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The HorhizotronTM: A New Instrument
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Index Words: Landscape, Establishment, Transplanting, Ornamental,
Container-grown, Rhizosphere
Signiﬁcance to Industry: Observing root growth away from the original
root ball into the soil backﬁll or container substrate has importance for both
landscape and nursery applications. The HorhizotronTM provides a simple,
non-destructive method to measure root growth under a variety of rhizosphere
conditions. The ease with which the root environments can be manipulated
when using this system suggests that this technique will have broad application
for use in horticultural research on factors affecting landscape establishment;
soil or container substrate chemical and physical properties; effects of plant
growth regulators and herbicides on root growth; environmental effects on root
growth; mycorrhizal associations; and propagation techniques.
Nature of Work: Following transplanting into the landscape, the majority
of plant roots initially grow horizontally into the soil, substrate, or backﬁll (2).
Exploitation of the surrounding landscape soil or container substrate is critical
for the plant to obtain water and mineral nutrients needed for healthy growth
and development. Many techniques have been developed to measure root
growth; however, most focus on the vertical distribution of roots through the
soil, and they can be expensive, time consuming, difﬁcult to construct, or
destructive (1). There is a need to develop a technique that can easily monitor
horizontal root growth under a wide range of soil, environmental, and plant
conditions. The HorhizotronTM (horizontal root growth measurement instrument),
a technology recently developed cooperatively at Auburn University and Virginia
Tech, provides a simple, non-destructive method to measure root growth over
time in a wide range of root environments. This paper describes construction
criteria for the HorhizotronTM and procedures used to monitor root growth under
experimental conditions.
The design of the HorhizotronTM allows a plant (removed from its container)
to be ﬁtted within four wedge-shaped quadrants that extend away from the
original root ball (Fig. 1). Substrate in each quadrant can be modiﬁed in various
ways (chemically, physically, etc.) to study the effects of different rhizosphere
conditions on root growth. Quadrants were constructed from 0.3 cm (0.125 in)
thick glass panes [20.3 cm x 26.7 cm (8 in. x 10.5 in.)] connected by vinyl
j-channels and then secured to an aluminum base that had been attached to a
wooden frame (Fig. 1). To exclude light from and provide insulation for the root
ball, exterior walls were constructed from 2 cm (0.75 in) thick foam insulation
board (aluminum foil on outside and plastic on inside). Four foam insulation
boards [61 cm x 25.4 cm (24 in x 10 in)] were assembled together in one unit
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by connecting with top and bottom vinyl j-channels, and the walls were held
in place on the aluminum base by a rim constructed from 2.5 cm (1 in) angle
aluminum attached to the perimeter of the base (Fig. 1). HorhizotronsTM for
outdoor use were constructed by eliminating the wood frame and aluminum
base and placing the connected glass quadrants directly on the ground. The unit
was stabilized on the ground by driving four 1 cm (0.38 in) concrete reinforcing
bars into the ground at the inner intersection of the glass panes. Exterior walls
for outdoor use were made as described above and placed directly on the
