yellow early spring flowers. Young branches are
olive green often with a purplish tinge. Summer fruits also emerge purple-maroon. This
tree is found scattered through southeast Asia. The JCRA has plants grown from seed
collected at the Shanghai Botanic Garden in 2009 so has not been able to assess its
growth in the arboretum. Other plants growing throughout the southeast have
performed well and a specimen at the Charles Keith Arboretum in Chapel Hill, NC is
over 3 m (10 ft) tall after being in the ground for 12 years. Propagate by seed or
grafting on A. palmatum.
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A. laurinum Hassk. – This rare tree was grown at the JCRA from 1996 to 2000 as the
synonymous A. decandrum when it died due to late season drought. It is mainly a
subtropical evergreen tree to over 25 m (80 ft) tall in the wild although presumably it will
be much smaller in cultivation. New growth emerges bright red-maroon. Hardiness for
A. laurinum will depend heavily on the provenance of the germplasm. With a range
from China and Cambodia to India, Malaysia, and Thailand this is the only maple to
cross the equator. The hardiest plants will come from the northernmost populations
and, most importantly, from the highest elevations near 2000 - 2500 m (6500-8500 ft).
Propagation is by seed.
A. oblongum DC. (flying moth maple) – This Asian tree grows at medium altitudes to
2000 m (6500 ft) in mountainous regions of Nepal to central China. It forms an upright,
oval headed tree to 15 m (50 ft) in the wild but will be much smaller in cultivation. It is
typically described as evergreen but is a variable species in the wild ranging from fully
evergreen to deciduous. The foliage is often
tri-lobed on young vigorous plants becoming
oblong to ovate with maturity. The foliage is
never serrate as in some other closely
related evergreen maples. Leaves are
leathery, sage green above and paler
beneath. Fall color on deciduous plants can
be brilliant red to nice yellow to almost
nonexistent. The bark is smooth and
attractive and there are reports that the bark
can peel off in irregular plates but this has
not been the case for trees at the JCRA.
The JCRA has several trees in cultivation
from different sources. One tree grown from
seed of a cultivated plant near Tokyo has
been in the ground since 2006 and grown to
1.5 m (5 ft). It is fully evergreen but has
taken significant damage during most typical
zone 7 winters with killed back branches and
damaged foliage. Two other seedlings from
wild collected Chinese seed received from
the University of Nebraska and planted in
1996 and 1997 have grown to about 9 m (30
ft) each. One tree has proven to be
completely deciduous with excellent fall
Evergreen A. oblongum after January 2008
color every 3-4 years. It has made a very
freeze.
handsome and garden worthy tree. The
other tree has leaves which are semi-persistent with no fall color. While the evergreen
forms may have potential for deep south gardens, the fully deciduous form is a tree
worth consideration over a wider area and should be trialed in colder regions.
Propagation is by seed, but there has been some success in preliminary cutting trials.
Grafting on Acer buergerianum may also be possible.
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Acer oblongum var. concolor Pax –
This plant, similar to the species, has
conspicuously white undersides to
the leaf and a bluer color overall.
The JCRA plants come from Dan
Hinkley wild collected Vietnamese
material (DJHV 8019) and have not
been grown long enough for
evaluation.

A. oblongum fall color on northern germplasm.

A. obtusifolium Sib. – This plant is
one of the more western species of
evergreen maple ranging from
eastern Turkey into Syria, Lebanon,
Palestine, and Cyprus along coastal
mountains. It forms a shrub or can
be trained into a small tree about 5
m (16 ft) tall. The foliage is leathery
and varies from unlobed to tri-lobed.

