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Signifi cance to Industry: There may be a signifi cant marketing opportunity for 
herbaceous peonies in the deep-south if management practices are developed 
that ensure success in hot humid climates. Census data indicates a signifi cant 
infl ux of people from northern states into the Sunbelt states. These potential 
clients may welcome the opportunity to grow these familiar plants at their 
newfound homes. Based on current research, using herbaceous peonies in the 
landscape is feasible, however planting along southern exposures should be 
avoided.

Nature of Work: Customer satisfaction, which is of utmost importance to 
nursery growers and landscapers, is dependent on the survival of plant material 
placed in the customer’s landscape. Post-transplant survival is dependant upon 
many factors. Landscape exposure infl uences plant growth and development 
and is more critical with some plants than with others (1, 2, 6). For example 
Buxus L. sp. (boxwood) and Buxus L. sp. (boxwood) and Buxus Ilex x meserveae S. Y. Hu (blue holly), expressed 
greater vigor when planted with a northern exposure than those planted with a 
southern exposure (3, 4). Differences in plant vigor may be due to differences 
in air and or soil temperatures relative to the plant’s exposure orientation. 
Exposure orientation may become critical when attempting to establish in 
southern landscapes species such as the herbaceous peony that thrive in more 
northern climates.

Peony (Paeonia lactifl ora Pall.) is an attractive broad-leaved herbaceous 
perennial with glossy dark green leaves and showy fl owers. Plants produce a 
variety of large rose, chrysanthemum, or lotus shaped fl owers. Flower color 
ranges from snow white to deep red in both solid and multicolored fl owers. 
Although short-lived while on the plant, peonies make excellent cut fl owers and 
may be non-fragrant to densely fragrant.

Peonies are common and well known in the northern states, however in the 
South they are uncommon since only a few cultivars thrive in our hot humid 
summers and warm short winters. Of these few cultivars (‘Festiva Maxima’, 
‘Jewel’ and ‘Victoria Lincoln’), most are relatively uninteresting with little color 
range and single blossom types. Most are commonly sold in the trade as red, 
pink, or white bare root plants with little else in the way of description.

Survival and performance of the more superior named cultivar root divisions 
could be improved if production and planting recommendations existed for 
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their use in the South. To study different management practices, research was 
conducted to determine the effect of exposure orientation (north, south, east, 
west) on growth and fl owering of 3 peony taxa.

Research was conducted at the North Alabama Horticulture Research Center, 
Auburn University, Cullman. Exposures in four directions (north, south, east and 
west) were provided by square structures constructed from four panels of 1.8m 
(6ft) x 2.4m (8ft) spruce fencing material. In November of 2003, two cultivars of 
peony, ‘Gold Dotted Red Butterfl y’ and ‘Radiant Beauty’, and a pink seedling 
peony were planted in a single row in tilled plots adjacent to each side with one 
plant of each taxa per row 0.3m (1ft) from the structure and on 0.9m (3ft) centers. 
The plants were bare root with three to fi ve eyes per crown. Six structures were 
constructed, each structure representing a block (replication). Plants were placed 
in holes with 2.5cm (1in) of soil covering the uppermost root buds (eyes). Upon 
planting all plants were manually irrigated and weeded as needed. 

Nondestructive growth index (GI) measurements, plant height + [(maximum 
plant width + perpendicular width)/2], were recorded for each plant in June 2005. 
All data were subjected to analysis of variance procedures and means were 
separated using protected least signifi cant difference (LSD) at P=0.05 (5).

Results and Discussion: Survival rate was identical (100%) for all exposures. 
GI’s were similar among peony taxa, and there was no signifi cant interaction 
between taxa and exposure for GI measurements, so data for all taxa were 
pooled. Gi’s (averaged across taxa) were lower on the southern exposure 
(35.6) than on northern, eastern, or western exposures (41.5, 42.7, or 41.6, 
respectively). Although not quantifi ed in this experiment, chilling hours during the 
dormant period may be diminished on southern exposures as a result of higher 
soil temperatures and radiant heat from the wall. Similar research has shown 
daily soil temperatures for south and west exposures are consistently higher than 
those on north and east exposures (6). 

At the time of GI measurements, fl ower production was too sparse to collect 
meaningful data on fl ower counts. Peonies typically require an establishment 
period of a two years before substantial fl owering occurs. Infl orescence number 
and growth indices in the third growing season will provide additional information 
concerning the preferred exposure of these taxa. Additionally, differences 
between taxa may become evident after additional growing seasons. 
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Signifi cance to Industry: Powdery mildew and blackspot diseases have 
been a problem on some Earth Kind rose varieties during the fi rst couple years 
of evaluation. This effort is, however, identifying several varieties that have 
increased potential for use across Louisiana. Initial data will continue to be 
collected and updates will continue to be provided over the course of this fi ve 
year project.

Nature of Work: The LSU AgCenter recently initiated some additional rose 
studies that may be of interest to green industry professionals, home gardeners 
and rose enthusiasts. The LSU AgCenter has long had an All-America Rose 
Selections Display Garden, fi rst at the Hill Farm location on the Baton Rouge 
campus and now at Burden Center on Essen Lane in Baton Rouge. Many 
modern rose varieties have been evaluated over the years for their landscape 
performance characteristics and their susceptibility to blackspot and other 
troublesome diseases.

A new research/demonstration project was initiated in 2003 to evaluate the 
Texas’ Earth Kind roses in south Louisiana. Earth Kind roses are those being 
recommended by Texas A&M University for their low maintenance characteristics 
and disease resistance. Some “newer” roses, such as ‘Knock Out’, are included 
in the program but old garden roses are a primary emphasis. Rose varieties 
included in this program are listed in Tables 1 and 2. Flower data, growth habit, 
powdery mildew susceptibility and blackspot susceptibility is being recorded from 
2004-2008. 

Some Texas’ Earth Kind rose varieties were planted at Burden Center in Baton 
Rouge, LA in the fall 2003, with additional varieties added in March 2004. The 
planting is located in full sun in raised rows composed of an unamended Olivier 
silt loam. Roses are mulched once annually with 2-3 inches of baled pine straw. 
Fertilizer at the rate of 1 pound N per 1000 square feet of bed area is applied 
once annually in early spring. Fungicides or insecticides are not applied to the 
planting in an effort to control disease and insect pests. Plants are occasionally 
irrigated via a micro-irrigation drip system to prevent major stress during droughty 
periods.

Results and Discussion: Powdery mildew was a noticeable problem on many 
varieties during the growing season in 2004 and during late spring 2005. Disease 
ratings were made for powdery mildew presence in May 2004, November 
2004, and May 2005. Georgetown Tea, Clotilde Soupert, Souvenir de St. 
Anne’s, Nacogdoches, Reve d’Or, New Dawn, Lamarque, Puerto Rico, Sarah 
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Jones, Ducher, Louis Philippe, and Spice were most signifi cantly affected (data 
not shown). 

Blackspot problems have also been signifi cant in the fi rst two years of landscape 
evaluations. This was more noticeable in late spring 2005 than during the 
growing season in 2004. Knock Out, Reve d’Or, Sarah Jones, Bon Silene, Lafter, 
Perle d’Or, The Fairy, Cladwell Pink, Monsieur Tillier, and Pinkie have been 
least susceptible to blackspot thus far (data not shown). All other varieties are 
moderately to severely susceptible based on initial observations.

Initial fl owering data indicates that most of the Earth Kind roses have repeat 
blooming tendencies. 

Table 1. Initial Texas’ Earth Kind rose varieties. 

Variety Class Color Height Width
Belinda’s Dream S Soft Pink 3’ - 6’ 3’ - 4’
Caldwell Pink P Lilac Pink 3’ -4’ 3’
Climbing Pinkie CLP Rose Pink 8’ - 12’ 6’
Else Poulsen F Bright Rose Pink 3’ - 5’ 3’ - 4’
Katy Road Pink S Medium Pink 4’ - 5’ 4’ - 5’
Knock Out S Cherry Red 3’ - 4’ 3’ - 4’
Marie Daly P Medium Pink 3’ - 4’ 3’ - 4’
Mutabilis OGR CH Yellow/Orange/Red 4’ - 10’ 6’
Perle d’Or P Yellow/Pink Blend 3’ -6’ 3’
Sea Foam S Creamy White 2’ - 8’ 4’
The Fairy P Light Pink 2’ -4’ 4’
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Table 2. Additional Earth Kind rose varieties in Texas A&M University’s rose 
brigade program.

Variety Class Color Height Width

Aethusa OGR CH Apricot/yellow 5’ - 6’ 4’ - 5’
Bon Silene OGR T Deep Pink 4’- 6’ 4’ – 6’
Buff Beauty HM Apricot 4’- 12’ 5’
Cecile Brunner P Light Pink 3’ - 5’ 3’
Clotilde Soupert P Pearl White 3’ - 4’ 3’
Comtesse du Cayla OGR CH Orange-Red 3’ - 5’ 3’
Ducher OGR CH Pure White 3’ - 5’ 3’
Duchesse de Brabant OGR T Rose Pink 4’- 6’ 4’
Georgetown Tea T Pink Blend 3’ - 5’ 4’
Isabella Sprunt OGR T Sulphur Yellow 4’- 6’ 4’
Jaune Desprez OGR N Apricot Yellow 12’ - 20’ 5’ - 7’
La Marne P Pink/White 4’- 6’ 4’ - 5’
Lafter HT Salmon/Yellow 5’ - 6’ 4’
Lamarque OGR N White 12’ - 20’ 5’
Louis Phillippe OGR CH Crimson Red 3’ - 5’ 3’
Maggie S Violet 4’- 6’ 4’- 6’
Marie Pavie P Creamy White 2’ - 4’ 3’
Mme. Antoine Mari OGR T Pink Blend 4’- 6’ 4’
Monsieur Tillier OGR T Coral Pink 3’- 6’ 3’- 4’
Mrs.Dudley Cross OGR T Pale Yellow/Crimson 3’- 6’ 3’ - 5’
New Dawn CL Blush Pink 15’ - 20’ 8’ - 20’
Puerto Rico T White/Apricot 4’- 6’ 4’
Reve d’Or OGR N Buff Yellow 10’ - 18’ 5’
Souvenir de St. Anne’s OGR B Light Pink 3’- 4’ 2’ - 3’
Spice OGR CH Blush Pink 3’ - 5’ 3’- 4’
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Landscape Application of a Manufactured Topsoil 
Composed of Harbor Dredge and Biosolids
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U.S. Army Corps of Engineers, Vicksburg MS
olivejw@auburn.edu
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Signifi cance to Industry: Data indicate that all of the manufactured topsoils 
evaluated are suitable for use in the landscape for the growth of lantana and 
porterweed. Although there were some differences in plant growth among the 
dredge sources, all mixes evaluated produced plants equal to or larger than the 
industry standard ground pine bark. Manufactured soils blended with dredge and 
biosolids provide a free and regionally available source of topsoil for landscape 
beds and new construction sites. The structure of the mineral components in 
dredge blends may help them retain bed shape longer than beds made from 
100% organic matter. Disadvantages of manufactured soils include possible 
weed infestations and variability due to different materials from different confi ned 
placement facilities (CPFs). New equipment for blending and spreading the 
heavier manufactured soils may also be required. 

Nature of the Work: The U.S Army Corps of Engineers dredges approximately 
400 million cubic meters of sediment from the Nation’s waterways annually (1). 
The sediment is stored in confi ned placement facilities (CPFs). Mobile, AL has 
several CPFs with accumulated sediment from Mobile Bay. The purpose of this 
work was to evaluate manufactured soils blended from dredge collected from 
several CPFs and combined with class A biosolids and composted chipper waste. 

Landscape beds were established in June 2004 and planted in July 2004. 
Dredge material from 3 CPFs, identifi ed as South Blakeley, North Blakeley, and 
Mud Lake was evaluated and ground pine bark was used as an industry standard 
control. A randomized complete block design with 5 replication beds was utilized. 
Each plot was 5 feet x 4 feet and the manufactured soils were applied 4 inches 
deep and tilled in. All of the manufactured soil treatments consisted of 70% 
dredge collected from 3 CPF’s in Mobile, AL, 10% cellulose from composted 
chipper waste and 20% class A biosolids from Mobile Area Water and Sewer 
System. All treatments were amended with 1.07 lbs ammonium sulfate and 0.67 
lbs dolomitic limestone per cubic yard of manufactured soil. Each 20 square foot 
plot was planted with two 3.25” liners each of lantana (Lantana camara ‘New 
Gold’) and porterweed (Stacytarpheta sp.). Beds were fertilized with 1.5 lbs 
Harrells 12-6-8 fertilizer 4 August. Final growth indices were taken 1 October. 
Growth parameters were analyzed using SAS and Duncan’s Multiple Range to 
separate mean differences.

Results and Discussion: Both blue porterweed and ‘New Gold’ lantana 
performed well in all of the manufactured soils evaluated; however, there were 
differences in the growth measurements recorded (Table 1). On 12 September, 
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the Mud Lake treatment produced plants with the smallest growth index, but by 1 
October they were similar in size to the industry standard. Only the South Blakely 
1 mixture produced larger plants. There were no differences in growth indices 
with any of the mixtures on 12 September with ‘New Gold’ lantana. Differences in 
growth indices of lantana were recorded on 1 October. Lantana with the largest 
growth index on 1 October were from the Mud Lake blend and the smallest plants 
were grown in the industry standard. 

Literature Cited:

1. Sturgis, T. C., C. R. Lee, H. C. Banks Jr., K. Johnson, J. P. Langan. S. I. 
Rees, and C. Dyess. 2002. Evaluation of manufactured soil using dredged 
material from confi ned placement facilities in Mobile, Alabama. Phase 1: 
Greenhouse Bench-Scale Test. ERDC/EL TR-02-12 U.S. Army Corps of 
Engineers.

Table 1. The effect of fi ve manufactured soils and ground pine bark on growth of 
‘New Gold’ lantana and blue porterweed grown in landscape beds.

Growth Index 1, 2

Blue Porterweed ‘New Gold’ Lantana

Treatment 12 Sept12 Sept 1 Oct 12 Sept12 Sept 1 Oct

1. South Blakeley (1) 53.40 a 65.73 a 70.90 a 84.73 b

2. South Blakeley (2) 48.17 ab 61.40 ab 67.43 a 89.9 ab

3. North Blakeley (1) 51.83 a 59.37 ab 70.22 a 92.77 ab

4. North Blakeley (2) 47.23 ab 59.50 ab 73.80 a 91.23 ab

5. Mud Lake 39.87 b 51.43 b 70.53 a 94.53 a

6. Ground Pine Bark 51.97 a 61.70 ab 72.97 a 62.78 c
1.Growth index (cm) is height x width 1 x width 2 (perpendicular to width 1)/3
2. Means within columns followed by the same letter are not signifi cantly different according to Duncan’s 
Multiple Range test (P = 0.05)
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Cold Hardiness of Encore Azaleas®

in Zones 6a and 6b
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Signifi cance to Industry: Encore Azaleas® are a popular series of azaleas in ® are a popular series of azaleas in ®

the deep-South because they process multiple bloom cycles each year. This 
research reports that some cultivars of this series may be suitable for landscapes 
in zones 6a and 6b. 

Nature of Work: Encore Azaleas® have gained popularity throughout the deep-® have gained popularity throughout the deep-®

South due to their ability to have more than one bloom cycle. These azaleas 
were developed by Mr. Robert E. Lee, Independence, LA, and are distributed by 
PDSI, Loxley, AL. Currently there are twenty-one cultivars of Encore Azaleas®

and these cultivars differ in fl ower color, size and growth habit. 

Encore Azaleas® are rated for zones 7-9. However, the authors have observed ® are rated for zones 7-9. However, the authors have observed ®

these plants being sold in garden centers in central and eastern Tennessee 
(zone 6b). The objective of this study is to determine if Encore Azaleas® differed ® differed ®

in winter hardiness in zones 6a and 6b at different locations in Tennessee. This 
paper will present data from year one of a three year study.

Landscape beds were prepared at fi ve locations (Table 1) in Tennessee and 
twenty-one cultivars of Encore Azaleas® (Table 2) were transplanted into these ® (Table 2) were transplanted into these ®

beds in May to June, 2004. The plants were mulched (2-3 inches) with either 
softwood or hardwood bark to aid in water retention. Plants were irrigated with 
drip irrigation during the summer and fall months as needed. In late April-to early 
May of 2005, plants were rated for cold hardiness using the following scale: 
0 = no damage, 1= <10% shoots with tip burn or fl ower bud damage, 2=>10% 
shoots with tip burn or fl ower bud damage, no bark splitting, 3= >10% shoots with 
tip burn or fl ower bud damage and bark splitting on damaged shoots, 4= <50% 
shoots with tip burn or fl ower damage and bark splitting on damaged shoots, 
5= >50% shoots with tip burn or fl ower damage and bark splitting on damaged 
shoots, and 6 = dead plant. Data were analyzed using Proc ANOVA. 

Results and Discussion: No damage was observed at either location in 
Knox County (zone 6b) and data for these locations are not presented. At the 
Cumberland County location (zone 6a) all plants were severely damaged by a 
late freeze (April 26-28, 2005) that had been preceded by several weeks of warm 
weather and data is not presented in this report. Data for White County (6b) and 
Claiborne County (zone 6a) are reported in Table 2. Although White County is 
rated 6b, White County is marginal between zone 6a and 6b. Plants in White 
County are normally exposed to colder temperatures for longer durations of time 
than plants in Knox County. This probably accounts for differences observed in 
the three zone 6b locations. 
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Eight cultivars of Encore Azaleas® (‘Amethyst’, ‘Carnation’, ‘Debutant’, ‘Royalty’, 
‘Sangria’, ‘Sunset’, Sweetheart’, and ‘Twist’) were signifi cantly more winter 
hardy than other cultivars at both the Cumberland and Smith County locations. 
The cultivars ‘Angel’, ‘Carnival’, ‘Cheer’, ‘Empress’, ‘Princess’, and ‘Ruby’ were 
also rated in the highest hardiness group in one county or the other but not in 
both. The reason for these discrepancies is unknown, however part of the wide 
clustering of means for cultivars within each location was due to low replication 
numbers (three). 

Although data presented in this paper are preliminary (one year’s data from a 
three year study), eight cultivars with the Encore Azaleas® series differ in winter ® series differ in winter ®

hardiness at both reported locations. If these cultivars continue to perform as 
they have during the winter of 2004-2005, they will increase landscape choices 
throughout much of the mid-South.

Table 1. Locations of Encore Azaleas® plantings in Tennessee (transplanted ® plantings in Tennessee (transplanted ®

in 2004).

Location Type of Landscape Zone
Claiborne County Full Sun 6a
Cumberland County Full Sun 6a
Knox County Full Shade 6b
Knox County Partial Shade 6b
Smith County Partial Shade 6b
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Table 2. Comparison of winter hardinessz among cultivars of Encore Azaleas® in ® in ®

Smith and Claiborne Counties in Tennessee.