ground around the glass quadrants. Upper lids for all HorhizotronsTM (indoors
and outdoors) were ﬁtted inside each box and consisted of two sections of foam
insulation board each with a cut-out portion to ﬁt around the plant stem, expose
the substrate surface immediately around the plant stem, and allow for easy
removal of the lids (Fig. 1).
A Buxus microphylla Sieb. & Zucc. ‘Green Beauty’ (boxwood) plant removed
from a 3.8 L (1 gal) container and a Kalmia latifolia L. ‘Olympic Wedding’
(mountain laurel) plant removed from a 19 L (5 gal) container were each situated
in the center of separate HorhizotronsTM with the root ball in contact with the
inner points of the wedge-shaped quadrants. Each quadrant surrounding the
boxwood plant was ﬁlled with a pine bark substrate amended per m3 (yd3)
with 3.6 kg (6 lb) dolomitic limestone and 0.9 kg (1.5 lb) MicromaxTM (ScottsSierra, Marysville, OH). Quadrants surrounding the mountain laurel were ﬁlled
with unamended pine bark. Substrates in HorhizotronsTM of both cultivars
were topdressed with 50 g (1.8 oz) of 15N-3.9P-9.8K Osmocote Plus (ScottsSierra), distributed evenly over the surface of the root ball and all quadrants.
Boxwood and mountain laurel plants were grown at Virginia Tech and mountain
laurel plants were grown at Auburn University from May to August 2003 in a
greenhouse at day/night temperatures of approximately 26/21 °C (80/70 °F).
Additional plants of mountain laurel were placed in HorhizotronsTM constructed
outdoors at Virginia Tech and grown over the same period of time. All plants
were hand watered as needed so that the original root ball as well as the
quadrants remained moist.
Results and Discussion: As roots grew into the different quadrants, they
intersected and grew along the glass panes of each quadrant. Root growth rates
were determined by weekly measuring the length of the 5 longest roots on each
side of a quadrant. Root growth measurements from the two glass surfaces of
each quadrant were averaged to obtain the experimental value for that quadrant.
For statistical analysis purposes, the experimental design could be treated as
a randomized complete block design with each HorhizotronTM representing one
block (replication) and up to four different substrates or substrate treatments
distributed randomly among the four quadrants.
Although the root systems of mountain laurel (extremely ﬁne) and boxwood
(coarse) are quite different, several aspects of root growth were easily measured
for both cultivars. Roots grew 10 to 15 cm (4 to 6 in) over a 2-3 month
period—a rate of about 1 cm (2.5 in) per week. New root growth for all plants
was measurable after four weeks. Root growth of ‘Olympic Wedding’ mountain
laurel primarily occurred parallel to the substrate surface, while ‘Green Beauty’
boxwood roots grew at a -45° angle with respect to the substrate surface.
Landscape Section
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Contact between the ground and the substrate in HorhizotronsTM installed
outdoors simulated natural conditions (drainage, temperature, moisture, and
earthworm and insect colonization) for root growth within each quadrant. All
materials used for construction were available at full service building supply
stores and were durable (withstood daily irrigation over several months),
lightweight, and easy to disassemble, clean, and reassemble for use in
subsequent experiments. The technique may be used for any size plants by
adjusting the position and size of the quadrants to accommodate smaller or
larger root balls.
Literature Cited:
1.