Leaves are typically 5-10 cm (2-4 in) long and
gray-green and reliably evergreen in areas milder
than central NC. In cooler areas the foliage will
shrivel and eventually drop with no fall color. The
JCRA plant survived outdoors for about 3 years.
Its death was probably due to a combination of
winter cold and wet. Plants will likely perform best
if planted in a free draining soil with some
protection from drying winter winds. A.
obtusifolium is sometimes lumped with A.
sempervirens but the former’s leaves are
conspicuously larger often to near twice the size.
It is synonymous with the names A. orientale and
The tri-lobed foliage of A. obtusifolium
A. syriacum. Propagation is by seed or grafting on is similar to A. sempervirens.
A. monspessulanum or A. pseudoplatanus.
A. paxii Franch.(Pax’s maple) – This maple from Yunnan Province in China is very
similar to the closely related A. buergerianum with the main distinction being its
evergreen foliage. It grows to 10 m (32 ft) in the wild. The foliage is glossy green and
typically tri-lobed, but unlobed leaves also appear. The JCRA plant has not been in the
collection long enough for an evaluation of its hardiness although reports indicate small
trees are very tender while larger specimens may withstand zone 7b winters. It makes
a handsome small tree and can be propagated by seed or grafting on A. buergerianum.
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Irrigation Frequency Affects Growth and Photosynthetic
Capacity of Four Conifer Species
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2021 Throckmorton Plant Science Building, Manhattan, KS 66506
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Index words: Abies nordmanniana, Cupressus arizonica, drought, landscape
establishment, Picea engelmannii, Thuja ‘Green Giant’
Significance to the industry: Containerized Thuja L. ‘Green Giant’ (‘Green Giant’
arborvitae), Cupressus arizonica Greene (Arizona cypress), Abies nordmanniana
(Steven) Spach (Nordmann fir), and Picea engelmannii Parry ex Engelm. (Engelmann
spruce) were subjected to recurring short-term moderate to severe drought in a
greenhouse environment. Results suggest C. arizonica and A. nordmanniana, and T.
‘Green Giant’ are capable of tolerating some level of water deficit and recovering. Picea
engelmannii, however, lacked the ability to recover basic photosynthetic capacity
following two drought events. These species are potential choices for evergreen
landscape ornamentals in the Great Plains.
Nature of Work: Pine trees and conifers in general, are an important part of the
landscape in the Midwest and Great Plains. While they are aesthetic, they are also
necessary and functional tools for wind abatement, control of soil erosion, and wildlife
habitat. Unfortunately, long established pine (Pinus L.) trees are dying rapidly and with
increasing frequency due to pine wilt disease. Exacerbating this situation are frequent
and prolonged droughts which coupled with increasing water use restrictions can induce
severe drought stress leading to tree death. Thus, a concerted effort to find and
introduce conifers that establish easily with minimal amounts of irrigation is a priority.
Prolonged drought, high summer temperatures, and cold winter temperatures make it
particularly difficult to grow conifer species in Kansas. Water stress is a primary factor
leading to plant failure after transplanting and is one of the most limiting factors for
growth (2,4). This water stress increases the plant’s vulnerability to pests and diseases
(6). Therefore, the objective of this work was to examine the influence of short-term
recurring drought had on photosynthetic capacity and growth of four conifer species.
On 14 April 2010, 24 plants each of Thuja ‘Green Giant’ (‘Green Giant’ arborvitae),
Cupressus arizonica (Arizona cypress), Abies nordmanniana (Nordmann fir), and Picea
engelmannii (Englemann spruce) were potted into containers filled with an amended
pine bark substrate. Container size was selected based on the size of the plant’s root
system at potting. ‘Green Giant’ arborvitae were potted in 6.0 L (1.6 gal) containers,
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Arizona Cypress were in 2.8 L (0.75 gal) containers, and Nordmann fir and Engelmann
spruce were in 10.8 L (2.9 gal) containers. The substrate consisted of pine bark:sand
(8:1, by vol.) amended with 0.91 kg·m-3 (1.5 lbs·yd-3) Micromax (Scotts, Marysville, OH),
7.1 kg·m-3 (12 lbs·yd-3) controlled release fertilizer (Osmocote 18-6-12, Scotts,
Marysville, OH), and 0.45 kg·m-3 (1.0 lbs·yd-3) dolomitic limestone. Plants were grown
under partial shade for 7 weeks. On 4 June 2010 the plants were moved into a glass
greenhouse (Manhattan, KS) and allowed to acclimate for 5 weeks. Plants were grown
under natural photoperiod and irradiance and watered as needed to avoid moisture
stress. Greenhouse temperatures were set to 27°C day / 18 °C night (80 °F day / 65 °F
night).
Initial substrate water holding capacity was determined by sub-irrigating individual
containers in a large reservoir until water was observed glistening on the surface of the
container substrate. Water was then allowed to drain slowly from the bottom of the