Cultivar Cumberland Countyx Smith County
Amethyst  2.0 ab  1.3 a
Angel  1.7 ab  3.3 bcd
Bravo  3.3 bcd  3.3 bcd
Carnation  2.0 ab  1.7 ab
Carnival  3.3 bcd  2.3 a
Cheer  2.3 abc  3.3 bcd
Chiffon  5.0 d  3.3 bcd
Coral  3.7 cd  4.0 cd
Debutant  2.3 abc  3.3 bcd
Embers  3.3 bcd  5.0 d
Empress  2.7 abc  4.7 d
Monarch  3.7 cd  5.0 d
Princess  2.3 abc  3.3 bcd
Rouge  3.3 bcd  3.3 bcd 
Royalty  1.3 a  1.0 a
Ruby  1.7 ab  4.3 cd
Sangria  2.0 ab  1.3a
Starlite  4.3 d  5.7 d
Sunset  1.7 ab  1.3 a
Sweetheart  2.0 ab  2.7 abc
Twist  2.3 ab  1.7 ab

z Winter hardiness was estimated using the following scale: 0 = no damage, 1= <10% shoots with tip 
burn or fl ower bud damage, 2=>10% shoots with tip burn or fl ower bud damage, no bark splitting, 
3= >10% shoots with tip burn or fl ower bud damage and bark splitting on damaged shoots, 4= <50% 
shoots with tip burn or fl ower damage and bark splitting on damaged shoots, 5= >50% shoots with tip 
burn or fl ower damage and bark splitting on damaged shoots, and 6 = dead plant. 

x With columns, numbers followed by the same letter do not differ signifi cantly (p=0.05) according to 
Student Newman Kuel Test.



Landscape Section 489

SNA RESEARCH CONFERENCE - VOL. 50 - 2005

Hardy Fern Trials in Northwest Florida

Regina B. Sisler, Mack Thetford, James L. Gibson, 
Shannon Crowley and Barry Ballard

West Florida Research and Education Center, Institute of Food and 
Agricultural Sciences, Milton Campus, 

5988 Highway 90, Building 4900, Milton, FL 32583
thetford@ufl .edu

Index Words: Dryopteris, Polystichum, Cyrtomium, Athyrium, Osmunda, 
Arachnoides, Cheilanthes, Selaginella, Theylpteris

Nature of Work: The popularity of gardening with ferns and fern allies has 
grown in the Southeastern U.S. and this has resulted in a considerable increase 
in production and sales of these products over the past fi ve years. Current 
recommendations for fern culture often suggest plant be grown in cooler areas 
of the garden, usually in deep shade or to the north side of the structure. Some 
publications warn to never expose ferns to full sun in summer (2). The objectives 
of this project were to evaluate garden performance of a diverse collection of 
begonia and hardy ferns or fern allies. An experiment was initiated in 2004 to 
better understand the relationship between sun and shade exposure and fern 
performance. Information from this project would be a major benefi t to the hardy 
landscape fern production industry and also address the home consumer market.

The experiment included sixteen hardy ferns or fern allies planted in a 
randomized complete-block design with three plants per block and three blocks 
per cultivar with four exposure treatments (36 plants per cultivar) (Table 1). 
Transplants were planted into compost-amended ground beds on 28 June. At 
planting, 4-inch, gallon, or 8-inch squat pots of hardy ferns and fern allies were 
spaced on 24 inch centers. Exposure treatments were designed to explore plant 
performance in sun or shade locations with and without supplemental irrigation. 
From June to October 2004 plants were evaluated in garden soil 20 miles from 
the Gulf of Mexico at the West Florida Research and Education Center (WFREC) 
in Milton. Eighteen grams of 14-14-14 (14N-6.2P-11.6K) (Harrell’s, Lakeland, FL), 
was incorporated around each newly planted entry. All plots received overhead 
irrigation from 28 June to 15 November for establishment. However, irrigation 
treatments remained constant in this fi rst growing season so the fi rst year of the 
trial would provide information only on the effects of full sun or shade exposure. 
Glyphosate was used to control weeds.

Plants were evaluated for height, basal width, foliage width, and a subjective 
visual evaluation of foliage quality following establishment. (1 to 5 scale, 
1 = excellent, 5 = poor). Data were collected on 28 July and 26 August. 
Subsequent data collection was not possible in 2004 following the impact of 
Hurricane Ivan. Interaction of main effects and differences between means were 
analyzed using the PROC GLM and LSMeans procedures of SAS. 

Results and Discussion: Most ferns and fern allies performed differently under 
the two sun exposures (Tables 2 and 3). By July, fern height was reduced for 
several species (autumn fern, shaggy shield fern, dixie wood fern, tassel fern, 
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Christmas fern, Japanese painted fern, and cinnamon fern) when grown in full 
sun. A similar trend was evident with foliage width; foliage width was reduced 
in the sun for all but two species. Royal fern and desert lip fern foliage width 
remained similar among both sun and shade plots through July. By August, the 
foliage height of Japanese holly fern, variegated holly fern and golden selaginella 
were much reduced, while the southern wood fern experienced an increase in 
foliage height when grown in the full sun. In general, foliage of plants in the full 
sun plots was not as wide as those grown in the shade. Visual quality ratings 
were useful in evaluating landscape appearance. Most ferns in the shade plots 
received a rating less than 3 with a few exceptions. Christmas fern, Japanese 
painted fern and the desert lip fern all received visual quality ratings greater than 
3. In July, ferns that received similar ratings in both the shade and sun plots 
included dixie wood fern, Christmas fern, Japanese painted fern, cinnamon fern, 
royal fern, arborvitae fern, and southern wood fern. Most ferns grown in the full 
sun received visual quality ratings greater than 3 in July. Royal fern, arborvitae 
fern, and southern wood fern were notable exceptions. Full sun use of cinnamon, 
royal and southern shield ferns has previously been suggested if constant 
moisture is available (1). However, by August, only the arborvitae fern received 
a visual quality rating less than 3. Visual quality ratings for ferns and fern allies 
were a good indicator of fern performance in sun or shade. While this is only 
the fi rst growing season under these conditions, there appears to be a potential 
to use royal fern, arborvitae fern, and southern wood fern in a more direct sun 
landscape position in our north Florida landscapes. 

Signifi cance to Industry: Fern trials have confi rmed the need to site most fern 
and fern allies in a shady garden location. In addition ferns have been identifi ed 
that may be tolerant of much brighter landscape positions. Subsequent data 
collection to monitor the long-term survival and growth of these plants in both 
shade and sun locations will be continued. This data should provide additional 
information to better understand the relationship between sun and shade 
exposure and long term fern performance. 

Appreciation is given to Tom Dodd Nurseries, Semmes, Al and Casa Flora, 
Apopka, Fl for supplying the ferns, Harrell’s for the fertilizer, and Bruce Furlow, 
Allen Hayden and northwest Florida Master Gardeners for their technical support.

Literature Cited:

1.  Slater, Rebecca. 2003. Hardy Ferns. Clemson Extension Fact Sheet, 
HGIC 1176.

2.  Thomas, Paul A. and Mel P. Garber. 1999. Growing Ferns, University of 
Georgia Extension Service, Bulletin 737.
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Table 1. Scientifi c and common names of 16 Fern or Fern Allies trialed in shade 
and full sun.

Scientifi c Name Common Name

Dryopteris lidoviciana Southern Shield Fern

Dryopteris erythrosora Autumn Fern

Dryopteris cycadina Shaggy Shield Fern

Dryopteris x australis Dixie Wood Fern

Polystichum polyblepharum Tassel Fern

Polystichum acrestichoides Christmas Fern

Cyrtomium falcatum ‘Rochfordianum’ Japanese Holly Fern

Athyrium miponicum ‘Pictum’ Japanese Painted Fern

Osmunda cinnamomea Cinnamon Fern

Osmunda regalis Royal Fern

Arachniodes simplicior ‘Variegata’ Variegated Holly Fern

Cheilanthes argentea Desert Lip Fern

Selaginella kraussiana ‘Aurea’ Golden Selaginella

Selaginella braunii Arborvitae Fern

Thelypteris kunthii Southern Wood Fern

Thelypteris decursive-pinnata Japanese Beech Fern
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Begonia Trials in Northwest Florida

Regina B. Sisler, Mack Thetford, James L. Gibson, 
Shannon Crowley and Barry Ballard

West Florida Research and Education Center, 
Institute of Food and Agricultural Sciences, Milton Campus, 

5988 Highway 90, Building 4900, Milton, FL 32583
thetford@ufl .edu

Index Words: Begonia, Begonia bowerii, Begonia heracleifolia, 
Begonia ricinifolia

Nature of Work: The popularity of gardening with begonias has grown in the 
Southeastern U.S. and this has resulted in a considerable increase in production 
and sales of these plants over the past fi ve years. Current recommendations for 
landscape use of begonias suggests plants grow well in partial shade and in a 
moist, well-drained soil and include a warning that some will burn if the light is too 
intense (1). The objectives of this project were to evaluate garden performance 
of a diverse collection of begonia. Two experiments were initiated in 2004 to 
better understand the relationship between sun and shade exposure and begonia 
performance. Information from this project would be a major benefi t to the 
begonia production industry and also address the home consumer market.

The experiment included sixteen begonia planted in a randomized complete-
block design with three plants per block and three blocks per cultivar with 
four exposure treatments (36 plants per cultivar) (Table 1). Transplants were 
planted into compost-amended ground beds on 28 June. At planting, 4-inch 
containers of begonia were spaced on 24 inch centers. Exposure treatments 
were designed to explore plant performance in sun or shade locations with 
and without supplemental irrigation. From June to October 2004 plants were 
evaluated in garden soil 20 miles from the Gulf of Mexico at the West Florida 
Research and Education Center (WFREC) in Milton. Eighteen grams of 14-14-14 
(14N-6.2P–11.6K) (Harrell’s, Lakeland, FL), was incorporated around each newly 
planted entry. All plots received overhead irrigation from 28 June to 15 November 
for establishment. However, irrigation treatments remained constant in this fi rst 
growing season so the fi rst year of the trial would provide information only on the 
effects of full sun or shade exposure. Glyphosate was used to control weeds.

Plants were evaluated for height, basal width, foliage width, and a subjective 
visual evaluation of foliage quality following establishment. (1 to 5 scale, 
1 = excellent, 5 = poor). Data were collected on 30 July and 31 August. 
Subsequent data collection was not possible in 2004 following the impact of 
Hurricane Ivan. Interaction of main effects and differences between means were 
analyzed using the PROC GLM and LSMeans procedures of SAS. 

Results and Discussion: Most begonias were not tolerant of the full sun 
exposure (Tables 2 and 3). By July, the full sun exposure had a consistent effect 
on plant size for most of the begonia in this trial. In general, plant height did not 
differ while plant width was reduced when plants were grown in full sun. Five 
notable exceptions were the richmond, ‘Magdalene Madsen’, ‘Mirage’, ‘Can Can’, 
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and ‘Silver Queen’ begonias. These plants all experienced a decrease in height 
and width while all of the ‘Can Can’ were dead by July. The poor performance 
of plants in the full sun plots was evident in the visual quality ratings where all 
but two selections received a rating of three or grater. ‘Arabian Sunset’ begonia, 
a cane type selection with dark burgundy foliage, and giant hardy begonia, a 
large-leafed rhizomatous species with green foliage, each received visual quality 
ratings of 2.2 and 2.4 respectively. By July, all begonias grown in shade plots 
were well established and received a visual quality rating less than three. A 
similar pattern of performance was evident in August. All ‘Red Robin’ begonias 
from the sun plots died by August and the visual quality ratings remained 
above 3 for the majority of the selections tested. ‘Arabian Sunset’ begonia and 
giant hardy begonia continued to perform well in the full sun with visual quality 
ratings of 2.5 and 2.9 respectively. The most common types of begonias grown 
outside are the fi brous rooted or wax begonias and those with bronze foliage are 
considered to perform better in the sun than green varieties (1). It is interesting 
to note the two begonias maintaining a high visual quality rating in the full sun 
plots represent both a cane-type selection with deep burgundy foliage and a 
rhizomatous species with light green foliage.

Signifi cance to Industry: Begonia trials have confi rmed the need to site most 
begonia in a shady garden location. In addition begonias have been identifi ed 
that may be tolerant of much brighter landscape positions. Subsequent data 
collection to monitor the long-term survival and growth of these plants in both 
shade and sun locations will be continued. This data should provide additional 
information to better understand the relationship between sun and shade 
exposure and long term begonia performance. 

Appreciation is given to Harrell’s for the fertilizer, and Bruce Furlow, Allen Hayden 
and northwest Florida Master Gardeners for their technical support.

Literature Cited:

1. Russ, Karen and Al Pertuit. 1999. Begonia. Clemson Extension Publication, 
HGIC 1159.
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Table 1. Scientifi c and common names of 16 Begonias trialed in shade and 
full sun.

Scientifi c Name Common Name

Begonia richmondensis Richmond Begonia

Begonia x ‘Arabian Sunset’ Arabian Sunset Begonia

Begonia x ‘Esther Albertine’ Esther Albertine Begonia

Begonia x ‘Magdalene Madsen’ Magdalene Madsen Begonia

Begonia sceptrum White Cane Begonia

Begonia x ‘Mirage’ Mirage Begonia

Begonia x ‘Margaritae’ Margaritae Begonia

Begonia x ‘Can Can’ Can Can Begonia

Begonia x ‘Silver Queen’ Silver Queen Begonia

Begonia x ‘Red Robin’ Red Robin Begonia

Begonia x ‘Lalomie’ Lalomie Begonia

Begoia bowerii Eyelash Begonia

Begonia x’Popenoei’ Giant Hardy Begonia

Begonia heracleifolia Star Begonia 

Begonia ricinifolia Castor Bean Begonia

Begonia sp. White Flowering Begonia
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Landscape Performance of Coleus 
Cultivars – 2003 and 2004

Allen Owings, Anthony Witcher and Allen Broyles
LSU Agricultural Center, Baton Rouge, LA 70803

aowings@agctr.lsu.edu

Index Words: Coleus (Solenostemon scutellaroides), Landscape Performance

Signifi cance to Industry: Coleus introductions are continuing at a rapid pace. In 
addition to the cultivars studied here, new vegetatively propagated cultivars have 
been introduced in the last couple years. The new seed propagated ‘Kong’ coleus 
has also renewed interested in coleus for shady settings. Additional work is 
being conducted at the LSU AgCenter to evaluate these cultivars. New cultivars 
from Proven Winners, Athens Select, GroLinks (COLEUSA program), and Ball 
FloraPlant are being evaluated in 2005 and this effort will be expanded in 2006.

Nature of Work: A landscape trial evaluating the performance of sun coleus 
cultivars was conducted in 2003 and 2004 at the LSU AgCenter’s Burden Center 
in Baton Rouge, LA. Cultivars evaluated both years included the vegetatively 
propagated ‘Solar’, ‘Hurricane’, and ‘Stained Glassworks’ series. Also, the new 
seed propagated ‘Kong’ series was evaluated in 2004. 

‘Solar’ cultivars evaluated in 2003 and 2004 were ‘Eclipse’, ‘Millennium Red’, 
‘Flair’, ‘Furnace’, ‘Sunrise’, ‘Shadow’, ‘Storm’, ‘Radiant’, ‘Red’, ‘Shade’, and 
‘Spectrum’. ‘Hurricane’ cultivars studied were ‘Benji’, ‘Jenni’ and ‘Louise’. 
Cultivars from the ‘Stained Glassworks’ series evaluated were ‘Grace Ann’, ‘Tilt a 
Whirl’, ‘Kiwi Fern’, ‘Touch of Class’, ‘Cooper’, ‘Fright Night’, ‘Oompah’, and ‘South 
of the Border’. 

Four inch pots of rooted coleus liners were planted in early April 2003, late March 
2004 and August 2004 in four foot wide raised landscape rows composed of an 
Olivier silt loam soil. The beds were located in full sun. Plants received irrigation 
as needed to prevent stress during the growing season via a drip system. Plants 
were individually spaced 24 inches apart and included 3 plants per cultivar. Rows 
were mulched with 2 inches of baled pine straw. In the 2003 study, StaGreen 
Nursery Special 12-6-6 at the rate of 1 lb N/1000 square feet was applied at 
planting and at the rate of 0.5 lb N/1000 square feet in early June. In 2004, the 
spring planting was fertilized at planting at the 1 lb N/1000 square feet rate with 
StaGreen Nursery Special 12-6-6 and the late summer planting was fertilized at 
planting with the same fertilizer and rate. Plants were not dead headed or pruned 
during the growing season and no insecticides and fungicides were applied for 
insect and disease management, respectively. Weed control was accomplished 
via hand removal, season granular application of benefi n + oryzalin (Amaze®

from Green Light) at the label recommended rate, and spot applications of 
glyphosate (Prosecutor®glyphosate (Prosecutor®glyphosate (Prosecutor  from Lesco).

Plants in the 2003 study were evaluated through September while the spring 
2004 planting was evaluated through July and the late summer 2004 planting 
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was evaluated through October. Visual quality ratings were made twice monthly 
and were based on a scale from 1 to 5 with 1=unacceptable, 2=below average, 
3=average, 4=above average, and 5=superior landscape performance. 

A separate study in 2004 evaluate sun vs. shade performance of cultivars 
(‘Rose’, ‘Scarlet’, ‘Red’, ‘Green’, and ‘Mosaic’) in the ‘Kong’ series. Twelve 
individual liners of seed propagated plants growing in jumbo six packs were 
planted in raised landscape beds composed of fi ne grade pine bark over an 
Olivier silt loam soil. A full sun planting verses a 50% shade cloth planting was 
included. StaGreen Nursery Special 12-6-6 at the rate of 1 lb N/1000 square 
feet was applied at planting. Weed control, insect management, and disease 
management were the same for this study as previously described. Plants were 
irrigated (as needed) via overhead spray stakes to prevent stress. Plants were 
rated twice monthly from September – November as previously described.

Results and Discussion: Kong coleus performed much better in shade than 
in full sun (Table 3). ‘Kong Red’, ‘Kong Scarlet’ and ‘Kong Rose’ were the better 
performing cultivars. Order of fl owering in landscape evaluation of ‘Kong’ coleus 
in 2004 was ‘Green’ (fi rst), ‘Red’, ‘Mosaic’, ‘Rose’ and ‘Scarlet’ (last).

Generally, ‘Solar’ series coleus out-performed ‘Stained Glassworks’ and 
‘Hurricane’ series cultivars (Table 1). ‘Solar’ cultivars have been good performers 
in previous trials (1, 2). Data from 2003 (Tables 1) was similar to data from 
2004 (not shown). ‘Solar Shade’ performed the worst of the series, while ‘Solar 
Sunrise’, ‘Solar Millennium Red’ and ‘Solar Shadow’ were the best. ‘Solar 
Millennium Red’ did not perform as well in 2004 as it did in 2003. The ‘Stained 
Glasswork’ series was better than the ‘Hurricane’ series. The ‘Hurricane’ series 
cultivars and some of the ‘Stained Glassworks’ series cultivars lacked the vigor of 
other cultivars and were especially lacking when compared to the ‘Solar’ group.

In fl owering, ‘Hurricane Louise’ was slower to fl ower than the other two 
‘Hurricane’ cultivars (Table 2). Flowering varied within the ‘Stained Glassworks’ 
and ‘Solar’ series also. ‘Grace Ann’, ‘Kiwi Fern’ and ‘Cooper’ fl owered later than 
other ‘Stained Glassworks’ cultivars. ‘Shadow’, ‘Millennium Red’ and ‘Sunrise’ 
were slowest to fl ower in the ‘Solar’ series.

Literature Cited:

1. Coker, Christine E., Patricia R. Knight, and John M. Anderson. 2005. 
Landscape performance of sun coleus in southern Mississippi. 
HortTechnology. 15(3):690-693.

2. Owings, Allen D., Peggy J. Cox, and Kris M. Leader. 1999. Landscape 
performance of coleus cultivars. Proc. Southern Nursery Assoc. Res. Conf. 
44:433-435.
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Table 1. Landscape performance evaluation of coleus cultivars – 2003.