Bohm, W. 1979. Methods of studying root systems. Springer-Verlag, Berlin.

2.

Perry, T.O. 1982. The ecology of tree roots and the practical signiﬁcance
thereof. J. Arboricult. 8:197-211.

Figure 1. (A) Quadrants extending away from the root ball are constructed from
glass panes connected by vinyl j-channels and secured to an aluminum base
attached to a wood frame. Quadrants are ﬁlled with substrate(s) of interest.
(B) Exterior walls and upper lid of HorhizotronTM are constructed from foam
insulation board.
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Landscape Performance of Lantana Cultivars – 2003
Allen Owings, Anthony Witcher, Allen Broyles and Ed Bush
LSU Agricultural Center, Baton Rouge, LA 70803
aowings@agctr.lsu.edu
Index Words: Lantanas (Lantana camara, L. montevidensis), Landscape
Performance
Signiﬁcance to the Industry: Although lantana popularity has slowed over
the last few years many new cultivars continue to be introduced. These include
the Morning Glow, Son, Landmark, and Lucky series and several stand alone
cultivars. New additions to the Patriot series have also been added. Our work
provides documented information on the performance of these cultivars in
USDA Hardiness Zone 8B. The Morning Glow series should be added to the list
of recommended cultivars. Results from 2004 will provide more information on
the Son series.
Nature of Work: A landscape trail evaluating the performance of lantana
cultivars was conducted by the LSU AgCenter in 2003 and is continuing on a
lesser scale in 2004. Cultivars evaluated in the 2003 trial included the Patriot
series from American Daylily and Perennials (Grain Valley, MO) and the Morning
Glow series from Michell’s/Bodger Botanicals (King of Prussia, PA). Many of
these are new cultivars and have not been included in previous evaluations.
Patriot series cultivars evaluated included ‘Parasol’, ‘Firewagon, Rainbow’,
‘Honeylove’, ‘Passion’, ‘Deen Day Smith’, ‘Cowboy’, ‘Petticoat’, ‘Cherry’,
‘Hot Country’, ‘Hallelujah’, ‘Marc Cathey’, ‘Dovewing’, ‘Sunbeam’, ‘Pony
Red’, ‘Popcorn’ and ‘Desert Sunset’. Cultivars in the Morning Glow series
evaluated included ‘Pink with Yellow’, ‘Vanilla’, and ‘Yellow’. Three one-gallon
pots of each cultivar were planted in landscape beds in April 2003. The raised
beds were four feet wide and were an unamended Olivier silt loam soil. The
planting was located in full sun and plants received drip irrigation as needed
through the growing season. Pine straw mulch was applied at a depth of
3 inches after planting. Plants were spaced on three foot centers and received
topdressings of StaGreen Nursery Special 12-6-6 (Pursell Industries) at the
rate of 1 lb N/1000 square feet in April and at the rate of 0.5 lbs N/1000 square
feet in July. Plants were not deadheaded or pruned during the 2003 season
and no pesticides were applied for insect or disease control. Weed control was
accomplished via hand removal, twice seasonal granular application of beneﬁn
+ oryzalin (Amaze® from Green Light) at the label recommended rate, and spot
applications of glyphosate (Prosecutor® from Lesco).
Evaluations are continuing in 2004 with some additional cultivars being added to
the study. These include ‘Star Landing ‘, ‘Marshall’s Red’, ‘Banana Split’, ‘Miss
Huff’, ‘Lucky Pot of Gold’, and the Son series (‘Sonshine’, ‘Sonset’, ‘Sonrise’,
and ‘Samson’).
Visual quality ratings were taken twice monthly from July through September
2003. Ratings were based on a scale from 1 to 5 with 1=unacceptable, 2=below
Landscape Section
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average, 3=average, 4=above average, and 5=superior landscape performance.
Included in the visual quality ratings were growth habit and ﬂowering with
favorable growth habit being compactness, foliage color, uniformity, and overall
aesthetics, and favorable ﬂowering being longevity and visual appeal.
Results and Discussion: All cultivars in the Morning Glow series, new in 2003
from Michell’s/Bodger Botanicals, were good landscape performers. All had
above average visual quality ratings for most of the growing season (Table 1).
Habit of the series resembled more upright growth than mounding growth.
Top performers in the Patriot series were ‘Sunbeam’, ‘Marc Cathey’, ‘Hot
Country’, ‘Honeylove’, ‘Deen Day Smith’, ‘Hallelujah’, ‘Passion’, ‘Desert Sunset’,
‘Petticoat’, and ‘Dovewing’. This is similar to previous research ﬁndings on the
older cultivars in this group (1). ‘Marc Cathey’, ‘Passion’, ‘Deen Day Smith’ and
‘Passion’ are new cultivars in the Patriot series and had not been previously
evaluated in LSU AgCenter trials. The poorer performers were ‘Rainbow’ and
‘Cowboy’ (Table 1). This was also reported in LSU AgCenter trials from 1998 (1).
Visual quality ratings indicative of average performance belonged to ‘Firewagon’,
‘Cherry’, ‘Pony Red’, ‘Parasol’, and ‘Popcorn’ (Table 1).
Literature Cited:
1.
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Table 1. Visual quality ratings of landscape planted lantana cultivars – 2003.
Cultivar

7/1

7/15

8/1

8/15

9/1

9/15

10/1

10/15

‘Parasol’

3.0

3.3

3.3

3.2

3.2

3.5

3.5

3.5

‘Firewagon’

3.0

3.0

3.2

3.3

3.3

3.5

3.5

3.5

‘Rainbow’

3.0

3.2

3.2

3.0

2.8

2.8

2.8

2.8

‘Honeylove’

3.5

3.5

4.0

4.0

4.2

4.5

4.7

4.0

‘Passion’