reservoir and containers. The containers were allowed to drain two hours and then
weighed to obtain weight at container capacity (CC). Treatments were initiated on 7 July
2010 by withholding irrigation. Plants were weighed daily at 0600 hr and irrigated back
to CC when they had reached one of the three predetermined treatments: 90% CC (well
watered control), 80% CC (moderate drought) or 70% CC (severe drought).
Photosynthesis measurements began on 31 August 2010. Photosynthetic capacity
(Pnet) of each plant was measured using a CIRAS-1 (PP Systems, Haverhill, MA)
infrared gas analyzer supplying 2000 µL·L-1 CO2, 1000 µmol·m-2·s-1 photosynthetically
active radiation (PAR), and a leaf temperature of 30 °C (86 °F). All plants were irrigated
1-day prior to photosynthesis measurement to minimize stomatal limitations. A terminal
shoot containing current season’s growth was placed in the cuvette and data recorded
when carbon assimilation stabilized. Plants were then destructively harvested, roots
were washed of substrate, and growth data was collected including: height, shoot dry
weight, and root dry weight. Growth Index (GI) was calculated as (plant height +
maximum plant width + perpendicular plant width) ÷3. Dry weights were recorded
following 7-days of drying at 66 °C (150 °F) in a forced air drying oven.
The experimental design was a randomized complete block design with eight single
plant replicates. Data were analyzed using GLM procedures and means separation
using Fisher’s Protected LSD at p = 0.05 (5). No statistical comparisons were made
between species.
Results and Discussion: Due to differences between species in root system size at the
time of planting and the inherent differences in rate of growth of the root system, each
species filled the container volume at a different rate and therefore, each species
experienced the drought treatments at different frequencies. Throughout the duration,
90% CC plants were watered on alternating days. Species reached 80% CC with the
following frequencies; C. arizonica (19 times), P. engelmannii (4 times), T. ‘Green Giant’
(10 times), and A. nordmanniana (4 times). Species reached 70% CC with less
frequency; C. arizonica (13 times), P. engelmannii (2 times), T. ‘Green Giant’ (3 times),
and A. nordmanniana (2 times).
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Among the four species, T. ‘Green Giant’ was the most responsive to recurring shortterm drought. Height, shoot dry weight, and GI were reduced when the plants were
exposed to drought (Table 1). Interestingly, root dry weight and Pnet were not affected
suggesting that plants may be able to recover quickly when soil moisture is improved.
In contrast, P. engelmannii and A. nordmanniana were nearly unaffected by the drought
treatments (Table 1). Short-term drought greatly reduced the Pnet of P. engelmannii,
which may lead to long term survival difficulties. However, other measurements were
unaffected for the two species. This was not entirely unexpected since these two
species have determinate growth habits and seasonal growth had occurred prior to
treatment initiation.
Cupressus arizonica is known for its drought tolerance (1, 3). Therefore, it was not
surprising that few of the growth parameters were influenced by the short-term drought
(Table 1). Shoot dry weight was the only growth variable affected. However, height
and GI were unaffected suggesting that the species compensated for moisture deficit by
producing a less dense plant with less leaf area for transpiration, while maintaining a
relatively large root system for obtaining soil moisture.
Data herein suggests that C. arizonica and A. nordmanniana may be able to survive
repeated short term droughts that frequently occur in the Midwest and Great Plains.
Thuja ‘Green Giant’ appears to have the capacity to recover quickly from short-term
drought by maintaining Pnet and a robust root system, whereas P. engelmannii may lack
the ability to recover basic photosynthetic capacity after exposure to drought.
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Table 1. Height (Ht), shoot dry weight (Sdw), root dry weight (Rdw), growth index (GI), and net photosynthesis
(Pnet) of Cupressus arizonica, Picea engelmannii, Thuja ‘Green Giant’ and Abies nordmanniana grown under
recurring drought cycles of 90%, 80%, or 70% container capacity.
C. arizonica
P. engelmannii
T. ‘Green Giant’
A. nordmanniana
90%
80% 70%
90% 80% 70%
90% 80% 70%
90% 80% 70%
Ht (cm) 65.4NS 60.3
59.4
42.0NS 42.3 43.0
58.6**a 49.5b 43.1c
35.5NS 34.3 32.6
Sdw (g) 43.4**a 35.4b

33.9b

40.3NS 39.0

33.4

Rdw (g)

9.2NS

6.7

7.3

19.2NS 21.2

15.6

GI

45.1NS

42.5

43.2

29.9NS 29.2

30.6

Pnet1
NS,**,*

52.5**a 46.3a

33.1b

55.8NS

53.0

50.9

5.3

39.9NS

37.6

31.8

42.4b

39.0NS

36.4

35.8

5.4NS
6.2
8.6
6.2**a 5.6a 1.4b
2.3NS
3.2
3.2
3.4NS
3.0
Not significant, significant at P≤0.01, or significant at P≤0.05 within a species and within a row.

2.8

8.2NS

7.4

49.2**a 42.5b

Means followed by a different letter within a species and within a row are significantly different, Fishers
Protected LSD ( = 0.05), n=8.
1

Net photosynthesis (Pnet) measured in µmol CO2•m-2•s-1
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