 Visual Quality Rating
Cultivar 6/15 7/1 7/15 8/1 8/15 9/1 9/15

Hurricane Series
‘Benji’ 2.5 3.0 3.0 3.0 3.0 3.0 3.0
‘Jenni’ 2.5 3.0 3.0 3.5 3.5 3.0 3.0

‘Louise’ 3.0 3.5 3.5 3.5 3.5 3.5 3.5
Glassworks Series

‘Grace Ann’ 3.0 3.0 3.0 3.0 3.0 3.0 3.5
‘Tilt A Whirl’ 3.0 3.0 3.0 3.0 3.0 3.0 3.5
‘Kiwi Fern’ 3.0 3.5 3.5 3.5 3.5 3.0 3.5

‘Touch of Class’ 3.5 3.5 4.0 4.0 3.5 3.5 3.5
‘Cooper’ 3.0 3.0 3.5 3.5 3.0 3.0 3.0

‘Fright Night’ 3.5 3.5 3.5 3.5 3.5 3.0 3.0
‘Oompah’ 3.0 3.0 3.5 3.0 3.0 3.0 3.0

‘South of the Border’ 3.5 3.5 4.0 3.5 3.5 3.0 3.0
Solar Series

‘Eclipse’ 4.0 4.0 4.5 4.5 4.0 4.0 4.0
‘Millennium Red’ 4.0 4.0 4.0 4.5 4.5 4.5 4.5

‘Flair’ 4.0 4.0 4.0 4.5 4.0 4.0 4.0
‘Furnace’ 3.5 4.0 4.0 4.0 4.0 4.0 4.0
‘Sunrise’ 4.0 4.5 4.5 4.5 4.5 4.5 4.5
‘Storm’ 4.0 4.0 4.5 4.5 4.5 4.0 4.0

‘Radiant’ 4.0 4.0 4.0 4.5 4.5 4.0 4.0
‘Red’ 3.5 3.5 3.5 4.0 4.0 4.0 4.0

‘Shade’ 3.0 3.5 3.0 3.0 3.0 3.0 3.0
‘Spectrum’ 3.5 4.0 4.0 3.5 4.0 4.0 4.0
‘Shadow’ 4.0 4.5 4.5 4.5 4.5 4.5 4.5

NOTE: Visual quality rating based on a scale from 1 to 5 with 1=unacceptable, 2=below average, 
3=average, 4=above average, 5=superior landscape performance. 
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Table 2. Season-long fl owering observations for landscape planted coleus 
cultivars - 2003.

Cultivar Flowering Observations
Hurricane Series

‘Benji’ Signifi cant fl owering by mid-August.
‘Jenni’ Signifi cant fl owering by early-August.

‘Louise’ Slower to fl ower than ‘Benji’ and ‘Jenni’
Glassworks Series

‘Grace Ann’ Slower to fl ower than other Glassworks series varieties.
‘Tilt A Whirl’ Flowered mid-season and started again early fall.
‘Kiwi Fern’ Slower to fl ower; started in September.

‘Touch of Class’ Flowering started mid-August.
‘Cooper’ Slower to fl ower, but evident by late August.

‘Fright Night’ Flowered season-long; June – frost.
‘Oompah’ Flowered season-long; July – frost.

‘South of the Border’ Flowered August through fall.
Solar Series

‘Eclipse’ Early fl owering; July-frost.
‘Millennium Red’ Did not fl owering until September 15, 2003; excellent.

‘Flair’ Slow to fl ower but signifi cant by mid-August.
‘Furnace’ Did not fl ower until early September.
‘Sunrise’ Challenged ‘Millennium Red’ for lateness of fl owering.
‘Storm’ Slow to fl ower; started early September.

‘Radiant’ Slow to fl ower; started early September.
‘Red’ Slow to fl ower; started early September.

‘Shade’ Most fl owers of any of the Solar series varieties.
‘Spectrum’ Slow to fl ower; started early September.
‘Shadow’ Challenged ‘Millennium Red’ for lateness of fl owering.

Table 3. Visual quality ratings of late summer planted ‘Kong’ coleus cultivars in 
sun and shade environments.

9/1 9/15 10/1 10/15 11/1
 Full Sun

‘Red’ 2.0 2.5 2.5 3.0 3.0
‘Green’ 2.0 2.5 2.5 2.5 2.5
‘Scarlet’ 2.5 3.0 3.0 3.5 3.5
‘Rose’ 2.0 2.5 2.5 3.0 2.5

‘Mosaic’ 2.0 2.5 2.5 3.0 2.5
 50% Shade

‘Red’ 3.0 3.5 3.5 4.5 4.5
‘Green’ 3.0 4.0 3.5 4.0 3.5
‘Scarlet’ 3.5 4.0 4.5 5.0 5.0
‘Rose’ 3.5 4.0 4.5 5.0 5.0

‘Mosaic’ 3.5 4.0 4.5 4.0 4.0
Note: Visual quality ratings based on scale from 1 to 5 with 1=unacceptable, 2=below average, 
3=average, 4=above average, and 5=superior landscape performance.
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Assessment of Nutrient Absorption Capabilities of 
Nine Ornamental Grasses for Bioretention

Sarah B. Dickinson and Gregory K. Eaton
Virginia Tech, Dept. of Horticulture, Blacksburg, VA 24061

Index Words: Rain Gardens, Phosphorus, Magnesium, Potassium, 
Manganese, Calcium

Signifi cance to Industry: Non-point source pollution from storm water runoff 
in urban and suburban landscapes can be mediated by appropriate scale 
bioretention features such as rain gardens. One of the parameters of rain garden 
design is the capacity of different plants for nutrient absorption and retention. In 
this study, plant species differed in their nutrient removal effi ciency. For example, 
while Festuca glauca ‘Azure’ accumulated the highest percentage of elemental 
phosphorus in its tissue, Setaria macrocheata and Eragrostis corvula removed 
the most phosphorus from soil due to their larger biomass. Our results may be 
used by landscapers or homeowners in designing and planting rain gardens and 
other bioretention features. 

Nature of Work: With an increased need to reduce nutrient and water runoff 
from residential areas, rain gardens have increased in popularity in recent years. 
A rain garden is a strategically placed garden in the landscape which captures, 
absorbs and fi lters water and nutrient runoff from the property. The plants 
present in a rain garden could use excess nutrients which have been applied 
to landscapes and therefore reduce ecological disturbances caused by nutrient 
runoff such as the eutrophication of waterways.

This research assesses the nutrient absorption capabilities of 9 ornamental 
grasses under two different substrates: Promix® (a nutrient-poor, mostly sterile 
media) and McEnroe GrowLite® with 20% vermicompost (Gro-verm, a microbial- ® with 20% vermicompost (Gro-verm, a microbial- ®

and nutrient-rich substrate); crossed with two irrigation sources: well water and 
wastewater from a recirculating aquaculture facility (green water). The grasses 
were started from seed in 18 cell fl ats on March 4, 2005. The fl ats were arrayed 
on ebb and fl ow benches as a simulated wetland. The benches were irrigated 
every two days and nutrient load of each water source was sampled prior to 
irrigation, and again as effl uent from the benches. Water chemistry results are 
not reported here. Grass height was measured on May 11, 2005 and harvest 
took place May 19, 2005. Shoots and roots were dried to a constant mass and 
weight was recorded. The shoots were then analyzed for phosphorus, calcium, 
magnesium, manganese, and potassium at the Virginia Tech Soil and Plant 
Testing Lab. Data were analyzed with full-factorial ANOVA with substrate, water 
source and plant species as main categorical variables.

Results and Discussion: Across all treatments Festuca glauca ‘Azure’ had the 
highest percentage of phosphorus in its shoot tissue. Panicum clandestinum
had the highest percentage of magnesium, potassium, calcium and manganese 
in the most nutrient poor conditions (Promix + well water). These plants may 
have greater nutrient uptake effi ciency in rain gardens. In all treatments, 



504 Landscape Section

SNA RESEARCH CONFERENCE - VOL. 50 - 2005

Eragrostis corvula and Setaria macrocheata had the greatest biomass and took 
up greater total amounts of nutrient elements. So in rain gardens where space 
does not limit the ultimate size of plants, these plants would provide better total 
nutrient removal.

Tables 1-4 provide the mean nutrient element percentage in shoots and total 
shoot nutrients (% multiplied by total shoot mass) for all grasses. Regression 
analysis on total shoot nutrients over total shoot mass for each grass across all 
treatments was also performed (data not shown). In these analyses, the slope 
of linear regressions corresponded with nutrient absorption effi ciency, and again 
Festuca glauca ‘Azure’ was most effi cient in removing phosphorus from soil. 

Literature Cited:

1. Rosart S, Kalman, S. 1992. The Encyclopedia of Ornamental Grasses: 
How to Use and Grow over 250 Beautiful and Versatile Grasses. Michael 
Friedman Publishing Group, Inc. New York. 

2. Thompson K, Parkinson, J. 1997. A comparative study of leaf concentrations 
in a regional herbaceous fl ora. New Phytol. 136:679-689. 

Table 1. Mean percentage of nutrient elements in shoots, and total shoot element 
contents for 9 varieties of ornamental grasses grown in a nutrient-rich substrate 
and irrigated with effl uent from recirculating aquaculture. Highest numbers in any 
column are bold.

Gro-verm and Green

Mg P K Ca Mn

Plant Code* % Total % Total % Total % Total % Total

eracor 0.10 6.15 0.16 9.91 1.66 99.81 0.16 9.45 0.0015 0.0920

fesglaAZ 0.25 0.46 0.59 1.08 4.54 8.77 0.69 1.23 0.0042 0.0084

pancla 0.28 3.17 0.29 3.15 4.04 47.49 0.34 3.91 0.0028 0.0334

schsco 0.22 2.07 0.29 2.45 3.81 33.88 0.41 3.53 0.0056 0.0442

setmac 0.28 26.24 0.21 19.28 2.84 265.73 0.28 26.45 0.0022 0.2025

panvirAL 0.35 15.45 0.19 8.65 2.69 120.06 0.28 12.68 0.0024 0.1045

panvirKC 0.37 6.47 0.27 4.77 3.78 68.67 0.29 5.02 0.0023 0.0437

panvirTB 0.28 7.54 0.21 5.65 3.04 81.24 0.31 8.43 0.0018 0.0476

panvirWILD 0.38 9.33 0.30 6.66 3.48 86.95 0.30 7.35 0.0026 0.0605
*plant code designations for all tables:
eracor = Eragrostis corvula, Weeping Love Grass
fesglaAZ = Festuca glauca ‘Azure’, Sheep’s Fescue
pancla = Panicum clandestinum, Deertongue Grass
schsco = Schizachyrium scoparium, Sedge Grass
setmac= Setaria macrocheata, Foxtail Millet 
panvirAL= Panicum virgatum, ‘Alamo’ Switchgrass 
panvirKC= Panicum virgatum, ‘Kanlow’ Switchgrass 
panvirTB= Panicum virgatum, ‘Trailblazer’ Switchgrass 
panvirWILD= Panicum virgatum, Switchgrass 
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Table 2. Mean percentage of nutrient elements in shoots, and total shoot element 
contents for 9 varieties of ornamental grasses grown in a nutrient-rich substrate 
and irrigated with well water. Highest numbers in any column are bold.

Gro-verm and Well

Mg P K Ca Mn

Plant Code* % Total % Total % Total % Total % Total

eracor 0.12 6.73 0.17 9.63 1.47 82.14 0.25 13.69 0.0027 0.1461

fesglaAZ 0.19 0.70 0.57 2.10 3.95 14.82 0.70 2.17 0.0068 0.0229

pancla 0.33 1.82 0.50 2.16 4.90 30.28 0.50 3.16 0.0053 0.0264

schsco 0.18 0.57 0.33 0.94 3.96 11.99 0.32 0.95 0.0062 0.0216

setmac 0.28 18.30 0.20 13.18 2.84 184.10 0.32 20.76 0.0028 0.1798

panvirAL 0.35 11.93 0.27 9.58 3.18 110.37 0.31 10.70 0.0056 0.1939

panvirKC 0.46 4.03 0.45 4.10 4.89 46.65 0.68 5.81 0.0039 0.0378

panvirTB 0.31 7.11 0.27 6.34 3.56 84.29 0.29 6.88 0.0032 0.0740

panvirWILD 0.39 5.12 0.35 4.63 4.01 52.16 0.27 3.53 0.0028 0.0361

Table 3. Mean percentage of nutrient elements in shoots, and total shoot element 
contents for 9 varieties of ornamental grasses grown in a nutrient poor substrate 
and irrigated with effl uent from recirculating aquaculture. Highest numbers in any 
column are bold.

Promix and Green

Mg P K Ca Mn

Plant Code* % Total % Total % Total % Total % Total

eracor 0.17 3.23 0.15 2.87 0.91 18.49 0.43 8.16 0.0017 0.0355

fesglaAZ 0.34 0.34 0.51 0.53 2.57 2.67 0.98 1.14 0.0046 0.0050

pancla 0.36 1.28 0.32 0.99 2.64 9.61 1.00 2.71 0.0126 0.0383

schsco 0.42 0.22 0.26 0.14 2.06 1.10 1.05 0.54 0.0086 0.0046

setmac 0.25 4.52 0.20 3.52 2.66 47.46 0.31 5.41 0.0013 0.0252

panvirAL 0.22 1.33 0.14 0.83 1.74 10.76 0.37 2.21 0.0037 0.0229

panvirKC 0.17 0.71 0.16 0.61 2.10 8.84 0.45 1.76 0.0063 0.0210

panvirTB 0.19 3.25 0.14 1.89 1.73 27.68 0.34 4.65 0.0027 0.0567

panvirWILD 0.26 1.07 0.18 0.71 1.97 8.30 0.46 1.75 0.0036 0.0122
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Table 4. Mean percentage of nutrient elements in shoots, and total shoot element 
contents for 9 varieties of ornamental grasses grown in a nutrient poor substrate 
and irrigated with well water. Highest numbers in any column are bold.

Promix and Well

Mg P K Ca Mn

Plant Code* % Total % Total % Total % Total % Total

eracor 0.23 2.12 0.23 2.01 0.74 8.40 0.76 6.82 0.0061 0.0457

fesglaAZ 0.31 0.28 0.55 0.50 2.64 2.53 0.85 0.81 0.0058 0.0050

pancla 0.41 0.59 0.45 0.86 3.96 5.96 1.06 1.28 0.0181 0.0147

schsco 0.18 0.17 0.13 0.12 0.84 0.78 0.46 0.43 0.0025 0.0023

setmac 0.21 4.09 0.19 3.44 2.56 49.44 0.34 6.68 0.0016 0.0276

panvirAL 0.25 0.71 0.19 0.51 1.87 5.22 0.57 1.64 0.0080 0.0235

panvirKC 0.25 0.51 0.27 0.51 2.32 6.21 0.62 1.17 0.0087 0.0171

panvirTB 0.14 0.46 0.20 0.67 1.55 5.00 0.45 1.61 0.0024 0.0083

panvirWILD 0.23 0.13 0.32 0.18 2.25 1.32 0.86 0.49 0.0045 0.0026
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Landscape Evaluation of Ornamental 
Cabbage, Kale, and Greens

S.S. Harkness and R.C. Sloan
Mississippi State University, North MS Research and 
Extension Center, 5421 Hwy.145 S, Verona, MS 38879

ssh@ra.msstate.edu

Index Words: Flowering

Signifi cance to Industry: Landscapers and consumers plant pansies, dianthus, 
and garden mums in the landscape for fall color. Ornamental cabbage and kale 
have become a fall standard over the past decade (1). Ornamental greens such 
as ‘Charlotte’ swiss chard, ‘Mighty Oak’ lettuce and ‘Mizuna’ mustard give color 
and texture in the garden. Gibson (2) evaluated two kales, mustard, and pak choi 
with success. These ornamental vegetables are useful to growers because they 
are colorful, inexpensive, and can be produced in four to six weeks.

Nature of Work: In the summer of 2003, 13 varieties of cabbage, 14 kale, 
3 radicchio, 4 swiss chard, 2 beets, 3 lettuce, and 1 ornamental mustard 
were planted. The 2004 planting had 12 cabbage varieties, 19 kale, 5 lettuce, 
2 mustard, 5 swiss chard, 3 radicchio, and 1 beet included in the evaluation at 
the North MS Research and Extension Center (NMREC). Plants were grown from 
seed in a greenhouse in 606 inserts containing Metro Mix 366. The plants were 
grown in raised landscape beds. The beds were fertilized monthly with 4 lbs. of 
13-13-13 and 1.5 lb. of 0-0-60/1000 sq. ft. The data were collected monthly from 
October-December. Rainfall was supplemented by overhead irrigation as needed 
to an equivalent of 1” per week. Plants were evaluated once a month and were 
rated using a 1-5 scale in six categories: vigor, foliage, landscape, uniformity, 
and uniqueness. A rating of 0 would indicate no presence of that characteristic; 
1-poor- represents a plant that was performing poorly with no growth or fl owering; 
2-fair- represents a plant that was poorly uniform in growth or fl owering; 3-good- 
represents a plant that in fairly representative of that characteristic; 4-very 
good - represents a plant that is very uniform for that characteristic; 5-excellent- 
represents a plant that is the pinnacle for that characteristic. The growth 
index used to measure size was calculated by: π•r2•h, where r2 =(((width1+ 
width2)/2)/2)2. Width 1 and Width 2 were measured at right angles to each other 
to determine an average plant diameter and h=plant height. The experimental 
design was a randomized complete block with four replications. The experimental 
unit consisted of four plants per variety. 

Results and Discussion: Cabbage ’Savoy Ace’ and ‘Ruby Perfection’ were the 
largest cultivars for both years except for ‘Rona Red’, which was included in the 
group of largest cultivars in 2004. ’Osaka Pink’ was the tallest cultivar in 2003; 
‘Rona Red’ and ‘Savoy Ace’ were the tallest in 2004 (P = 0.05). ‘Tokyo Red’ and 
‘Ruby Perfection’ exhibited the most vigor in 2003 and ‘Osaka White’ and ‘Osaka 
Pink’ were the most vigorous in 2004. ‘Tokyo Red’ rated highest for foliage appeal 
in both years along with ‘Osaka Mix’ in 2003 and ‘Rose Bouquet ‘and ‘Tokyo 
Mix’. ‘Sombrero’ and ‘Tokyo Red’ had the highest landscape rating for 2003 and 
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were among the top ratings in 2004 along with ‘Osaka Red’, ‘Rose Bouquet’, 
’Ruby Perfection’, and ‘Rona Red’. There were no signifi cant differences in 
the uniformity rating for 2003. ’Tokyo Mix’ and ‘Osaka White’ had the highest 
uniformity rating in 2004. ‘Osaka Mix’ and ’Tokyo Red’ had the highest foliage 
ratings in 2003 while ‘Rose Bouquet’, ‘Tokyo Red’, and ‘Tokyo Mix’ had the 
highest rating in 2004.

Kale: ‘Red Russian’ was larger than the other cultivars in the trial in 2003 and 
2004 except for ‘Red Peacock’. ‘Red Russian’ exhibited the greater vigor for 
all cultivars for both years except for ‘Purple Pigeon’, ’Nagoya Red’, and ‘Red 
Peacock’. ‘Red Russian’ had the highest foliage rating for both years except for 
‘Nagoya Red’ and ‘Purple Pigeon’. The landscape rating was highest for ’White 
Peacock’ and ‘Purple Pigeon’ in 2003, but in 2004 ‘White Peacock’ was rated 
higher in landscape appeal than the other cultivars except for ‘Purple Pigeon’. 