3.3

3.5

4.2

4.2

4.2

4.5

4.8

4.2

‘Deen D. Smith’

3.3

3.8

4.5

4.7

4.5

4.5

4.8

4.5

‘Cowboy’

2.8

3.0

3.0

2.5

2.5

2.5

2.5

2.7

‘Petticoat’

3.3

3.5

3.8

3.7

3.5

4.0

4.2

4.0

‘Cherry’

3.2

3.5

3.5

3.5

3.7

3.7

3.8

3.8

‘Hot Country’

3.3

3.5

3.5

3.5

3.8

3.7

4.0

4.0

‘Hallelujah’

3.3

3.5

3.7

4.3

4.2

4.5

4.7

4.2

‘Marc Cathey’

3.3

3.5

3.7

4.2

4.3

4.3

4.3

4.2

‘Dovewing’

3.3

3.7

4.0

4.5

4.5

4.5

4.7

4.2

‘Sunbeam’

3.5

3.7

4.0

4.3

4.5

4.5

4.7

4.2

‘Pony Red’

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.2

‘Popcorn’

3.0

3.2

3.2

3.0

3.5

3.5

3.5

3.2

‘Desert Sunset’

3.2

3.5

3.7

3.8

3.8

4.0

4.0

4.0

‘Yellow’

4.0

4.5

4.7

4.3

4.0

4.0

4.5

4.0

‘Vanilla’

3.7

4.0

4.0

4.0

3.8

3.8

4.2

4.0

‘Pink w/Yellow’

3.5

4.2

4.7

4.5

4.3

4.3

4.3

4.0

Patriot Series

Morning Glow Series

NOTE: Visual quality ratings based on a scale from 1 to 5 with 1=unacceptable, 2=below average,
3=average, 4=above average, 5=superior landscape performance. Included in the visual quality rating is
growth habit and ﬂowering with favorable growth habit being compactness, foliage color and uniformity,
and overall aesthetics; favorable ﬂowering being longevity and visual appeal.
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All American Daylilies: Landscape
Performance and Rust Observations
Allen Owings, Gordon Holcomb, Anthony Witcher and Ed Bush
LSU Agricultural Center, Baton Rouge, LA 70803
aowings@agctr.lsu.edu
Index Words: Daylilies (Hemerocallis fulva), Landscape Performance, Daylily
Rust (Puccinia hemerocallidis)
Signiﬁcance to Industry: Interest in daylilies (Hemerocallis fulva and hybrids)
is still strong despite the setback due to daylily rust problems over the last
several years. New daylily selections and All-American daylily winners need to
be evaluated in the Gulf South for landscape performance. Our trial efforts are
continuing with inclusion of ‘Chorus Line’ and ‘Lady Lucille’ in 2004 evaluations.
Nature of Work: A landscape trial evaluating the performance of All-American
daylily cultivars was initiated in 2003. All-American daylilies have been named
annually since 2002 by the All-American Daylily Selection Council and include
the following winners: ‘Chorus Line’ (2004), ‘Lady Lucille’ (2004), ‘Frankly
Scarlet’ (2003), ‘Plum Perfect’ (2003), ‘Bitsy’ (2002), ‘Judith’ (2002), and ‘Leebea
Orange Crush’ (2002). Winners named previous to 2002 include ‘Lullaby Baby’
(1998), ‘Starstruck’ (1998), and ‘Black Eyed Stella’ (1994).
Cultivars evaluated during the 2003 season included all winners except ‘Chorus
Line’ and ‘Lady Lucille’ which are being evaluated in 2004. Bareroot daylily
plants were planted in February 2003 in a four foot wide raised landscape row