Ornamental Greens: ‘Rosso di Verona’ radicchio was the largest cultivar in 2003 
and ‘Bright Lights’ swiss chard had the greatest size in 2004. ‘Red Sails’ lettuce, 
‘Charlotte’ swiss chard, ‘Bright Lights’, and ’Neon Lights’ swiss chard, and ‘Rossa 
di Verona’ radicchio were the tallest. ‘Osaka’ Mustard and ‘Bright Lights’ swiss 
chard showed the most vigor in 2003 while ‘Red Sails’ lettuce, ‘Rossa di Verona’ 
radicchio, and ‘New Red Fire’ lettuce showed the highest vigor rating in 2004. 
‘ Mighty Oak’ lettuce and ‘Osaka Mustard’ rated highest in 2003 for landscape 
rating. ‘Redina’ lettuce and ‘Lolla Rossa’ lettuce had the highest landscape rating 
for 2004. The highest foliage rating went to ‘Charlotte’ swiss chard, ‘Osaka’ 
mustard, ‘Neon Lights’ swiss chard, and Mighty Oak lettuce for 2003. ’Rhubarb’ 
swiss chard, and ‘Lolla Rossa’ lettuce had the highest rated for foliage for 2004. 
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Table1. Ornamental cabbage size for 2003 and 2004.

Cultivar
2003 Size z

(cm)
2004 Size z

(cm) 
Savoy Ace 94993 a y 152761a
Ruby Perfection 94867 a 125172ab
Osaka Red 50659 b 74961 dc
Osaka Mix 49797 bc na
Osaka Pink 47389 b-d 66699 de
Tokyo Mix 42052 b-d 71562 c-e
Point One 385575 b-d 71031 c-e
Osaka White 37643 bcd 94013 dc
Color UP Mix 36912 b-e na
Sombrero 36162 c-e 98649 bc
Rose Bouquet 34958 de 72768 dc
Pink Beauty 33500 de 44555 e
Tokyo Red 23199 ef 69011de
Rona Red na  143103 a

zSize=π•r2•h, where r2 =(((width1+ width2)/2)/2)2.
yMeans with the same letter do not differ at the 5% signifi cance level by Fisher’s Protected LSD.
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Utilization of Dairy Compost to 
Establish Urban Landscapes

Cynthia McKenney, John Sloan, Wayne Mackay and Steve George
Texas A&M University Research and Extension Center, Dallas, TX 75252

c-mckenney@tamu.edu

Index Words: Compost, dairy manure, landscape application, organic matter, 
water quality

Signifi cance to Industry: Composting dairy manure for landscape use provides 
numerous benefi ts for the nursery industry as well as for the environment in 
general. One major benefi t in using dairy compost is the removal of this material 
from agricultural watersheds which may help alleviate water quality concerns of 
excess phosphorus (P) for associated rivers and lakes. A second benefi t is the 
improvement of the soil physical properties by the addition of organic matter to 
the soil. Decomposing organic matter releases organic acids that interact with 
soil particles, especially clays, and binds them together thus increasing soil 
aggregation. As a result, clay-textured soils benefi t by increased movement of 
water and gases through the soil. Accordingly, these effects improve the root 
zone environment improving plant growth. A third benefi t is that compost can also 
serve as a slow release source of essential plant macro- and micro-nutrients. 

Nature of the Work: Government regulations and increasing concerns over 
excessive phosphorus migrating into water bodies has spurred interest in 
methods to manage high volumes of dairy manure outside of traditional 
agricultural land application while reducing the environmental impact (1,3,4,5). 
One option for reducing soil P loading in agricultural watersheds is to increase 
the value of dairy manure through composting and to export the composted 
manure to urban areas where it can be used to establish new landscapes 
following construction activities. 

Construction of new homes and businesses is a continuous process in rapidly 
growing urban areas such as the Dallas Ft. Worth Metroplex. In this type 
of rampant urban expansion, large tracks of land are quickly converted to 
residential homes, business offi ces or strip malls. The primary objective of 
these development projects is to complete the construction quickly so that the 
property can be sold. Post-construction landscaping is usually approached 
from only the plant-selection viewpoint in order to sell the property. Very little 
thought or effort is devoted to soil preparation prior to planting the landscape. 
This is unfortunate because the soil has usually been severely disturbed and 
compacted by vehicles and soil-moving construction equipment which negatively 
impacts plant growth (2). Subsoil and construction debris are often mixed with or 
completely replace the original top soil. Although ornamental plants and turfgrass 
planted in this disturbed soil may initially perform well due to abundant watering 
and fertilization, they frequently decline over time when heat and drought stress 
become prevalent. High rates of compost mixed with the soil prior to establishing 
the landscape may have positive short and especially long-term effects on the 
survival and aesthetics of the urban landscape. These short and long term effects 
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were evaluated in this study. The overall objective of this study was to evaluate 
the effect of compost on establishment and subsequent growth of typical urban 
landscape plants, including shrubs, fl owering annuals and fl owering perennials in 
simulated new urban landscapes. 

Methods: In this study, the soil surface was conditioned to represent newly 
constructed landscapes using surface cultivation and leveling. Compost dairy 
manure was applied and incorporated at 0 (control), 9, 18, and 27 kg/m2 and 
incorporated to a depth of 15 cm. Treatments were replicated 4 times in a 
completely randomized block design. The composted dairy manure had total 
N, P, and K contents of 9.0 g kg-1, 1.04 g kg-1, and 4.90 mg kg-1, respectively. 
Compost application supplied 81, 162, and 243 g m-2 of N, 9.4, 18.8, and 
28.2 g m-2 of P, and 44, 88, 132 g m-2 of K. The soil was sampled prior to the 
addition of compost and subsequently at the end of the second growing season 
to determine the effects of compost addition on residual nutrient levels in the 
soil. Soil samples were collected from each plot at depth increments of 0 to 7.5 
and 7.5 to 15 cm for laboratory analysis. The analyses included pH, EC, NO3-N, 
P, K, Ca, Mg, Na, Fe, Mn, Cu, Zn, and organic matter. Plant growth data were 
collected monthly throughout the growing seasons to calculate the plant growth 
index. In addition, chlorophyll content, as an indicator of photosynthesis, was 
determined using a SPAD meter to measure refl ectance. 

Results and Discussion: There was no signifi cant difference in the plant growth 
index, chlorophyll refl ectance, overall appearance or percent fl owering between 
the control and the compost application levels. This may be due in part to the 
highly variable nature of the dairy compost utilized in this study. Plants typically 
respond most favorably to nitrogen applications. The high standard of deviation 
for the compost N content (Table 1) suggests that there was probably a high 
degree of variability in the amount of N supplied by the dairy manure compost. 

Compost applications signifi cantly increased the concentration of various soil 
macro- and micro-nutrients (Table 1). Phosphorus was of special interest due 
to the potential harmful effects of excess P on surface water bodies. Prior to 
application of composted dairy manure, plant available soil P in the upper 
15 cm was below the Texas Cooperative Extension soil P test critical level of 
50 mg kg -1. At the end of the second growing season, a single application of 9, 
18 and 27 kg m-2 of composted dairy manure increased Mehlich 3 extractable soil 
P in the 0 to 7.5 and 7.5 to 15 cm depths of the soil profi le Table 1. The critical 
soil P level was exceeded by all rates of composted dairy manure in the upper 
7.5 cm, but only by the 18 and 27 kg m-2 rates at the 7.5 to 15 cm depth. Other 
nutrients that were signifi cantly increased to a depth of 15 cm by the addition 
of composted dairy manure included K, Fe, Zn, and Cu. Soil NO3-N was not 
increased in the upper 7.5 cm, but an increase was detected in the 7.5 to 15 cm 
depth. It is likely that by the end of the second growing season, excess NO3-N 
had leached from the soil surface to slightly deeper depths. Other nutrients that 
were increased with application of composted dairy manure included Ca, Mg and 
S. Compost application rate had no signifi cant effect on soil pH or electrolytic 
conductivity at the 0 to 7.5 cm depth, but decreased soil pH and increased EC at 
the 7.5 to 15 cm depth (data not shown). Compost application had no signifi cant 
effect on soil Na and Mn levels at any depth (data not shown).
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Table 1. Effect of dairy manure compost on plant available nutrients at the end of 
the second growing season.

Compost
Rate

OM NO3-N P K S Fe Zn Cu

(kg m-2) (%) --------------------------------- mg/kg ---------------------------------
0-7.5cm

 0 3.9 4.8 40 392 39.0 16.6 0.6 0.7
 9 5.0 4.0 89 414 47.5 18.4 1.6 0.8
 18 5.0 4.0 128 567 48.5 23.1 3.5 1.3
 27 5.2 5.0 177 583 52.5 23.5 4.5 1.5

† ns *** *** ** ** *** ***
7.5-15cm

 0 3.9 3.0 18 353 34.5 16.5 0.3 0.7
 9 3.8 3.0 34 410 37.5 17.7 0.7 0.8
 18 4.1 3.8 58 532 40.3 19.1 1.5 0.9
 27 4.1 3.8 64 577 40.3 18.6 1.8 1.0

ns ** *** *** ** * *** ***
ns, † ,*, **, *** Not signifi cant and signifi cant at the 0.10, 0.05, 0.01, and 0.001 level of probability, 
respectively.
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Water Requirements for Shrub 
Establishment in Florida Landscapes

S.M. Scheiber, E.F. Gilman, K.A. Moore, M. Paz and S. Vyapari
University of Florida, IFAS, Mid-Florida Research and Education Center, 

Environmental Horticulture Department, 2725 Binion Rd., Apopka, FL 32703
smscheiber@ifas.ufl .edu

Index Words: Irrigation management, landscape establishment, micro irrigation

Signifi cance to industry: Drought is the primary threat to the landscape 
industry (3). Regulations governing landscape water use are vague and 
precise guidelines and protocols are essential to prevent both over-irrigation 
and plant death from insuffi cient applications. Results suggest Burford 
hollies, pittosporums, and sweet viburnum shrubs in North Central Florida 
may be established by watering as infrequently as every 8 days and fall 
planting encourages greater growth. This is an ongoing project and time until 
establishment needs to be determined.

Nature of the Work: Demand for landscape ornamentals, population expansion 
and increased housing starts have escalated demands for water supplies in the 
past decade. However, years of drought in some regions of the United States 
and predictions of continued drought have many communities facing potential 
restrictions on new construction and water usage. Landscape water consumption 
is highly visible and provides a prime target for water restrictions and subsequent 
regulation (5). Imposing water restrictions during landscape establishment can 
be detrimental to plants that have not had adequate time to develop suffi cient 
root systems to compensate for losses to evapotranspiration (ET). Since many 
retail nurseries offer guarantees against plant death during the fi rst year following 
purchase, plant death resulting from insuffi cient water for establishment can have 
a signifi cant economic impact on the nursery industry. 

Regulations governing landscape irrigation during the establishment phase vary 
depending on municipality. Recent trends within Florida have been towards 
the adoption of policies such as 60 days or less of daily irrigation. Application 
frequency affects establishment rates of shade trees, but effects on shrub 
establishment are not well documented (2). Furthermore, information regarding 
time needed for establishment is unavailable. Establishment is dependent on 
root expansion to permit adequate water absorption. Strong correlations between 
plant growth and ET are well documented (1,4). Evapotranspiration rates are a 
function of environmental factors and thus affected by time of year. The intent 
of this study is to determine the effects of irrigation frequency and planting date 
on time until establishment for use in the development of landscape water use 
regulations. 

In September 2004 and December 2004, Pittosporum tobira ‘Variegata’, 
Viburnum odorotissimum, and I‘Burfordii Nana’ were transplanted from #3 
containers into fi eld plots at University of Florida’s Plant Science Research and 
Education Unit in Citra. Plots were managed with Best Management Practices 
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with the exception of irrigation frequency. Four irrigation frequencies were 
evaluated: 1) every 2 days; 2) every 4 days; 3) every 8 days; 4) daily for two 
weeks, then every 2 days for 2 weeks, then every 4 days for 4 weeks then every 
8 days until established (Mix treatment). Each plant received 3 liters of water 
per plant per irrigation event. Predawn, mid-day, and dusk water potentials 
were recorded 8 weeks after transplanting (WAT) and cumulative water stress 
calculated. Water potentials were taken the day prior to irrigation (maximum 
stress day) and the day of irrigation (minimum stress). Growth indices and 
landscape quality were used to evaluate differences among irrigation treatments 
8 WAT. Data were analyzed by ANOVA with mean separations performed using 
Duncan’s Multiple Range Test (P≤0.05) using the SAS® system.

Results and Discussion: Cumulative water stress was signifi cantly affected by 
irrigation frequency for all species. As watering frequency decreased, cumulative 
water stress increased (Table 1 and 2). Following irrigation, cumulative water 
stress decreased by 3.9, 3.2, and 2.8 MPa compared to the maximum stress 
day, respectively, for Ilex, Pittosporum, and Viburnum transplanted in September. 
For the December plot, Ilex, Pittosporum, and Viburnum declined from -12.4 to 
-6.1, -12.3 to -8.1, and -8.4 to -4.2 MPa, respectively, between the maximum 
stress day and irrigation day. Despite differences in cumulative water stress, 
irrigation frequency had no signifi cant effect on canopy size or plant quality for 
either species on either planting date (Table 1 and 2). The data suggest root 
systems are becoming established regardless of irrigation frequency or planting 
date. However, September transplants exhibited greater growth than December 
transplants for all species. 
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Table 1. Growth index, plant quality and cumulative water stress response to 
irrigation frequency on three species of ornamental shrubs planted in September 
2004 in Citra, FL.

Treatment
Growth index 

(m(m3))
Plant 

densitydensityyz

Plant 
diebackyx

Cumulative water 
stress (((MPa(MPabars))w

Ilex cornuta ‘Burfordii Nana’

2-day 0.0212 nsxv 6.8 ns 9.0 ns -4.76.79 a

4-day 0.0142 6.7 8.7 -8.54.77 bc

8-day 0.0214 6.8 9.0 -10.10.83 c

Mix 0.0062 7.2 8.8 -7.11.44 ab
Pittosporum tobira ‘Variegata’

2-day 0.0379 ns 7.0 ns 8.8 ns -82.218 ns

4-day 0.0257 7.5 9.0 -87.875

8-day 0.0078 6.7 8.7 -113.219

Mix 0.0349 7.0 9.0 -95.765
Viburnum odorotissimum

2-day 0.0000 ns 6.3 ns 7.5 ns -44.10 a

4-day 0.0007 6.0 7.5 -58.876 ab

8-day 0.0018 5.5 7.2 -89.11 b

Mix 0.0119 6.5 8.0 -57.765 ab
zGrowth index calculated as fi nal growth index – initial growth index.
yPlant density on a 9 to 1 scale, 9=full, dense plant and 1=dead plant, no leaves.
xPlant dieback on a 9 to 1 scale, 9=no damage and 1=dead plant.
wTotal cumulative water stress for the 2-day sampling period (maximum stress day + irrigation day).
v Mean separation within each column and species using Duncan’s multiple range test (P<0.05) (ns= 
not signifi cant).



516 Landscape Section

SNA RESEARCH CONFERENCE - VOL. 50 - 2005

Table 2. Growth index, plant quality and cumulative water stress response to 
irrigation frequency on three species of ornamental shrubs planted in December 
2004 in Citra, FL.

Treatment
Growth 

index (m(m3))z

Plant 
densitydensityzy

Plant 
diebackyx

Cumulative water
 stress (MPa stress (MPabars))w

Ilex cornuta ‘Burfordii Nana’

2-day 0.0066 nsxv 7.5 ns 8.3 ns -64.438 a

4-day 0.0000 7.3 8.3 -93.56 a

8-day 0.0000 7.0 8.2 -127.78 b

Mix 0.0021 7.2 9.0 -84.546 a
Pittosporum tobira ‘Variegata’

2-day 0.0000 ns 7.3 ns 7.5 ns -83.765 a

4-day 0.0012 7.3 7.7 -106.327 bc

8-day 0.0000 7.3 7.3 -121.41 c

Mix 0.0000 6.8 7.7 -97.214 ab
Viburnum odorotissimum

2-day 0.0000 ns 7.2 ns 6.8 ns -39.877 a

4-day 0.0000 7.0 7.2 -60.53 b

8-day 0.0000 7.5 7.2 -81.548 c

Mix 0.0000 7.0 6.7 -69.769 bc
zGrowth index calculated as fi nal growth index – initial growth index.
yPlant density on a 9 to 1 scale, 9=full, dense plant and 1=dead plant, no leaves.
xPlant dieback on a 9 to 1 scale, 9=no damage and 1=dead plant.
wTotal cumulative water stress for the 2-day sampling period (maximum stress day + irrigation day).
v Mean separation within each column and species using Duncan’s multiple range test (P<0.05) 
(ns=not signifi cant).
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Production Plant Growth Regulator 
Applications During Greenhouse Production 
May Inhibit The Landscape Performance Of 

Cool Season Bedding Plants

Garry V. McDonald and Michael A. Arnold
Dept. of Horticultural Sciences, Texas A&M University, Mail Stop 2133, 

College Station, TX 77843-2133

Index Words: ancymidol, Brassica oleracea, Calendula offi cinalis, ornamental 
cabbage, paclobutrazol, pansy, pot marigold, Viola x wittrockiana

Signifi cance to Industry: This study illustrates the importance of evaluating 
residual landscape responses to any production application of PGR prior to 
development of rate or timing recommendations for production of cool season 
bedding plants. Substantially adverse residual responses are possible to PGR 
rates that appear to be suitable during production, but later prove to be excessive 
or poorly timed when post-production responses are included in the assessment 
of their effi cacy.

Nature of Work: Germination of cool season annuals, such as ornamental 
cabbage (Brassica oleracea L. var. acephala A.P. deCandolle), pot marigold 
(Calendula offi cinalis L.), and pansy (Viola x wittrockiana H. Gams), scheduled 
for fall sales may occur as early as August. This often necessitates applications 
of plant growth regulators (PGR) to control excessive stem elongation during 
greenhouse production. Applications of PGR for this purpose are applied to 
many annuals at plug stage, post plug state, or both. Previous research has 
indicated that commonly used plant growth regulators such as ancymidol and 
paclobutrazol may have post-production residual effects in the landscape 
(1, 2, 3, 4). This residual effect may impact not only plant size, but also fl ower 
number. Contrarily, low applications of some plant growth regulators may have 
a neutral to stimulatory effect on landscape growth and fl owering (2). This 
study was initiated to investigate possible post-transplant residual responses to 
ancymidol and paclobutrazol on ornamental cabbage, pot marigold, and pansy.

Materials and Methods: Greenhouse production. Brassica oleracea var. 
acephala ‘Dynasty Pink’, Calendula offi cinalis ‘Bon Bon Orange’, and Viola
x wittrockiana ‘Crown Yellow’ seeds (Ball / Pan Amer. Seed, West Chicago, 
IL) were planted in plug trays (molded plastic propagation trays with 1.5 cm3

(0.09 in3) inverted cone-shaped pockets, TLC Polyform Inc., Morrow, GA) 
containing ProMix BX (Premier Horticulture, Quebec, Canada) on 6 Sept. 2003. 
Trays were placed in a growth chamber set at 25/21°C (77/70°F) day/night 
temperatures with 18/6 hr day/night photoperiods. Plants were sprayed with 
paclobutrazol [(2RS,3RS)-1-(4-chlorophenyl)-4,4-dimethyl-2-1,2,4-triazol-1-yl-
pentan-3-ol, formulated as Bonzi, Uniroyal Chemical Co., Middlebury, CT] or 
ancymidol [α-cyclopropyl-α(β-methoxyphenyl)-5-pyrimidinemethanol, formulated 
as A-Rest, SePro Corp., Carmel, IN) at plug stage (cabbage, pansy, and 
calendula on 25 Sept., 2 Oct., 11 Nov., respectively), at 14 days after transplant 
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into 0.73 L containers (158 cm3 six-cell molded plastic tray inserts, Kord Products 
Inc, Bramalea, Ont., Canada), or at both stages. Paclobutrazol was applied at 
0, 5, 10, or 15 mg·L-1 (0, 5, 10, or 15 ppm) and ancymidol at 0, 2, 4, or 8 mg·L-1

(0, 2, 4, or 8 ppm). Plants were placed in a production greenhouse environment 
and grown until they reached a marketable size. Heights and canopy diameter in 
two perpendicular directions were measured at the end of the production period. 
A plant index was calculated as height × width 1 × width 2 to serve as a pseudo-
volume estimate of canopy size.

Landscape trials. After greenhouse production, cabbage (30 Oct), pansy (6 Nov), 
and calendula (4 Dec) were transplanted to landscape beds to assess residual 
effects on subsequent growth and fl owering. The 12.2 m (40 ft) long × 3.7 m 
(12 ft) wide x 20 cm (8 in) tall raised trial beds were constructed using 10 cm 
(4 in) diameter exterior treated landscape timbers. Trial beds contained a Silawa 
fi ne sandy loam (siliceous, thermic ultic haplustalfs, 73% sand, 9 % clay, 18 % 
silt) soil and were crested from 30 cm in the center to 15 cm at the edges to 
ensure drainage. Plots were fertilized at planting and monthly thereafter with 
a 13N-5.7P-10.8K granular fertilizer (Pursell Industries, Inc., Sylacauga, AL) 
at the rate of 0.45 kg (1.0 lb) of actual N per 92.9 m2 (1000 ft2) of bed surface. 
Composted pine bark mulch was maintained at a depth of approximately 
5 cm (2 in) during the landscape trial. Beds were hand cultivated weekly to 
control weeds. Irrigation was applied as needed to maintain soil moisture via 
stationary overhead risers. Growth was monitored monthly in the landscape 
from December 2003 through April 2004. Analysis of variances were determined 
for the greenhouse and landscape trials and the highest order interaction found 
signifi cant for a given PGR is discussed. Means and standard errors were 
determined using the least squares means procedures. Only those models 
signifi cant at P ≤ 0.05 are presented.P ≤ 0.05 are presented.P

Results and Discussion: Ancymidol and paclobutrazol were less effective 
at controlling growth of cabbage and calendula during the production phase, 
and only had a noticeable carry-over effect when applied at high or multiple 
applications (data not shown). Effects of PGR on pansy were most pronounced 
with paclobutrazol. Pansy exhibited the greatest response to both chemicals 
once transplanted to the landscape (Fig 1A, 1B, and 2). Across time in the 
landscape, applications at the plug stage and plug+14 days showed the most 
decrease in fl owering (Fig. 1A) and growth (Fig. 1B) with increasing paclobutrazol 
rate. Growth and fl owering were reduced substantially only by single applications 
at the 15 mg·L-1 (15 ppm) rate, whereas applications at both plug and 
plug+14 stages substantially reduced growth and fl owering at as low as 5 mg·L–1

(5 ppm) of paclobutrazol. Across application stages, post transplant growth 
reductions became more pronounced as the time in the landscape increased 
(Fig. 2), resulting in plants that by the end of the study were 50% or smaller than 
the control plants. 
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Fig. 1. Interactions among application stages (at plug stage, 14 days after plug 
stage, or at plug and 14days after plug stage) and paclobutrazol rates on post-
production pansy landscape responses for fl ower number per plant (A) and 
growth index (B) across time in the landscape, n = 36.



520 Landscape Section

SNA RESEARCH CONFERENCE - VOL. 50 - 2005

Fig. 2. Interactions among time in the landscape and paclobutrazol rates on 
post-production landscape responses of pansy growth index across application 
stages, n = 9.stages, n = 9.
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Heat and Drought Affect Photosynthesis of Sugar 
Maple (Acer saccharum) Ecotypes

Jason J. Griffi n
John C. Pair Horticultural Center, Kansas State University, 

1901 E. 95th Street South, Wichita, KS 67060
jgriffi n@oznet.ksu.edu

Index Words: Caddo Maple, Temperature Response Curve, Water Stress

Signifi cance to Industry: The demand for landscape trees tolerant to 
environmental stresses continues to increase. Varieties or ecotypes adapted to 
regions of environmental extremes can be a source of stress tolerant specimens. 
Over 20 years of observation a southwestern ecotype of sugar maple (Acer 
saccharum), commonly referred to Caddo Maple, has proven to have superior 
heat and drought tolerance (2). Results demonstrate that under conditions of 
substrate water defi cit and elevated leaf temperature, Caddo maple is able to 
maintain photosynthesis at higher levels than typical sugar maple seedlings. This 
higher level of photosynthesis may help the tree survive and improve recovery 
from environmental stresses.

Nature of Work: The trend of designing and installing water wise landscapes is 
sure to continue. Drought conditions coupled with high summer temperatures can 
be detrimental to many common landscape plants. Additionally, municipalities are 
increasingly willing to restrict water usage during times of drought and typically 
increase fees to high water users. Over the past 20 years the Kansas State 
University John C. Pair Horticultural Center has been evaluating a southwestern 
ecotype of sugar maple (4). This ecotype is found as an isolated population in 
Caddo County Oklahoma and has therefore acquired the common name Caddo 
Maple. Previous work has shown that species from warmer climates typically 
maintain higher rates of photosynthesis than species from cooler climates when 
exposed to elevated temperatures (3,5). Seedlings of Caddo maple grow well 
in the southern Great Plains region and are successful in soils with pH ranging 
up to 8.0. Additionally, Caddo maple leaves do not tear (leaf tatter) as easily 
when exposed to frequent high winds (1) and are more resistant to puncture by 
hail. In fi eld trials, Caddo maple grows as fast or faster than many commercially 
available cultivars and summer foliage is a darker green throughout the season. 
Drawbacks of the Caddo maple are limited to availability, intolerance of frequently 
irrigated soils, and late leaf abscission that makes the foliage susceptible to an 
early frost. Frost does not damage the tree, however, fall color may not develop. 

During the summer of 2003, less than 7.6 cm (3.0 in) of rain fell during the 60–
day period of July 1 to August 31 and daily high temperatures exceeded 35 °C 
(95 °F) on 32 of those days with the last 14 days over 38 °C (100 °F). With no 
supplemental irrigation, a 20 year old sugar maple evaluation block displayed 
signs of stress. Leaves throughout the canopy of the trees were scorched and 
wilted. Only the Caddo maples had no scorched leaves. Although the trees 
are growing with intertwined root systems, predawn water potential readings 
indicated that the Caddo maples were signifi cantly less water stressed than the 
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surrounding cultivars (Table 1). To follow up on this observation a study was 
designed to further investigate the drought response of Caddo maples.

A seedling Caddo maple and a seedling sugar maple of northern provenance 
were both potted into the same 40 L (10 gal) container fi lled with an amended 
pine bark substrate. The containers were then placed in a greenhouse with 
temperature set at 30/24 ºC (85/75 ºF). Plants were allowed to establish for three 
weeks when irrigation was withheld from half of the containers to simulate the 
onset of drought. Substrate was allowed to dry until a predawn pressure chamber 
reading of -1.5 MPa was achieved. The containers were then weighed and the 
weight recorded. Containers were weighed daily and tap water was added to 
return the container to the -1.5 MPa weight. Seedlings were maintained in this 
state for two weeks, at which time photosynthesis measurements were begun. 
Maximum photosynthetic capacity (Pn) was measured as a function of increasing 
temperature. A recently matured leaf was placed in the cuvette at 20 ºC (68 ºF) 
under saturating light and CO2 (2000 ppm) and allowed to acclimate for 10 min 
before a measurement was taken. Leaf temperature was then increased in 
5 ºC (9 ºF) increments to 45 ºC (113 ºF) with a reading taken at each increment 
following a 10 min acclimation period at that temperature. The experiment was 
a randomized complete block design with six replications and treatments were 
arranged as a split-split plot. Data were then subjected to ANOVA.

Results and Discussion: Measurement of the temperature response of Pn 
under saturating CO2 (maximum photosynthetic capacity) is an effective means 
for evaluating the response of the photosynthetic apparatus to increasing 
temperatures, independent of stomatal limitations. Under water stress, the 
maximum rate of Pn can be reduced as well as the optimum temperature for 
Pn (6). Results suggest there is little difference in the optimum temperature for 
maximum photosynthetic capacity among taxa or irrigation regime [36 °C (97 °F)] 
(Fig. 1). However, regardless of temperature or irrigation regime, Caddo maples 
were able maintain a higher Pn than similarly treated sugar maples. While both 
taxa were able to increase Pn with increasing temperature when irrigated, only 
Caddo maples were able to increase Pn when water stressed. The ability to 
maintain, or increase, Pn under conditions of drought and elevated temperature 
could be important in dissipating excess excitation energy and avoiding 
photoinhibition. Additionally, the drought tolerance of the Caddo maples may 
suggest they could serve as a rootstock for sugar maples with superior fall color 
but inferior drought tolerance.
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Table 1. Predawn water potential measurements of 10 fi eld grown taxa of maple 
following a prolonged drought.

Species and Cultivar Ψ (-MPa)
A. saccharum ‘Bonfi re 1.15 bz

A. saccharum ‘Caddo’ 0.49 c
A. saccharum ‘Commemoration’ 1.95 ab
A. saccharum ‘Endowment’ 2.11 ab
A. saccharum ‘Fairview’ 2.33 ab
A. saccharum ‘Green Mountain’ 1.75 ab
A. saccharum ‘Legacy’ 2.17 ab
A. saccharum ‘Wright Brothers’ 2.30 ab
A. nigrum 2.59 a
A. nigrum ‘Green Column’ 1.78 ab

z Mean separation within a column by Fisher’s protected LSD (P≤0.05); n=3. Means followed by the same 
letter are not signifi cantly different.

Fig. 1. Maximum photosynthetic capacity measured under saturating light and 
CO2 and regression models of Caddo maple (solid lines) and sugar maple 
(broken lines) as a function of leaf temperature. Vertical bars represent one 
standard error of the mean at each temperature.standard error of the mean at each temperature.



524 Landscape Section

SNA RESEARCH CONFERENCE - VOL. 50 - 2005

Deadheading and Renewal Pruning Affect 
Subsequent Bloom of Chaste Tree

Garry V. McDonald, Michael A. Arnold and Jerry M. Parsons
Dept. of Horticultural Sciences, Texas A&M University, 

Mail Stop 2133, College Station, TX 77843-2133

Index Words: landscape maintenance, Vitex agnus-castus

Signifi cance to Industry: Deadheading Vitex agnus-castus ‘LeCompte’ Vitex agnus-castus ‘LeCompte’ Vitex agnus-castus
eliminated the potential for seed production without substantial reduction in fl ower 
number or loss of infl orescence size. Severe pruning of this cultivar should be 
curtailed if reductions in fl owering are to be avoided. This practice documents an 
environmentally friendly way to cultivate this durable ornamental shrub.

Nature of Work: Large fl owering clones of Vitex agnus-castus L., such as Vitex agnus-castus L., such as Vitex agnus-castus
‘LeCompte’, ‘Shoal Creek’, and ‘Montrose Purple’, are being promoted as a 
summer alternative for lilac (Syringa vulgaris L.) for southern U.S. climates (2). Syringa vulgaris L.) for southern U.S. climates (2). Syringa vulgaris
The overall fl owering effect of these cultivars is somewhat reminiscent of lilacs 
in bloom, but they have the potential to withstand the high summer temperatures 
and low winter chilling hours of southern regions. Additionally, repeat bloom 
during the same growing season sometimes occurs on this species (1, 2). 

Despite these positive landscape characteristics, V. agnus-castus suffers from 
some limitations including a tendency to grow too large for many small residential 
home sites, to accumulate a number of dead twigs and small branches in the 
interior canopy over time, and a propensity to produce copious amounts of 
seed that could potentially contribute to weeds in surrounding cultivated or 
non-cultivated landscapes (1). Removal of infl orescences after fl owering would 
reduce the potential for seed development and dispersal. The objective of this 
research project was to determine the effect of various pruning severities at fl oral 
sensecence on the subsequent ability of plants to rebloom in the same season 
and during the initial bloom in the year after pruning.

Rooted cuttings of Vitex agnus-castus ‘LeCompte’ were grown in 2.3-L (#1) Vitex agnus-castus ‘LeCompte’ were grown in 2.3-L (#1) Vitex agnus-castus
black nursery pots (Nursery Supplies, Inc., Fairless Hills, PA) and planted in May 
2003 to raised landscape beds in College Station, TX. Beds were weeded and 
irrigation was applied as needed. In Feb. 2004, all plants were trimmed back 
to within 15 cm (6 in) of the ground and allowed to grow until fl owering occured 
in early June 2004. The number of infl orescences were counted on each plant 
and the length of the primary axis on each infl orescence was measured at fl oral 
sensecence. Four pruning treatments were then imposed: 1) no pruning (control), 
2) deadheading by removal of only the spent infl orescences, 3) pruning each 
fl owering stem to one half of its original length, or 4) pruning the entire plant to 
within 15 cm of the ground. This process was repeated following each bloom 
cycle in August and September 2004. Infl orescence number and length were 
again determined in May of 2005 to assess the residual effects on the initial 
bloom of the subsequent year following pruning. 
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Results and Discussion: A signifi cant (P ≤ 0.001) interaction among time and P ≤ 0.001) interaction among time and P
pruning treatments was found for both the number of infl orescences and length 
of the primary infl orescence. Prior to imposition of the pruning treatments, all the 
groups of plants assigned to the various treatments did not differ in infl orescence 
number or length (Table 1). During the growing season plants were deadheaded 
following fl owering, this deadheading either had no effect (infl orescences number 
and length in August 2004 and infl orescence length in September 2004) or 
increased (infl orescence number in September 2004) fl owering compared to 
non-pruned controls (Table 1). Deadheading also increased fl ower length in the 
spring of the subsequent year (May 2005), but decreased the number of fl owers 
in the subsequent year (May 2005). Pruning stems to half their length at fl oral 
senscence had only minimal impact on infl orescence length, but substantially 
reduced the number of infl orescences produced in subsequent bloom cycles, 
completely eliminating a third bloom in September 2004 (Table 1). Pruning plants 
to within 15 cm (6 in) of the ground following bloom caused severe reductions in 
the number and length of blooms in subsequent cycles, and like the half height 
pruning treatment eliminated a third late summer fl ush of fl owers in September 
2004 (Table 1). 
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Table 1. Interactions among time after pruning and extent of pruning of Vitex 
agnus-castus ‘LeCompte’ planted in landscape beds in College Station, Texas; 
n = 16.
          

Date Treatment Number of 
infl oresences

Length of primary 
infl oresences (cm)

June 2004 Non-pruned control 36.8 ax  22.8 a
Deadheady 42.0 a 22.7 a
Prune to half height 45.1 a 21.4 a
Prune to within 15 cm of 
ground

36.7 a 21.8 a

August 2004 Non-pruned control 23.2 a 17.9 a
Deadhead 26.9 a 17.1 a
Prune to half height 9.1 b 15.3 a
Prune to within 15 cm of 
ground

1.1 b 8.7 b

Sept. 2004 Non-pruned control 11.6 b 21.0 a
Deadhead 28.2 a 18.2 a
Prune to half height 0.0 c 0.0 c
Prune to within 15 cm of 
ground

0.0 c 0.0 c

May 2005 Non-pruned control 78.3 a 18.0 b
Deadhead 57.3 b 21.6 a
Prune to half height 12.5 c 22.4 a
Prune to within 15 cm of 
ground

3.6 c 8.8 c

ANOVA effects Month ***z ***
Pruning treatment *** ***
Month x pruning treatment *** ***

x Means within a date and column followed by the same letter are not signifi cantly different using a least 
squares means test at P ≤ 0.05.P ≤ 0.05.P

y Deadheading indicates removal of only spent infl orescences immediately after fl owering, whereas, other 
pruning treatments included cutting limbs back to half their original length after fl owering or pruning all 
stems to within 15 cm (6 in) of the soil immediately after fl owering. 

z*** = signifi cance at P ≤ 0.001. P ≤ 0.001. P
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Effect of Nursery Production Method on Tree 
Establishment In Urban Sites 

F. Ferrini1 and F.P. Nicese2

1Dipartimento di Produzione Vegetale, University of Milan, 
Via Celoria, 2 – 20133, Milano (Italy)
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Signifi cance to industry: The results show that Airplant™ (a new container 
recently developed in Italy) showed some benefi ts on English oak trees 
after transplanting. However, even though some leaf parameters and leaf 
gas exchange were sometimes higher, such a difference did not completely 
compensate for the higher cost compared to B&B trees. Therefore, no specifi c 
recommendations about the choice of plant material for English oak can be 
issued based on our results.

Nature of the work: In recent years nurserymen have become increasingly 
aware of the advantages offered by container-grown nursery stock especially 
when planting time is limited, when planting during the growing season or 
transplanting to adverse sites. However, in Italy, little research has been done on 
the infl uence of different nursery techniques on the performance of trees planted 
in urban sites; the purpose of this study was to evaluate the effect of two different 
nursery production methods on tree performance after transplanting in the urban 
landscape.

Plant material. In March, 24 uniform, fi ve-year-old, 4-4.5 m (13-15 ft) tall, 
12-14 cm (5-6 in) circumference, balled and burlapped (B&B), grafted English 
oak (Quercus robur L.) cv ‘Select’ trees, were planted in a public park in 
Florence, Italy. An additional 24 Airplant™ (Fig. 1) container grown trees with 
identical size characteristics were obtained from the same nursery and planted at 
the same time.

This new kind of container, suitable for medium to large-sized trees cultivation, 
has been developed by a nursery in Italy and is supposed to induce roots to grow 
downwards the center of the container, area usually less colonized by roots. This 
results in a better root system, with fewer circling and kinking roots and intact 
root tips. 

Planting holes were two times the width and 1.5 times the depth of the root 
ball. 24 single plant replicates of two production methods were planted in a 
completely randomized design. Trees were watered and some soil was added to 
compensate for settling. Trees were irrigated once a week during the fi rst and the 
second year, with 40-50 l per plant (11-13 gallons). 
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Data collection. From bud-break (April) to the end of June (when no further shoot 
elongation was detected) shoot length was determined bimonthly on 20 shoots 
per plant. Leaf area (calculated by measuring the area of 50 leaves per plant 
with a CID CI-203 leaf area meter (CID Inc., Vancouver, WA), leaf fresh and dry 
weights were determined. Instantaneous net photosynthesis (Pn), Evaporation 
rate (E), Water Use Effi ciency (WUE, calculated dividing Pn by E) were 
measured using the ADC-LCA-2 portable infrared gas analyzer. The readings 
were taken between mid-June - mid September (4 sampling dates in the fi rst 
and in the second year, 6 in the third year) between 08.00 and 18.00 hours on 
fi ve fully expanded leaves (chosen in the outer part of the crown and at different 
heights) on 6 plants under conditions of light saturation (PAR > 1000 µmol m-2s-1). 
Trunk diameter was measured at planting and each of the following winters at 
30 and 120 cm from the ground. All the data regarding plants were analyzed 
using the one-way analysis of variance (ANOVA) using SPSS (Release 11.5 for 
Windows). Treatment means were separated by protected LSD, with p ≤ 0.05 
level of signifi cance.