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 to
5 plants per cultivar. Rows were mulched with 3 to 4 inches of baled pine straw.
StaGreen Nursery Special 12-6-6 (Pursell Industries) at the rate of 1 lb N/1000
square feet was applied in mid March and at the rate of 0.5 lb N/1000 square
feet in early June. 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,
twice a season granular application of beneﬁn + oryzalin (Amaze® from Green
Light) at the label recommended rate, and spot applications of glyphosate
(Prosecutor® from Lesco).
Visual quality ratings were made weekly from April 19, 2003 through October 25,
2003 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
(Table 1). Included in the visual quality ratings were growth habit and ﬂowering
with favorable growth habit being compactness, foliage color, uniformity, and
overall aesthetics, and favorable ﬂowering being longevity and visual appeal.
Flower observations were made in regard to time in bud and peak blooming
periods (Table 2). Daylily rust (Puccinia hemerocallidis) ratings were taken in
September and November 2003 (Table 2). Daylily rust ratings were based on a
scale from 1 to 6 where 1 = no rust present and 6 = 76-100% of leaves infected.
418
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Results and Discussion: Visual quality ratings were average to above average
for all cultivars through the 2003 growing season (Table 1). Peak performance
seemed to be from about the time of bloom initiation in early May through
August. Foliage decline and daylily rust appearance began in early September.
Flowering observations in 2003 indicated that ‘Black Eyed Stella’ and ‘Bitsy’
were the only cultivars showing repeat bloom potential (Table 2). Among the
other cultivars, ‘Judith’ was the earliest to bud and bloom but also had a
blooming period of only 2-3 weeks compared to 4-5 weeks of bloom for the
other cultivars. ‘Plum Perfect’, ‘Frankly Scarlet’, ‘Leebea Orange Crush’, and
‘Lullaby Baby’ would be considered mid-season bloomers based on 2003
observations, while ‘Starstruck’ would be classiﬁed as late-season.
Daylily rust was observed on some cultivars by late season. Rust was most
prevalent on ‘Judith’ and ‘Leebea Orange Crush’ (Table 2). ‘Starstruck’ had rust
symptoms in November but no symptoms in September. ‘Plum Perfect’, ‘Frankly
Scarlet’, ‘Bitsy’, ‘Black Eyed Stella’ and ‘Lullaby Baby’ were least susceptible
to daylily rust in our 2003 trials (Table 2). Previous research at the University of
Georgia has found ‘Plum Perfect’ and ‘Frankly Scarlet’ to be resistant to daylily
rust (1). ‘Black Eyed Stella’ has been classiﬁed as moderately resistant, while
‘Judith’, ‘Leebea Orange Crush’, and ‘Chorus Line’ have been classiﬁed as
susceptible (1).
Literature Cited:
1.