Results and Discussion: 1st yearst yearst .  year.  year Shoot growth was statistically higher in the 
B&B plants than plants produced in the Airplant® system, which might be more ® system, which might be more ®

susceptible to drought stress even when irrigated once a week (Tab. 1). However, 
leaf area was signifi cantly higher in the Airplant trees, while no statistical 
differences were detected in photosynthesis among the different treatments. 
Water use effi ciency (WUE) data, showed that B&B trees also used water more 
effi ciently than Airplant® ones. ® ones. ®

2nd year. nd year. nd In the second year, shoot elongation was greater in the B&B trees 
while all the other parameters but water use effi ciency were positively affected 
in the trees produced in the Airplant® container (Tab. 2). Chlorophyll content was ® container (Tab. 2). Chlorophyll content was ®

higher in the fi rst part of the season while no difference was found in September 
(Tab. 3)

3rd year. rd year. rd In the third year, the results were similar to the previous years, even 
if they were statistically different only when referred to leaf area and dry weight 
(Tab. 4). No differences were found regarding trunk diameter (data not shown). 
Chlorophyll content was higher in the Airplant® trees in the second part of the ® trees in the second part of the ®

season (Tab. 5).

In conclusion, the comparison of plant material obtained with different nursery 
techniques is of paramount importance to select trees ensured better growth 
performances after transplanting in the different urban sites and not only 
in the nursery environment. However the results of this experiment are to 
be considered preliminary. Further research on other species and other 
environments is needed both to confi rm these results and to understand the long-
term effects of the different production techniques on tree growth and physiology.
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1st year
Table 1. Effect of nursery production method on shoot elongation (cm), leaf area 
(cm2), leaf dry weight (g) leaf area/shoot length ratio and on leaf gas exchange 
(four sampling dates) of Quercus robur.

Technique Shoot 
elongation 

(cm)

Leaf 
area
(cm2)

Leaf dry 
weight 

(g)

Leaf area/ 
shoot 
length

Pn
(µmol*m-2*s-1

of CO2)

E
(mmol m-2*s-

1* of H2O)

W.U.E.
(Pn/E)

B&B 4.68 a 19.19 b 0.13 b 4.10 a 7.52 n.s. 0.99 n.s. 7.59 a

Airplant 3.65 b 25.52 a 0.19 a 6.99 b 7.30 1.11 6.57 b

Values differ signifi cantly when followed by different letters at p ≤ 0.05 (LSD test).

2nd year
Table 2. Effect of nursery production method on shoot elongation (cm), leaf area 
(cm2), leaf dry weight (g) leaf area/shoot length ratio and on leaf gas exchange 
(four sampling dates) of Quercus robur.

Technique Shoot 
elongation 

(cm)

Leaf 
area
(cm2)

Leaf dry 
weight 

(g)

Leaf area/ 
shoot 
length

Pn
(µmol*m-2*s-

1 of CO2)

E
(mmol m-2*s-

1* of H2O)

W.U.E.
(Pn/E)

B&B 4.79 a 21.15 b 0.17 b 4.42 b 10.22 b 2.61 b 3.99 n.s.

Airplant 3.78 b 24.04 a 0.19 a 6.36 a 11.91 a 2.93 a 4.06

Values differ signifi cantly when followed by different letters at p ≤ 0.05 (LSD test).



530 Landscape Section

SNA RESEARCH CONFERENCE - VOL. 50 - 2005

Table 3. Effect of nursery production method on leaf chlorophyll content 
(µg*cm-2).

Technique Chlorophyll
15 June

Chlorophyll
15 September

B&B 13.27 b 14.81 n.s.

Airplant 13.92 a 15.13
Values differ signifi cantly when followed by different letters at p ≤ 0.05 (LSD test).

3rd year
Table 4. Effect of nursery production method on shoot elongation (cm), leaf area 
(cm2), leaf dry weight (g) leaf area/shoot length ratio and on leaf gas exchange 
(six sampling dates) of Quercus robur.

Technique Shoot 
elongation 

(cm)

Leaf 
area
(cm2)

Leaf dry 
weight 

(g)

Leaf area/ 
shoot 
length

Pn
(µmol*m-2*s-

1 of CO2)

E
(mmol m-2*s-

1* of H2O)

W.U.E.
(Pn/E)

B&B 9.50 n.s. 29.96 b 0.33 b 3.15 12.31 n.s. 3.87 n.s. 3.64 n.s.

Airplant 8.83 35.81 a 0.41 a 4.06 13.27 4.01 3.72

Values differ signifi cantly when followed by different letters at p ≤ 0.05 (LSD test)

Table 5. Effect of nursery production method on leaf chlorophyll content 
(µg*cm-2).

Technique Chlorophyll
15 June

Chlorophyll
15 September

B&B 15.34 n.s 14.08 b

Airplant 15.81 14.91 a
Values differ signifi cantly when followed by different letters at p ≤ 0.05 (LSD test).

Fig 1. Outline of the Airplant® production system.® production system.®
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History of Beach Vitex Cultivation: 
A Potential Invasive Ornamental

Richard T. Olsen1 and Andrew C. Bell2
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2North Carolina Botanical Garden, UNC, Chapel Hill, NC 27599-3375
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Index Words: Vitex rotundifolia L.f., Invasive Plants, Sea beach amaranth

Signifi cance to Industry: Plant material available in ornamental plant nurseries 
of the southeastern United States is predominantly composed of introduced, non-
native species. The introduction of new plant species have contributed greatly 
towards increasing the landscape plant diversity and aesthetics of our urban 
landscapes. A vast majority of introductions have had little impact on natural plant 
communities of the Southeast. However, a small percentage of introductions 
have become invasive species, i.e. capable of surviving and reproducing outside 
of cultivation and establishing within the local fl ora. Between 50 and 85% of 
invasive plant species in the United States were introduced for either ornamental 
or landscape use (1, 4). The introduction and cultivation of beach vitex (Vitex 
rotundifolia) is detailed here in order to demonstrate the convoluted nature of 
“new” plant introduction, and the need for arboreta and nurseries to improve plant 
evaluation programs with regards to screening invasive potential.

Ecology, Taxonomy, and Cultivation: Beach vitex, or roundleaf vitex, is a woody 
sub-shrub with a sprawling, or vine-like habit that spreads vegetatively via 
adventitious rooting of prostrate stems. It is native across a broad range of the 
western Pacifi c: north to Korea, Japan and China; through SE Asia, the Malay 
Peninsula, south to Australia; west to India and throughout the Pacifi c islands as 
far east as Hawaii (www.ars-grin.gov/cgi-bin/npgs/html/taxon.pl?41839). As the 
name implies, beach vitex is found growing in coastal habitats, along sandy and 
rocky shorelines and dunes where it is a dominant member of the shrub zone 
and is often the last plant found growing before the tidal zone (2). It is a member 
of the Verbenaceae, a taxonomically broad family which includes approximately 
250 species of Vitex (6). At least two other species of Vitex are common in the 
nursery trade, V. agnus-castus L. (chastetree) and V. trifolia L.(Indian three-leaf 
vitex). Beach vitex is root hardy through USDA zone 6b (-5°F; -20.5C°) and 
extremely heat-tolerant, thus capable of surviving throughout coastal regions of 
the eastern U.S. from Texas to Rhode Island, and the entire west coast of the 
U.S. from California to Washington.

Introduction of Beach Vitex: Among nurserymen and plantsmen in the Southeast, 
the introduction of beach vitex to the U.S. has been attributed to the N.C. State 
University Arboretum [now the J.C. Raulston Arboretum (JCRA) (Raleigh, NC 
27695-7522)]. This assumption stems from the 1985 U.S. National Arboretum 
(USNA) (Washington, D. C. 20002-1958) sponsored plant collecting expedition 
to the Republic of Korea, which Dr. J.C. Raulston, then director of the arboretum, 
was a participant in as chronicled in the newsletters of the JCRA (3). During 
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the expedition, beach vitex was found growing in the vicinity of Wando Island 
(SW Korea ≈ 34°21’ N, 126°41’E) as “a mat forming, creeping shrub with silvery 
aromatic leaves and showy blue fl owers producing extensive colonies on sand 
and shingle at high tide line” [Newsletter no. 17, 1987 (3)]. Collections from this 
site were accessioned in 1985 by the USNA as NA 56730.

The only Korean record of V. rotundifolia at the JCRA from the USNA is NA 
55280 from a USNA 1984 collection from Chollipo, Korea. The fate of NA 
55280, however, at the JCRA is unknown, as no plants exist in the current living 
collections from this accession. However the species was already growing at 
the JCRA, having been accessioned in 1978 as cuttings from the USNA with 
no accompanying accession number or provenance. This early accession is 
referenced in the arboretum newsletter in a listing of plants killed or injured 
during severe winter weather of 1982 [no. 5, 1982 (3)]. The exact origin of these 
accessions from the USNA is unknown, as there are no records of cuttings 
distributed to the JCRA at that time (Kevin Conrad, USNA; pers. comm.).

This raises the question as to when and where V. rotundifolia was fi rst introduced 
to the U.S. The Germplasm Resources Information Network (GRIN) of the 
U.S. Department of Agriculture’s Agricultural Research Service is a web server 
providing a searchable database of germplasm available within the USDA system 
(www.ars-grin.gov/). Within GRIN, there are four accessions of V. rotundifolia (NA 
54672, NA 55280, NA 56730, and NA 66619), all of which originate from Korean 
germplasm during a period from 1984 to 1993. Of these accessions, two are still 
available including NA 55280 accessioned by the JCRA in 1986 and NA 56730 
from the Wando population. No records of pre-1984 accessions for V. rotundifolia 
are present within the GRIN system.

Prior to 1980, the Arnold Arboretum (AA) (Jamaica Plain, MA 02130-3500) made 
a collection trip to the same area of Korea (Chollipo) that later USNA expeditions 
visited. The 1977 Japan-Korea Plant Exploration trip made over 500 collections, 
including seeds from a natural population of V. rotundifolia growing at Chollipo 
(AA 1800-77) (5). However, there is no record of this accession having been 
distributed by the AA (Jack Alexander, AA; pers. comm.), and no plants are extant 
in the AA collections. However, the AA has one earlier accession of V. rotundifolia 
that came from the USNA in 1969 as PI 317312. No details accompany the 
accession data for this PI.

To access pre-1984 USNA accessions, the earliest handwritten fi les were 
reviewed by Kevin Conrad (USNA), revealing that the USNA had two earlier 
accessions of V. rotundifolia, in 1961 and 1955. In 1961, the USNA accessioned 
PI 271881 as seeds obtained from the Osaka Botanic Garden in Japan via 
index seminum. The earliest record at the USNA, and the proposed earliest date 
of introduction for V. rotundifolia, is 1955 when PI 227655 was accessioned, 
representing a collection made by Dr. John Creech from Japan.

Evaluations and Spread: The introduction of beach vitex into the U.S. occurred 
as long ago as 1955 via the USNA. In the following decades, it was introduced 
at least six times, by two different institutions (not including the JCRA whose 
fi rst and subsequent accessions originated at the USNA). It is not clear to what 
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extent these early accessions were grown, either within the given institutions, 
or distributed to cooperators (i.e. other botanical gardens, arboreta, nurseries, 
etc.). By 1978, beach vitex was growing and being evaluated in North Carolina 
at the JCRA. By 1985, at the time of the USNA Korean expedition, it appears 
that beach vitex was still rare in North American gardens and not available 
within the nursery industry [Newsletter no. 14, 1986 (3)]. After 1985, beach vitex 
was promoted as a landscape plant for coastal areas of the southeastern U.S. 
[Newsletter no. 14, 1986 (3)]. Thus, it appears that by the late 1980’s, beach 
vitex was available in the nursery industry for landscapers and the general public. 
Although the plant had performed well at the JCRA, there appears to have 
been no evaluations of beach vitex in coastal landscapes to further evaluate 
performance or invasiveness in coastal habitats of the southern U.S. By the mid-
1990’s, beach vitex was observed spreading from original seaside plantings into 
natural dune areas (www.beachvitex.org). By 2003, further observations and 
identifi cations of new infestations impacting endangered sea turtle and sea beach 
amaranth (Amaranthus pumilus Rafi nesque) habitats (Dale Suiter, US Fish and 
Wildlife; pers. comm.), led to the creation of the S.C and NC. Beach Vitex Task 
Forces. Together the two groups administer (www.beachvitex.org), a website 
dedicated to disseminating information and educating the public on the spread of 
beach vitex.

With increased public awareness regarding the impact of invasive species on 
biodiversity, and recent legislation in some states banning the production and 
sale of invasive woody landscape plants, it has become imperative that the 
nursery industry take a pro-active response to the role it plays in the spread of 
invasive plants. As a fi rst step, it is recommended that nurseries evaluate and 
remove from production those species that have shown invasive tendencies 
within their local or regional ecosystems (4). Although beach vitex has not been 
legally classifi ed as a noxious or invasive plant species, it is a species of concern 
for both S.C and N.C. Nurseries in both states, should consider removing beach 
vitex from production, until there is suffi cient data clarifying the extent of invasive 
potential, and develop or promote less invasive alternatives.
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Signifi cance to industry: In 2004 we described a production system that 
produced asiatic jasmine ground cover as a slab for installation like turf. These 
slabs, when installed in full sun, grew as well with alternate day irrigation as 
daily irrigation. Pre-treating slabs with Ornamental Herbicide II or Gallery pre-
emergence herbicides signifi cantly reduced weed growth compared to untreated 
control, resulting in substantially improved landscape quality and aesthetics.

Nature of Work: Promotion of ground covers as water conserving substitutes for 
turf grass in border areas has increased public interest. However the drudgery 
and cost of planting individual plants on close spacing has stymied widespread 
appeal. In 2002 we initiated work on producing asiatic jasmine such that it could 
be shipped and installed like turf grass sod. This progressed to production of 
asiatic jasmine in polyethylene propagation trays (1). In addition to installation 
labor and the desire for an Ainstant landscape@ appearance from ground 
covers, weed growth during landscape establishment was also viewed as a 
problem. In the experiment presented here, we transplanted slabs of asiatic 
jasmine into a moderate stress landscape environment as a proof-of-concept 
of the slab production method. Further, we investigated pre-treatment with two 
pre-emergence herbicides to evaluate their effectiveness of post-transplant weed 
control and aesthetic quality. 

In late March 2003, commercial liners of Trachelospermum asiaticum 'Minima' 
(asiatic jasmine) were transplanted into 10.5 x 20 inch polyethylene nursery 
trays in a 7 pine bark fi ne: 3 Fla. sedge peat: 1 sand substrate amended with 
dolomite and micronutrients. Plants were grown at the Mid-Florida Research 
and Education Center in Apopka, FL as described previously (1). On 11 March 
2004 these trays were randomly assigned to 3 groups, treated with either 
Ornamental Herbicide II (OH II, Scotts Co, Marysville, OH) at a rate of 2.3 lbs 
product /1000 ft2, Gallery (Dow Agrosciences, Indianapolis, IN) at a rate of 10.5 g 
product/1000 ft2, or an untreated control. Seven days later, slabs were removed 
from trays, stacked on a nursery trailer and transported to the landscape site. 
There, slabs were installed consistent with observations of commercial sod 
installers onto a tilled sand soil (Apopka fi ne sand). Slabs were arranged to fi ll a 
52 x 50 inch rectangular plot. Eighteen plots were randomly arranged in 3 row 
blocks. Within each row block, the 3 herbicide treatments and 2 irrigation rates 
were randomized. After placement, slabs were hand watered and rolled with 
a 150 lb hand roller. Each plot was irrigated with a single 12-inch tall micro-
irrigation stake with a 350 degree spread. Water was applied at 0.5 in. daily 
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for 2 weeks. Thereafter, half the plots continued the daily irrigation at the same 
rate, while the other half was irrigated on alternate days at 0.5 in per event. 
Irrigation was stopped on 4 December 2004. Strips of woven black polyethylene 
ground cloth, 6 ft wide, were placed adjacent to each plot on all sides. Plots 
were sprayed twice during the summer with Image 70 DG (BASF, Research 
Triangle Park, NC) for nutsedge control. The fi rst application on 4 June was at 
one half (0.25 oz per 3 gal) the recommended rate.. A second application at the 
recommended rate (0.5 oz per 3 gal.) was applied on 21 July. 

On 10 June, each plot was visually rated for weed control, excluding nutsedge. 
Shoots of existing non-nutsedge weeds were removed at soil level, dried to a 
constant weight at 70C and dry mass recorded. In February 2005, extended 
shoot growth of jasmine perpendicular to each edge of a plot was measured 
from the original plot edge to the average longest 25% of shoots, median 50% 
of shoots and average shortest 25% shoot length. Thereafter, all shoots were 
removed at the original plot edge with all sides combined, dried to a constant 
weight at 70C and dry mass determined. Shoot lengths were analyzed as a 
2 x 3 x 4 randomized complete block design with 3 replications ,consisting of 
2 irrigation regimes, 3 herbicide treatment and 4 sides per plot, using ANOVA in 
SAS (SAS Inc., ver. 8, Cary, NC). Shoot dry mass of weeds and asiatic jasmine 
beyond the original plot were analyzed as a 2 x 3 randomized complete block. 
consisting of irrigation and herbicide, respectively, with 3 replications by ANOVA. 

Results and Discussion: Three months after installation, neither irrigation nor 
its interaction with herbicide treatments had an effect on weed control ratings. 
Only differences among herbicide treatments were signifi cant (P<0.001). OH II 
had signifi cantly (P<0.05) greater control (1.2) than Gallery (2.3), with both 
exhibiting signifi cantly better control (P<0.05) than the untreated control plots 
(4.0). Ranking ranged from excellent control with few visible weeds (1), to 
complete coverage of a plot by weed canopies (5). Thus pre-treating slabs with 
a pre-emergence herbicide prior to marketing substantially improved jasmine 
quality during landscape establishment. There were no signifi cant (P>0.05) 
effects of irrigation or herbicide pre-treatment on weed dry mass. However, there 
was a trend (P=0.053) for plots irrigated daily (2.5 oz, 75 g) to have nearly three 
times as much weed dry mass as those irrigated on alternate days (0.9 oz, 27 g), 
across all herbicide treatments. 

Extended jasmine shoot dry mass after one growing season was similar among 
herbicide treatments and irrigation regimes (P>0.05). After 9 months of growth, 
average dry mass of extended shoots across all plots was 21.3 oz (629 g). Like 
extended shoot mass, lengths of the longest 25% of shoots were similar (P>0.05) 
among herbicide treatments and irrigation regimes (mean = 21 in, 54 cm). 
Cardinal direction (north, south, east or west) had no effect. Similar results were 
found of the median 50% of extended shoots. These averaged about 15 inches in 
length (39 cm). For the shortest 25% of extended shoots, there was a directional 
effect. Shoots extending to the north (10.5 inch, 27 cm) were signifi cantly 
(P<0.05) longer than those extending to the south (6.7 inches, 17 cm). East and 
west shoots averaged about 8.7 inches and were comparable to both north and 
south lengths (P>0.05). 
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Image was applied to all plots to control nutsedge germinating from soil below 
each plot. The initial application was at a one-half rate due to concerns of 
phytoxicity to the jasmine. However after no visible foliar damage and little 
nutsedge control, a second application was made at the recommended rate. 
This eliminated all nutsedge while not producing noticeable foliar damage to 
the jasmine.

In conclusion, asiatic jasmine can be successfully produced, transported and 
installed as slabs. Treatment with pre-emergence herbicide prior to shipping 
will greatly improve the landscape appearance. Under moderate stress 
conditions, alternate day irrigation will produce the growth effect as daily 
irrigation during establishment and post-establishment. Asiatic jasmine has 
also shown remarkable resiliency to application of moderate rates (0.33% AI) 
of glyphosate (no surfactant) and Image for post-emergence weed control in 
landscape situations. 
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Signifi cance to Industry: Results suggest that the presence of various turf 
species growing over the root system of trees reduces root and shoot growth as 
well as caliper and leaf area. The infl uence of turf varies depending on species, 
but it appears that cool-season grasses have a greater affect. In the current 
study, cool-season grasses reduced redbud (Cercis canadensis) caliper by 
a minimum of 50% compared to mulched or bare soil plots and annual shoot 
growth was reduced by 70%. The reduction in root and shoot dry weight was 
70% and 85%, respectively. The relative response of pecan (Carya illinoensis) 
trees to turfgrass was less, however, the trends were similar. Overall, trees in the 
mulched plots grew the greatest. Bermudagrass was the least inhibitory turf to 
tree growth and the cool-season grasses were the most inhibitory. 

Nature of Work: The application of an organic mulch around the base of newly 
planted trees is a common practice. Mulches help conserve soil moisture, 
moderate soil temperature extremes, reduce competition for resources from 
weeds and turf, and reduce the instances of trunk injury due to lawn mowers 
and string trimmers (2, 4). In instances where vegetation surrounding newly 
planted trees may have allelopathic properties, mulch may have the additional 
benefi t of reducing the concentration of allelopathic chemicals in the tree root 
zone. Tall fescue (Festuca arundinacea Schreb.) is one common turfgrass that 
has been shown to inhibit growth of other plants including some trees (1, 5). The 
objective of the current research was to determine if common turfgrass species 
used throughout the southern Great Plains inhibited establishment and growth of 
eastern redbud and pecan.

The establishment of the research plots was previously discussed (3). Briefl y, 
during Fall 2002, 25 individual experimental plots 3 m x 12 m (10 ft x 40 ft) were 
established on a silty-loam soil at the John C. Pair Horticultural Center near 
Wichita, Kans. Turfgrass established in the plots was ‘Kentucky-31’ tall fescue, 
‘Moonlight’ Kentucky bluegrass (Poa pratensis L.), or ‘Midlawn’ bermudagrass 
[Cynodon dactylon (L.) Pers.]. Seedling eastern redbud or pecan were planted 
(two trees of each species were planted per plot) on 3 m (10 ft) centers on April 
25, 2003. On an annual basis, cool season grasses were fertilized with 1.5 
kg/100 m2 (3 lbs/1000 ft2) nitrogen and the warm season grass was fertilized with 
1.0 kg/100 m2 (2 lbs/1000 ft2) nitrogen from 46N-0P-0K. Irrigation was applied to 
the entire plot at a minimum of 2.5 cm (1.0 in) per week to prevent water stress. 
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Bare soil and mulched plots were maintained weed free with spot treatments of 
2.0% Roundup UltraMax as needed. 

In September 2004 caliper and annual growth of the three longest shoots were 
measured. A leaf area meter (Li-Cor, model, Lincoln, NE) was used to determine 
average leaf area of 10 recently matured leaves per plant. All living leaves were 
removed from each tree and dried for 14 days at 194 °C (90 °F). Dried leaves 
were weighed to determine total leaf dry weight per plant. Stems were severed 
at the soil interface and dried for 28 days at 194 °C (90 °F) to determine total top 
dry weight. Root systems were dug with a tree spade (Vermeer TS-44, Pella, IA) 
to ensure consistent soil volume at harvest. The spade dug a cone of soil 1.12 
m (3.7 ft) in diameter and a depth of 0.99 m (3.25 ft) for a total volume of 0.32 
m3 (11.4 ft3). Due to the vertical growth habit of pecan roots, their root systems 
were dug with a smaller soil volume of 0.16 m3 (0.89 m dia. and 0.79 m depth) 
[5.7 ft3 (2.9 ft dia. And 2.6 ft depth)]. Root systems were washed free of soil and 
dried similar to the tops to provide root dry weight. Each species was analyzed 
separately. Therefore the experimental design was a randomized completely 
block design with 5 treatments (three grasses, bare soil, and mulch), each 
replicated 5 times. Data were subject to ANOVA and means were separated by 
protected LSD (P ≤ 0.05) when appropriate.P ≤ 0.05) when appropriate.P

Results and Discussion: All growth data for redbuds were signifi cantly affected 
by the presence of turf (Table 1). After two years stem caliper, shoot extension, 
root weight, shoot weight, leaf weight, and leaf area were greatest in the mulched 
and bare soil treatments. For pecan, only stem caliper, root weight, and leaf area 
were signifi cantly affected by the turfgrass (Table 2). In all cases there was no 
signifi cant difference between the mulched plots and the bare soil plots. Trees 
growing in fescue always had the least amount of growth, however, there was 
never a signifi cant difference between the fescue and the Kentucky bluegrass. 
Of the three turf species, bermudagrass appeared less prohibitive to tree growth. 
Although unexpected, this result may be explained due to the nature of a warm 
season grass. When tree roots are at peak growth, warm season grass is either 
dormant or minimally growing. 

Literature Cited:

1.  Larson, M.M., S.H. Patel, and J.P. Vimmerstedt. 1995. Allelopathic 
interactions between herbaceous species and trees grown in topsoil and 
spoil media. Journal of Sustainable Forestry 3(1): 39-52.

2.  Lloyd, J. 1997. Plant health care for woody ornamentals. Printec Press, 
Champaign, IL.

3.  Griffi n, J.J., W.R. Reid, and D.J. Bremer. 2004. Turfgrass affects fi rst year 
growth and photosynthesis of redbuds (Cercis canadensis L.). Proc. SNA 
Res. Conf., 49th Annu. Rpt. p. 431-433.

4.  Hartman, J.R., T.P. Pirone, and M.A. Sall. 2000. Pirone’s Tree Maintenance, 
7th ed. Oxford University Press, Inc. New York.

5. Smith, M.W., M.E. Wolf, B.S. Cheary, and B.L. Carroll. 2001. Allelopathy of 
bermudagrass, tall fescue, redroot pigweed, and cutleaf evening primrose on 
pecan. HortScience 36(6): 1047-1048.



Landscape Section 539

SNA RESEARCH CONFERENCE - VOL. 50 - 2005

Table 1. Caliper, shoot extension, root weight, shoot weight, leaf weight, and leaf 
area of redbud trees growing under various turfgrasses, mulch, or bare soil. Data 
collected after the growing seasons of 2004.

Treatment Caliper 
(cm)

Shoot 
Exten. 
(cm)

Root 
Weight 

(g)

Shoot 
Weight 

(g)

Leaf 
Weight 

(g)

Leaf 
Area 
(cm2)

Mulch 5.2 az 87.0 a 1978 a 2614 a 882 a 106.3 a
Soil 4.8 a 87.4 a 2231 a 2383 a 931 a 109.8 a
Bermudagrass 3.5 b 41.5 b 1261 b 1077 b 330 b 69.1 b
K. Bluegrass 2.6 c 28.8 bc 671 c 424 b 143 b 53.9 b
Fescue 2.1 c 14.6 c 494 c 299 b 97 b 46.1 b
Signifi cance ** ** ** ** ** **

z Mean separation within a column by Fisher’s protected LSD (P≤0.05); n=10. Means followed by the 
same letter are not signifi cantly different. 

**Signifi cant at P<0.01.

Table 2. Caliper, shoot extension, root weight, shoot weight, leaf weight, and leaf 
area of pecan trees growing under various turfgrasses, mulch, or bare soil. Data 
collected after the growing seasons of 2004.

Treatment Caliper 
(cm)

Shoot 
Exten. 
(cm)

Root 
Weight 

(g)

Shoot 
Weight 

(g)

Leaf 
Weight 

(g)

Leaf 
Area 
(cm2)

Mulch 2.3 az 23.2 589 a 245 99 313 a
Soil 2.2 a 26.6 489 ab 211 82 249 a
Bermudagrass 1.8 b 17.3 314 bc 116 39 147 b
K. Bluegrass 1.5 bc 13.9 253 bc 86 22 135 b
Fescue 1.3 c 9.9 111 c 53 8 97 b
Signifi cance ** ns ** ns ns **

z Mean separation within a column by Fisher’s protected LSD (P≤0.05); n=10. Means followed by the 
same letter are not signifi cantly different. 

NS, **Nonsignifi cant or signifi cant at P<0.01, respectively.
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Signifi cance to Industry: Florida’s landscape and nursery industry is the second 
largest in the United States. A survey conducted by researchers at the University 
of Florida to study the economic impact of the environmental horticulture industry 
estimated that the industry generated $ 9.9 billion in sales annually. There are 
more than 160,000 persons employed in the industry and the total value added 
generated was $ 6.04 billion, including $ 4.12 billion in labor income, and $462 
million in excise and sales taxes paid to local, state, and federal governments. 
The landscape industry employed 61,000 persons and provided services such as 
design, construction, maintenance and related goods, and was valued at $ 3.11 
billion (2). A variety of federal, state, or local regulatory issues govern and affect 
how landscape service providers conduct their business and manage day-to-day 
operations. Landscape service providers share several concerns as a result of 
inconsistencies that may arise from communication gaps that exist between the 
industry professionals and the regulators.

Nature of Work: In the United States, less than fi fty percent of the states require 
some form of licensing to perform certain functions associated with landscape 
installation or maintenance. The states that enforce licensing requirements tend 
to have minimal standards for licensure (1). Periodic examination or continuing 
education for renewal of licensing is not required in some states and thus, a 
licensed landscape contractor competes with an unlicensed contractor who may 
be willing to provide the same services for lower prices. Many large landscape 
projects require bids and often, the lowest bids are accepted thus forcing the 
landscape contractors to lower their prices. 

The fundamental purpose of local, county, state, or federal landscape 
ordinances should incorporate sound principles of horticulture, ecology, and 
protect the environment. The landscape ordinances however, may not always 
be compatible with the scientifi c principles and practices recommended in 
establishment and maintenance of landscape plants. The ordinances may 
vary among regulatory or governing bodies such as local, county, city, state, or 
federal agencies. Furthermore, the regulations may change from year to year. 
Landscape professionals understand that it is their responsibility to keep up 
with the current regulatory issues and to adhere to professional standards in 
providing the services. These regulatory issues impact economic outcome of 
a landscape business. Therefore, proper communication between the industry 
professionals and the regulators is fundamental to successful management of a 
landscape business. 
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The purpose of this study was to understand the economic impact of 
communication gaps that exists between the regulators and the service 
providers. 

Results and Discussion: To better understand this important issue, this study 
will focus on three specifi c regulatory related matters related to wages, company 
vehicle usage, and variation in regional ordinances on planting trees. Each one 
of these issues are presented and discussed on the basis of data collected from 
a landscape company.

1. Wages: Labor costs are usually the highest among the various categories of 
costs associated with landscape installation and maintenance. Often, the labor 
costs are diffi cult to estimate since there are various criteria used in computing 
labor costs. Typically, most experienced managers break down the various tasks, 
determine the quantities of materials required for the tasks, and then compute 
an hourly rate to be paid as a wage. However, in addition to the hourly wage 
other costs included among the labor costs are employee insurance, vacation 
and holiday time, lunch and coffee breaks, travel time, overtime, downtime 
(unproductive time), and the labor burden (1). The labor burden comprises 
of federal and state unemployment tax, workers compensation, and federal 
insurance contributions. Also included among the labor costs may be supervision 
costs, overhead liability insurance, and general overhead. Based upon these 
variables, labor rates per worker and average labor rates per crew are estimated. 

Consider the following example of a landscape company that pays an estimated 
$ 13.00 per hour straight time rate and $ 21.00 per hour overtime rate per person 
for landscape installation tasks. If a person were to work for a total number 
of 2000 hours per year of which 200 hours are paid out at an overtime rate, 
it results in a net increase of $ 1,600 in salary per year per person. Several 
landscape companies do not pay overtime and thus, a disparity may occur on 
how the businesses are operated and managed. The Florida law on overtime pay 
requires that an employer pay overtime after 10 hours of work in one day. The 
Federal Fair Labor Standards Act limits the standard work week to 40 hours for 
most employees, excluding executives and professionals. Work beyond 40 hours 
per week requires overtime pay, which is defi ned as at least 1-1/2 times the 
regular hourly rate. The federal or state regulators may not enforce these laws in 
a stringent manner. The net result of such oversights leads to economic impacts 
and hardships experienced by the industry professionals who adhere to legal and 
higher standards. 

2. Company Vehicle Usage: An issue of common occurrence varying among 
landscape service providers is the usage of company vehicles. Federal standards 
require that occupant compartments of vehicles be designed to protect occupants 
during a crash. The beds of pickup trucks are designed to carry cargo, not 
people, and are not designed to provide protection in a crash. Thirty states and 
the District of Columbia have addressed the hazard of riding in cargo areas with 
a variety of laws. The State of Florida restricts riding in the cargo area of trucks. 
Pickup truck drivers and their passengers are among those Americans least likely 
to regularly wear their belts according to the National Highway Traffi c Safety 
Administration (NHTSA) and thus, federal, state and local law enforcement and 
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highway safety partners in Alabama, Florida, Georgia, Kentucky, Mississippi, 
North Carolina, South Carolina and Tennessee are joining together to launch an 
aggressive new public awareness initiative called “Buckle Up In Your Truck.” In 
addition to the all important safety issues, the company vehicle usage policy has 
economic implications. Consider the following data from a landscape company 
(Table 1).

Based upon the data represented in Table 1, it is clear that the vehicle operation 
cost per hour of crew truck #1 ($ 2.47) is 33% higher than that of the crew truck 
#2 ($ 1.65). The net savings for vehicle operation cost/hour with the use of a 6 
passenger truck and for accommodating all six of the crew members is $ 0.82 as 
compared with the truck # 1 that accommodated only three passengers. When 
six crew members are accommodated in a 3 passenger crew truck, there is a 
net savings of $ 0.41 in vehicle operation cost/hour when compared with crew 
truck #2. Therefore, on an annual basis, the actual cost per crew mile incurred by 
a landscaper who adheres to higher standards and follows law may be as high 
as $ 5,116 ( 6 men X 1,040 total mhr/month X 12 mo X $ 0.41 = $ 30, 700 / 6 = 
$5,116). Lack of enforcement contributes to varying ethical practices and legal 
standards followed in the industry. 

3. Regional Ordinances and Planting Trees: Landscape and irrigation codes may 
vary widely from one city to another within a county or between two adjacent 
counties. A comprehensive report published by Tampa Bay Water, based upon 
a project conducted to evaluate landscape/irrigation ordinances concluded that 
overall ordinance enforcement and compliance is not consistent among four of 
the six members of Tampa Bay Water Member Governments (consisting of the 
Hillsborough County, Pasco County, City of Tampa, and City of St. Petersburg) in 
Florida (3).

Consider the following information pertaining to a commercial landscape client 
(franchise hotel management) that owns hotel properties in two adjacent counties 
(Hillsborough and Pasco) in Florida. The Pasco County ordinance requires 
planting Live Oaks (Quercus virginiana) having a caliper dimension (dbh) of four 
inches during installation phase whereas, Hillsborough County requires a caliper 
of two inches during the same phase. The cost of a four inch caliper Live Oak 
tree may be four times higher than that of a two-inch caliper tree at wholesale 
prices. Although this cost is directly billed to the client, landscape service 
providers are responsible for providing justifi cation in variation of pricing. Often, 
clients may fi nd it diffi cult to justify such increases in their costs as well. Further, a 
client is likely to compromise the quality of a landscape as a cost saving measure 
which leads to creation of two varying landscapes in two adjacent counties. The 
professional image and reputation of a landscape company may also be at risk 
as a result of inconsistent ordinances.

In conclusion, effective communication is necessary to promote higher ethical 
and business standards in the landscape industry. Inconsistent regulations or 
lack of enforcement may provide means and ways of handling a landscape 
business in an improper manner thus leading to lower quality of services 
provided to a client. Improving ordinances, educating contractors and builders, 
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and personal responsibilities in maintaining higher standards will contribute to 
strengthening the professionalism of this economically signifi cant industry. 
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Table 1. A Comparative Vehicle Use Analysis. 

Crew Truck #1 (3 passenger Ford 
F-250 or equal) Cost of New Vehicle = 
$ 25,000

Crew Truck #2 (6 passenger Ford 
F-350 Crewcab) Cost of New Vehicle = 
$ 35,000

Expense Category Cost ($) Expense Category Cost ($)
Monthly lease (per month) 500 Monthly lease (per month) 800
Insurance (per month) 300 Insurance (per month) 350
Tax/Tag (per month) 11 Tax/Tag (per month) 15
Fuel on 24,000 miles/year @ 
52 gallons/week @ $ 2.10/
gallon (per month)

473 Fuel on 24,000 miles/year @ 
62 gallons/week @ $ 2.10/
gallon (per month)

564

Total Monthly Cost 1,284 Total monthly cost 1,714
(3) men @ 40 mhr each/
week or total mhr/month

520 (6) men @ 40 mhr each/
week or total mhr/month

1,040

Vehicle operation cost/hr 2.47 Vehicle operation cost/hr 1.65
Vehicle operation cost/hr 
with 3 men in the cab and 
3 men in the bed

1.24
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Signifi cance to Industry: High maintenance land uses receiving greater than 
normal levels of water and nutrient input have a propensity to produce greater 
amounts of polluted runoff water that contribute to degradation of surface water 
quality. Best Management Practices (BMPs) in agricultural settings include 
the use of vegetated fi lter strips containing turf and other vegetation as a 
means of slowing runoff, catching sediment, and absorbing excess nutrients. 
Implementation of BMPs, particularly vegetated fi lter strips, at nurseries is 
important as a means of protecting our water resources. In addition, it is 
important that employees at retail nurseries along with landscape professionals 
are properly educated on these BMPs. In turn, homeowners and consumers, 
who most often turn to nurseries and landscape professionals for information 
(3), will receive correct information that will help decrease non-point source 
(NPS) pollution. This study compared the effectiveness of different landscape 
surfaces in reducing runoff in order to inform and make recommendations to the 
nursery industry.

Nature of Work: Nutrient and sediment runoff from urban landscapes contribute 
to watershed impairment via adverse consequences to the biological and 
physical environments. In addition to the negative impacts NPS pollution can 
have on aquatic ecosystems, it is also a human health issue. Nitrates can 
be deleterious in potable water sources (1) and surface waters affected by 
excessive nutrients and sediment face limited use by humans for recreation (4).

Land use and vegetation cover have been shown to infl uence nutrient and 
sediment runoff. Rai and Sharma (6) found increased losses of N and P and 
increased sediment erosion as forested land was converted to agricultural land 
over a three year period. Turfgrass plantings, particularly those associated with 
golf courses, have also been studied. Intensively managed turfgrass, as found on 
golf courses, often contributes to N and P runoff (2). Nutrient loading of surface 
waters from urban and suburban landscapes is highly variable due to many 
factors including soil type, vegetation cover, and management practices (5). 