Mueller, Daren S., Jean L. Williams-Woodward, and James W. Buck.
2003. Resistance of daylily cultivars to the daylily rust pathogen, Puccinia
hemerocallidis. HortScience. 38(6):1137-1140.
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4.0

4.0

3.0

3.0

3.0

3.5

3.5

3.0

3.0

7/26

3.5

3.5

3.5

3.5

3.5

3.5

3.5

3.5

‘Plum Perfect’

‘Leebea Orange Crush’

‘Frankly Scarlet’

‘Bitsy’

‘Black Eyed Stella’

‘Lullaby Baby’

‘Star Struck’

Cultivar

‘Judith’

‘Plum Perfect’

‘Leebea Orange Crush’

‘Frankly Scarlet’

‘Bitsy’

‘Black Eyed Stella’

‘Lullaby Baby’

‘Star Struck’
4.5

4.0

4.0

4.0

4.0

4.0

4.0

4.0

8/9

3.0

3.5

3.5

4.0

3.5

3.5

3.5

3.5

5/3

4.5

4.0

4.0

4.0

4.5

4.0

4.0

4.0

8/16

3.5

3.5

3.5

3.5

3.5

4.0

4.0

4.5

5/10

4.5

4.0

4.0

4.0

4.5

4.0

4.0

4.0

8/23

3.5

3.5

3.5

3.0

3.5

4.5

4.5

4.5

5/17

4.0

4.0

4.0

4.0

4.5

4.0

4.0

4.0

8/30

3.5

3.5

3.0

2.5

3.5

4.0

4.0

4.0

5/24

4.0

4.0

4.0

4.0

4.0

4.0

4.0

4.0

9/6

3.5

4.0

3.0

3.0

4.0

4.5

4.0

3.5

5/31

4.0

4.0

4.0

4.0

4.0

3.5

4.0

3.5

9/13

4.0

4.0

3.0

3.0

4.5

4.0

4.0

3.5

6/7

4.0

4.0

4.0

4.0

4.0

3.0

4.0

3.0

9/20

4.0

3.5

3.0

3.0

4.0

3.5

3.5

3.5

6/14

4.0

4.0

4.0

4.0

4.0

3.0

3.5

3.0

9/27

4.0

3.5

3.0

3.0

3.5

3.5

3.5

3.0

6/21

4.0

3.5

4.0

4.0

3.5

3.0

3.5

3.0

10/4

4.0

3.5

3.0

3.0

3.5

3.5

3.5

3.5

6/28

4.0

3.5

4.0

4.0

3.5

3.0

3.5

3.0

10/11

4.0

3.5

3.0

3.0

3.5

3.5

3.5

3.5

7/5

4.0

3.5

3.5

3.5

3.5

3.0

3.5

3.0

10/18

3.5

3.5

3.0

3.5

3.5

3.5

4.0

3.5

7/12

3.5

3.5

4.0

3.5

3.5

3.0

3.5

3.0

10/25

3.5

3.5

3.5

3.5

3.5

3.5

4.0

3.5

7/19

NOTE: Visual quality rating based on a scale from 1 to 5 with 1 = unacceptable, 2 = below average, 3 = average, 4 = above average, and 5 = superior landscape
performance. Included in the visual quality ratings are growth habit and ﬂowering with favorable growth habit being compactness, foliage color, uniformity, and overall
aesthetics; favorable ﬂowering being longevity and visual appeal.

4.0

3.5

4.0

4.0

4.0

4.0

8/2

3.0

3.0

3.5

3.5

3.0

3.0

3.0

3.0

3.0

‘Judith’

4/26

4/19

Cultivar

Visual Quality Rating

Table 1. Landscape performance of All-American daylily cultivars – 2003.

SNA RESEARCH CONFERENCE - VOL. 49 - 2004

Landscape Section

SNA RESEARCH CONFERENCE - VOL. 49 - 2004
Table 2. Peak ﬂowering times and daylily rust ratings for landscape planted AllAmerican daylily cultivars - 2003.

Cultivar

Flower Bud Date

‘Judith’

April 26-May 3

‘Plum Perfect’

May 3-May 10

‘Leebea Orange
Crush’

May 3-May 10

‘Frankly Scarlet’

Flowering Dates

Daylily Rust Rating
September

November

May 10-May 24

5.7

6.0

May 17-June 14

1.0

2.7

May 17-June 14

4.7

6.0

May 10-May 17

May 24-June 21

1.0

2.0

‘Bitsy’

April 12-April 19;
July 5-July 12

April 26-May 10;
July 19-October 25

1.0

1.0

‘Black Eyed
Stella’

April 26-May 3;
July 5-July12;
Sept. 13-Sept. 20

May 10-May 17;
July 19-Sept. 6;
Sept. 27-Oct. 25

1.0

1.0

‘Lullaby Baby’

May 3-May 17

May 24- June 14

1.0

1.0

‘Star Struck’

May 24-May 31

June 7-July 5

1.0

4.7

Note: Daylily rust ratings based on a scale from 1 to 6 where 1 = no rust present and 6 = 76-100% of
leaves infected.
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The Milton Gardens: A History and Future
of Teaching, Research and Display
Mack Thetford1, Barry O. Ballard1, Josiah S. Raymer1,
James L. Gibson1, and Richard K. Schoellhorn2
1
University of Florida, IFAS, West Florida Research
and Education Center, Milton, FL 32583
thetford@ifas.uﬂ.edu
2
University of Florida, IFAS, Dept. of Environmental Horticulture,
Gainesville, FL 32611-0670
Index Words: Plant Evaluation, Display Garden, Teaching
Signiﬁcance to Industry: As a destination within Northwest Florida, the Milton
Gardens will continue to educate the public and professional community.
The Milton Gardens will achieve its mission of providing a venue for teaching,
research and display while serving as a popular location for garden clubs,
horticulture study groups, homeowners, visiting scientists and school classes
to visit, study or photograph plants and wildlife. For the industry, the gardens
provide a “no risk” trial area where they can see what’s new and well suited to
Northwest Florida.
Nature of Work: The Milton Gardens, a combination of teaching, research and
display gardens are a part of the Milton Campus of the University of Florida
(UF) and Pensacola Junior College (PJC), a joint use facility located 18 miles
northeast of Pensacola in Santa Rosa County, Florida. The Milton Gardens are
located within a 3-acre area of the campus that was cleared in 1995 for the
construction of greenhouse, shade house and nursery production facilities for
the University of Florida teaching program. After the construction of permanent
facilities, the ﬁrst plant production classes and the Master Gardeners from
Santa Rosa and Escambia Counties contributed countless hours to plant and
maintain the nearly 2 acres of trial and demonstration gardens as designed by
Dr. Richard K. Schoellhorn and Dr. Mack Thetford. The facility has since become
a destination within Northwest Florida and a very popular location for many
garden clubs, horticulture study groups, homeowners, visiting scientists and
school classes to visit, study or photograph.
As the Milton Gardens and the West Florida Research and Education Center
(WFREC) programs have grown, management of the gardens has changed.
Dr. Schoellhorn relocated to Gainesville in 2000 to take on new statewide
responsibilities within the Institute of Food and Agricultural Sciences (IFAS), and
a new faculty member, Dr. James L. Gibson, joined WFREC in 2003. Between
2000 and 2003, Dr. Thetford assumed responsibility for the Milton Gardens and
set out on a plan to redesign and expand the scope and size of the gardens.
Over the past 3 years the original planting beds of the gardens have been
redesigned to create many more paths and take advantage of the structure
created by the maturing woody plants that have been part of the gardens
since 1996.
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The objectives of the Milton Gardens are threefold. The ﬁrst is to aid in the
plant identiﬁcation and landscape maintenance courses offered through the
horticulture programs on campus. Second, the gardens provide area nurseries
and the landscaping industry with a “no risk” trial area where they can see
what’s new and well suited to Northwest Florida. The third objective is to
provide the public with not only a pleasant place to take a walk, but also a living
classroom, where students and visitors can identify the ﬂowers and shrubs
that make up our Florida landscape. These objectives are shared by similar
gardens throughout Florida, which other University of Florida facilities have
developed (2).
Teaching. The initial garden designs were the inspiration of Dr. Rick Schoellhorn
who served as Coordinator for the Milton Gardens from 1996 to 2000. Dr.
Schoellhorn taught classes in greenhouse production and plant identiﬁcation
while at the WFREC. The initial garden design also incorporated many
herbaceous and woody landscape plants introduced by Dr. Mack Thetford who
since 1995 has used the Milton Gardens and the entire campus when teaching
landscape design, plant identiﬁcation, and landscape management. Other
courses that have utilized the Milton Gardens include: plant propagation, annual
and perennial gardening, greenhouse and nursery crop culture, plant pathology,
entomology, and soil science. In fact, the annual and perennial gardening
students design and install new planting beds each spring of odd years, which
continually expand the gardens. Also, Dr. Gibson’s greenhouse courses rely
on stem cuttings of tender herbaceous plants from the Gardens to produce
crops. Non-traditional students from local elementary, middle, and high schools
learn about wildlife, landscape ecology, and native plant conservation, along
with being exposed to general horticulture topics. Furthermore, local gardeners