In efforts to reduce nutrient runoff from agricultural lands, research on BMPs 
in nutrient management and nutrient and soil stabilization have made progress 
in reducing agricultural contributions to nutrient and sediment loading of 
watersheds. The implementation of riparian buffer strips with various types of 
vegetation to absorb or fi lter nutrients and sediments in runoff can reduce the 
deleterious impact to adjacent streams (7). In managed urban and suburban 
landscapes, turfgrasses have been employed in similar roles as vegetative 
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buffers, but this practice is not used consistently. Also, while it is generally 
believed that turfgrass provides effective buffer vegetation, little research has 
addressed alternatives to turfgrass in urban landscapes as a means of runoff 
reduction (1).

Research plots were located on a N/NE facing slope at Kentland Farms, near 
Blacksburg, VA. An arrangement of replicated triplicate plots (Fig. 1) was used 
to impose precipitation treatments. Each triplicate plot was made up of three 8 ft. 
x 8 ft. plots that all received the same landscape treatment. Following the down 
slope of the hillside, 6 in. d. PVC pipe cut length-wise in half to form troughs 
was used to cover and collect 50% of precipitation falling on the middle plot and 
move it and deposit it over the lower plot. The troughs were held 6 in. above the 
ground using bent steel wire to prevent interference with any growing vegetation. 
The use of these troughs creates three manipulations of precipitation across 
the triplicate plot, with 100% of actual precipitation falling in the upper plot, 50% 
falling in the middle plot, and 150% of the precipitation volume applied to the 
lower plot. All triplicate plots were arranged in one row, with 8 ft. spacing between 
each plot. Landscape treatments used were bare soil, turfgrass, shredded wood 
mulch, and simulated urban forest [four 1.25 in. d. pin oak (Quercus palustris) 
mulched with leaf litter]. A weather station on-site was used to monitor rainfall 
amounts. Runoff volumes and sediment masses of ten rainfall events between 
July and December of 2004 are reported on here. 

Results and Discussion: Differences in land cover across all ten events 
were compared by the proportions of runoff volume and sediment mass to the 
received precipitation. In general, at higher precipitation treatments, there was 
relatively less proportional runoff, suggesting soil was not saturated (Fig. 2a). The 
proportion of sediment to the volume of precipitation did not necessarily increase 
at greater precipitation treatment levels. Turf treatments showed the least amount 
of sediment losses (Fig. 2b). In analyzing individual rain events, volume of runoff 
varied signifi cantly by land cover and precipitation treatment, with the exception 
of land cover in the Dec. 1 event (data not shown). Turf treatments generally 
produced the least runoff. Sediment mass in runoff during individual events only 
varied signifi cantly by land cover in four of the ten events. Signifi cant variation 
between precipitation treatments only occurred in two of the ten events (data 
not shown). The results support unfertilized turfgrass as an effective vegetation 
for reducing runoff and sediment losses compared to the other landscape 
treatments.
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Figure 1. A triplicate plot to provide urban landscape experimental areas with 
100% (top), 50% (middle), and 150% (bottom) of natural precipitation (n for each 
land cover treatment = 3).
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Figure 2. Runoff volume (a) and sediment mass (b) per precipitation volume 
received by land cover type and precipitation treatment. Error bars indicate 
standard error.
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Signifi cance to Industry: Results of this research indicate that post-transplant 
root growth of container-grown mountain laurel (Kalmia latifolia) may be improved 
by amending the backfi ll with pine bark to overcome the differences in physical 
properties between container substrate and landscape soil. Planting such that the 
root ball is above the surface of the soil and mulch is applied around the exposed 
root ball may also improve initial post-transplant root growth. 

Nature of Work: Physical properties of pine bark based nursery container 
substrates can differ dramatically from those of a landscape soil or backfi ll. These 
dissimilarities can hinder root growth, and may also impact plant available water 
(1,3,4,5). Until a plant’s roots grow out from the original root ball and into the 
surrounding soil, a plant is unable to exploit the soil for water and nutrients and 
must rely solely on those resources in the original root ball (1). Mountain laurel 
(Kalmia latifolia) is a native evergreen shrub that frequently does not survive 
transplanting from containers into the landscape. By attempting to improve 
survival of transplanted mountain laurel, it may be possible to identify important 
factors that could improve survival of diffi cult-to-transplant ornamental shrubs 
in general. Previous research with mountain laurel has shown that amending 
the backfi ll with peat and/or pine bark improves its post-transplant shoot growth 
and survival (2). In the wild, the majority of mountain laurel roots proliferate 
horizontally in leaf litter, surface organic matter, and the uppermost soil layer 
(personal observation). The benefi t of a soil amendment at transplanting and 
the plant’s natural root distribution in the soil indicate that mountain laurel may 
benefi t from specialized planting practices. Most research today that evaluates 
transplant success does so on the basis of survival and above ground growth. 
Factors affecting transplant survival may be further elucidated by studying root 
growth responses to different transplant conditions and/or practices. Therefore, 
the objective of this study was to determine the effect of different backfi ll 
compositions on post-transplant root growth of mountain laurel.

Plants of ‘Olympic Wedding’ mountain laurel were removed from 5 gal containers, 
and one plant each was situated in the center of each Horhizotron. The 
Horhizotron is a new instrument that can be used to easily measure root growth 
under a wide range of rhizosphere conditions (7). Each Horhizotron had four 
wedge-shaped glass quadrants extending outward away from the root ball, and 
each quadrant within a Horhizotron was fi lled with a different substrate: 100% 
pine bark (PB), 100% fi eld soil, mixture of 50:50 (by vol) PB:soil, or 100% soil in 
the lowest 4 in and 100% PB in the top 4 in (hereafter referred to as mulched). 
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This last treatment was meant to mimic a planting situation in which a plant is 
planted such that the top of the root ball is above the surface of the ground and 
then mulch is piled up around the root ball. Plants were greenhouse grown in 
Auburn, AL from July 1 – Oct 4 and outdoors in Blacksburg, VA from June 15 – 
Oct 31. Plants were hand watered as needed. Treatments were applied in a 
randomized complete block design with fi ve blocks (each Horhizotron represents 
one block). Root growth was measured once a week in Blacksburg and every two 
weeks in Auburn. Root growth into each quadrant was quantifi ed by measuring 
the length of the fi ve longest roots along each of the two glass faces of each 
quadrant. Data were analyzed using GLM procedures, regression analysis, and 
means separation using Least Signifi cant Differences (6).

Results and Discussion: Throughout the course of both experiments 
(locations), substantially less root growth occurred in the 100% soil compared to 
all other treatments (Figure 1). Root growth increased linearly in all substrates 
and at a more rapid rate in all treatments that included pine bark compared 
to 100% soil (Figure 1). Amending fi eld soil with 50% (by volume) pine bark 
improved root growth over the 100% soil, and when pine bark was layered on 
top of soil (mulched), roots grew only in the pine bark and did not grow into the 
soil. This is similar to results of fi eld research conducted by these authors in 
which roots proliferated in the mulch applied to plants that were planted with 
their root ball above the soil surface (unpublished data). While roots grew at a 
faster rate in Auburn than in Blacksburg, likely due to higher temperatures, the 
effect of substrate on post-transplant root growth was similar at both locations. 
These results agree with previously published research that show that survival of 
mountain laurel was improved when the soil was amended with pine bark (2).
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Figure 1. Effect of backfi ll composition on post-transplant root growth of 
mountain laurel in (A) Auburn, AL (July 1 – Oct 4) and (B) Blacksburg, VA 
(June 15 – Oct 31). DAP = days after planting.
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Landscape and Container Settings

Heather C. Pecot, Edward W. Bush and Allen D. Owings
Louisiana State University, Dept. of Horticultural Sciences, 

Baton Rouge, LA 70808
hkirk1@lsu.edu

Index Words: Southern Magnolia, Magnolia grandifl ora ‘Little Gem’, Bald 
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‘Natchez’, Azalea, Rhododendron indicum ‘George L. Tabor’, Indian Hawthorn, 
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Signifi cance to Industry: Planting depth can be critical to the successful 
production of containerized ornamental plants as well as fi eld grown ornamental 
plants. Mulching depths are another important cultural practice utilized in urban 
landscapes. Specifi cally, excessive or insuffi cient planting and mulching depths 
must be avoided to maximize plant growth and vitality. To achieve this goal, 
specifi c tolerances of several universally used species should be established.

Nature of Work: Proper planting depth is a key factor in successful 
establishment of ornamental trees, shrubs, and ground covers. It is a common 
belief that planting a tree, shrub, or groundcover too deep causes a smothering 
effect, because of the plants inability to suffi ciently consume oxygen. Plants 
that are installed with roots exposed above ground can also suffer by becoming 
prime targets for mechanical injuries to occur and pest infestations (1). Loss of 
water via transpiration and evaporation is another concern due to exposed plant 
roots. There are several benefi ts to the cultural practice of mulching. Mulching 
impedes the growth of weeds that compete for water and nutrients. It conserves 
soil moisture by slowing evaporation, it can provide protection from mechanical 
damage, and mulch reduces soil compaction, and moderates soil temperature, 
as well as improves fertility through decomposition of the organic compounds 
that comprise mulches. Mulch also prevents erosion (2,3,4). Appropriate 
mulching depths in the Southeast United States vary depending on plant species. 
Choosing the appropriate mulching depth is important (6). 

Six different planting depths and mulch treatments were applied to nine different 
species of landscape plants in a fi eld study in July 2001. Plants species were 
maintained for a two-year study period: Southern Magnolia, Magnolia grandifl ora, 
Bald Cypress (Taxodium distichum), Crape Myrtle (Lagerstromia indica x 
fauriei), Azalea (Rhododendron indicum), Indian Hawthorn (Raphiolepis indica), 
Loropetalum (Loropetalum chinense), Dwarf Gardenia (Gardenia jasminoides), 
Dwarf Nandina (Nandina domestica), and Liriope (Liriope muscari). Four growth 
indices and quality ratings were collected over this two-year study. A second 
experiment was conducted on the same plant species in a container study that 
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involved three different planting depths. Growth indices were taken four times 
over an eight-month period, and shoot and root dry weights were also collected. 
The following planting depths were used in the fi eld study: 7.6 cm above grade, 
3.8 cm above grade, at grade, 3.8 cm below grade and 7.6 cm below grade. One 
half of the plants in the fi eld were mulched at a rate of three-inches with 5/8th 
screen pine bark mulch. In the container study the following planting depths were 
used: at grade, 3.8 cm below grade, 7.6 cm below grade.

Results and Discussion: Loropetalum was omitted from both studies due to 
poor performance. For all species, growth did not differ among the planting depth 
treatments in the fi eld. However, there was an observed effect by the application 
of mulch on seven of the eight species in the fi eld study. In the tree species both 
magnolia and bald cypress were negatively affected by mulch. Whereas, all three 
ground covers were positively and signifi cantly affected by the application of 
mulch. There was a positive effect observed in the remainder of the fi eld species, 
but no statistical signifi cance. In the container study, negative and signifi cant 
effect of planting depth was observed in azaleas, liriope, and dwarf nandina. 
All three species were negatively affected by the increasing planting depths. All 
other species were not affected by planting depth. In magnolia and bald cypress 
species a positive correlation with growth and increased planting depth was 
observed, however, statistically insignifi cant. 
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Figures 1-5. Species that showed a signifi cant affect of mulch application in the 
fi eld. Figures 6-8. Species that showed a signifi cant affect of planting depth in 
container production
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Signifi cance to Industry: In an effort to curb the use and distribution of invasive 
plant species, over 38 botanical gardens, garden clubs, professional societies, 
or nursery associations have adopted voluntary codes of conduct associated 
with risk assessment, plant selection, importation, and production of ornamental 
plants. Research on landscape plants is critical to provide scientifi c evidence of 
whether a plant is currently invasive or has great potential to become invasive 
and to set priorities for developing or promoting sterile cultivars. 

Nature of Work: The use of ornamental grasses in median strips, parking lot 
borders, and for erosion control on slopes has become increasingly popular over 
the years. While most serve to beautify our landscapes, some have escaped 
cultivation and become invasive. Of the grasses listed as invasive by the Florida 
Exotic Pest Plant Council (FLEPPC), 8% belong to Poaceae (1). Miscanthus 
sinensis is a grass species not on the FLEPPC list but nevertheless has received 
considerable negative attention due to its invasive properties in other states. The 
species has escaped cultivation in 25 states (4) including Florida (one county) 
(7). Data from the UF-IFAS Status Assessment revealed no current threat of 
the Miscanthus sinensis in north, central, and south Florida and endorsed its 
planting use in Florida (5). It has been estimated that 50 Miscanthus selections 
have been introduced over the past 20 years (3) and Grounds (2) states that 
there are now well over a hundred named varieties. Modern selections offer 
ranges in fl owering time, panicle size, leaf width and color, and plant form but 
little data reveals their seed production and viability. Due to concerns over 
invasive self seeding behaviors, Meyer and Tchida (3) examined infl orescences 
of 41 Miscanthus taxa grown in four USDA hardiness zones (4, 5, 6, and 7) for 
seed set and germination. The wide variation between cultivars and location in 
zones 4-7 warranted additional research for zones 8 and 9. The objectives of this 
study were to evaluate plant performance, fl owering, and viable seed production 
of 15 Miscanthus sinensis cultivars grown in north Florida (Zone 8b) and south 
Florida (Zone 9b). 

Fifteen M. sinensis taxa (Table 1) were selected for this study based on 
popularity and availability. Clonally propagated cultivars were obtained as liners 
from Emerald Coast Growers (Pensacola, FL) with the exception of ‘Adagio’ 
that were obtained from Tallahassee Nurseries (Tallahassee, FL). Liners were 
fi nished in 1 gal (3.8 L) containers on site at the North Florida Research and 
Education Center (Quincy, FL). Nine uniform plants of each taxon were installed 
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in south Florida (Fort Pierce) and north Florida (Quincy) on 11 June 2003. Plants 
were placed 7 feet (2.13 m) on center in beds covered with black landscape 
fabric. Plants were watered by seep (Fort Pierce) or drip (Quincy) irrigation as 
needed and fertilized with 15-9-12 N:P:K Osmocote Plus (Scotts Co., Marysville, 
OH) 4 and 56 weeks after planting.

Visual quality (plant color and form) was assessed monthly by three individuals 
for each cultivar independently at each location. Assessments of color and form 
were performed on a scale from 1 to 5 where 1=very poor quality, not acceptable, 
severe leaf necrosis or yellowing, 2=poor quality, not acceptable, large areas of 
necrosis or yellowing, poor form, 3=fair quality, marginally acceptable, somewhat 
desirable form and color, 4=good quality, very acceptable, nice color without 
yellowing, good form, marketable, and 5=excellent quality, very marketable. 
Assessments of fl ower coverage were performed on a scale from 1 to 5 where 
1=0% (no fl owers present), 2=25%, 3=50%, 4=75%, and 5=100% (maximum 
canopy coverage). On 15 Feb 2004, plants at each location were cut back to 
1-2 ft. above ground in accordance to industry standards. Plants were harvested 
(13 Jan 2005) after 84 weeks. Infl orescence number, growth indices and crown 
diameter were recorded for each plant. Immature seeds or seeds with visible 
indication of pathogen or insect damage were discarded, while remaining 
seeds were cleaned. Pre-germination viability tests were replicated twice on a 
subset of 100 seeds per cultivar. Seeds were stained for 4 h at 35 ºC (95 ºF) 
in 0.1% tetrazolium (2, 3, 5-triphenyl chloride) solution with positive staining 
patterns confi rming seed viability (Mid-West Seed Service Inc., Brookings, 
SD). The remaining 400 seeds per cultivar were subjected to germination tests 
(4 replications of 100 seeds per test) at 20 °C (68 ºF) for 14 days in petri dishes. 
Ungerminated seeds were subjected to post germination viability tests as 
described above. 

The fi eld experiments were conducted identically in north and south Florida using 
a randomized complete block experimental design with 15 taxa and 9 single 
plant samples within 3 replications. Each experiment was subjected to analysis of 
variance (ANOVA) and signifi cant means separated by LSD, p=0.05 level. 

Results and Discussion: In September 2004 (68 weeks after planting), 
‘Cabaret’ and ‘Morning Light’ planted in south FL had signifi cantly lower visual 
quality ratings (less than 3.0) than the other cultivars in north FL (Table 1). In 
south FL, ‘Puenktchen’ and ‘Variegatus’ also had visual quality ratings less than 
3.0. During this time, fl ower ratings were between 4.0 and 5.0 for all cultivars 
except ‘Morning Light’ (north and south FL) and ‘Cabaret’, ‘Central Park’, 
‘Cosmopolitan’, ‘Gracillimus’, and ‘Morning Light’ (south FL only) (Table 1). Plants 
in north FL generally were taller, wider, and had more infl orescences than plants 
in south FL (Figure 1). In north FL, ‘Adagio’, ‘Arabesque’, ‘Gracillimus’, and 
‘Silberfeder’ had between 400 and 600 infl orescences within a single counting, 
whereas in south FL, ‘Adagio’, ‘Arabesque’, ‘Little Kitten’, and ‘Sarabande’ had 
between 200 and 400 infl orescences. Wilson et al. (2004) also found large 
differences in plant growth and seed production of 14 Buddleja taxa planted 
in south FL (Zone 9b) and north FL (Zone 8b). Seed viability ranged from 40% 
(‘Sarabande’) to 94% (‘Zebrinus’) (Data not shown). This was noticeably higher 
than that reported by Meyer and Tchida (1999) where eleven M. sinensis cultivars 
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(including ‘Morning Light’, ‘Variegatus’, and ‘Zebrinus’) had less than 18% viable 
seed in zones 4-7. Greatest germination of viable seeds was encountered for 
Japanese silver grass (99.6%), ‘Zebrinus’ (99.7%) and ‘Central Park’ (99.7%), 
whereas ‘Little Kitten’ had the lowest percent of viable seed germination (54.4%) 
(Figure 1). At the termination of the experiment (after 84 weeks), all of the plants 
survived in both locations, with the exception of ‘Morning Light’ where 22% (south 
FL) or 33% (north FL) of the plants died. 
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Table 1. Visual quality and fl ower ratings of 15 Miscanthus sinensis taxa grown in 
north (Quincy) and south (Fort Pierce) Florida. 

Miscanthus sinensis taxa
Visual quality ratingz Flower ratingz

North FL South FL North FL South FL
Japanese silver grass 4.33 3.33 5.00 4.00 
‘Adagio’ 3.89 3.83 4.78 4.50 
‘Arabesque’ 4.11 3.67 5.00 4.83 
‘Cabaret’ y 2.78 2.67 4.78 3.17 
‘Central Park’ y 3.44 3.00 4.89 3.50 
‘Cosmopolitan’ y 4.11 3.00 5.00 2.67 
‘Gracillimus’ 4.44 3.17 5.00 1.33 
‘Graziella’ 4.33 4.00 5.00 4.83 
‘Little Kitten’ 3.33 3.67 4.56 4.67 
‘Morning Light’ 2.11 1.83 1.89 1.00 
‘Puenktchen’ 3.67 2.83 4.56 3.83 
‘Sarabande’ 3.89 4.17 4.67 4.83 
‘Silberfeder’ 3.89 3.50 5.00 4.17 
‘Variegatus’ 3.94 2.83 5.00 4.00 
‘Zebrinus’ 4.33 3.33 4.89 4.00 

LSD (0.05) 0.58 0.51 0.39 0.57
ZData recorded 2004 September (3 months prior to fi nal harvest) after plants were in the ground for 
68 weeks.

yIndicates that the cultivar is from the variety condensatus.
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Figure 1. Average infl orescence number (y axis) during a single harvest 
(September 2004) and percent germination of viable seed for 15 Miscanthus 
sinensis taxa.