receive hands-on training during demonstrations of planting, pruning, and
fertilization, which emphasizes good stewardship toward the environment.
Research. The Milton Gardens offer areas to conduct scientiﬁcally sound
research for resident faculty as well as for state-wide trialing programs. For
instance, Dr. Schoellhorn developed a research program that focused on
identiﬁcation of tropical perennial crops that would overwinter in North Florida
and also tolerate the intense periods of heat, drought, or summer rains for
which the region is known. Trialing protocols involved planting into ground beds
amended with mushroom compost at 1 yard per 100 ft2, and mulching with a
thick layer of aged pine bark after soil preparation. The pH of the beds ranged
from 6.2 to 6.7 at planting. Next, 72 to 84-cell liners were planted directly into
the beds on 12-inch centers and 4 grams (0.14 oz) of Osmocote 18N-2.6P-9.9K
(The Scotts Co. Marysville, OH) was incorporated around each entry. Plants
were watered through drip tubes similar to commercial vegetable production
irrigation systems after an initial hand watering. Plants were evaluated every
other week for initial ﬂowering, peak ﬂowering, and landscape performance.
Landscape performance was rated using a 5 point system (1=poor5=exceptional), and comments were recorded regarding diseases and pest
incidence.
Dr. Thetford’s introductions to the campus and Milton Gardens continue to
be inﬂuenced by his research program that has focused on invasive plants,
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nematode tolerance of landscape plants and propagation, production,
and landscape evaluation of native and ornamental plants. For example,
Dr.Thetford’s recent trials have included: landscape evaluation of 10 selections
of Atlantic St. John’s Wort (Hypericum reductum) for Gulf Coast landscapes;
and participation in a statewide performance trial of Black eye susan (Rudbeckia
hirta) for the University of Florida Wildﬂower Program led by Dr. Jeff Norcini (1).
Most trials of native species occur in new garden areas that have not been
amended as previously described so plant performance may be evaluated in low
input landscape situations.
With the addition of new faculty come the opportunities for new trialing projects.
Winter trials of herbaceous plants in Dr. Gibson’s research program have
involved the identiﬁcation of superior performing ornamental mustards, kales,
and chards (Brassica oleracea) for Northwest Florida. Other species that will be
trialed include ﬂowering maple (Abutilon), cape daisies (Osteospermum), and
hardy perennials. Drs. Gibson and Thetford are also collaborating on trials that
will include the identiﬁcation of hardy ferns and begonias for Northwest Florida.
The objectives of these projects are to evaluate garden performance of a diverse
collection of hardy ferns or fern allies and various rex-type, cane-type, clumping,
and angel-wing begonias (Begoniaceae) subjected to sun/shade and irrigation/
no irrigation treatments.
Display. Originally the gardens had four main planting beds and a large
scientiﬁc trialing area. Today, the Milton Gardens have expanded to six main
display areas including a children’s garden, an ornamental grass border, an
entry garden, and a new area was recently thinned of many trees and native
scrub between 2002 and 2003 to create what will in 2004 become the new
shade garden. These areas will further the garden’s ability to create a greater
awareness and appreciation of The Milton Gardens and encourage the use of
The Milton Gardens as a public garden to promote a better neighborhood and
community. In addition, each of the diverse teaching and research programs,
activities and interests of the faculty have had an impact on the initial design,
plant composition and subsequent changes of The Milton Gardens. Some of the
display gardens that have featured several species and cultivars of particular
taxa include gingers (Zingerberaceae), canna (Cannaceae), and other tropical
bulbs, ornamental grasses (Poaceae), ornamental sweet potatoes (Ipomoea
batatas), sun-loving coleus (Solanostemon), porter weeds (Stachytarpheta),
Sweedish ivy (Plectranthus), and shrimp plant (Justicia brandegeana). Multiple
taxa from the Lamiaceae, Rubiaceae, and Verbenaceae families also occur
throughout the garden and serve to attract a variety of butterﬂy species.
Results and Discussion: The gardens began in 1996 with the development of
the University of Florida, IFAS teaching programs established through the West
Florida Research and Education Center the previous year. The gardens have
been largely built and maintained by UF students, faculty, volunteers, and staff.
In January 2004, a new organization was established to physically and ﬁnancially
assist the Gardens. The Friends of the Gardens promises to be the driving
force to help take the Milton Gardens from a collection of teaching, research
and display gardens to a regional arboretum located within the Milton Campus
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of PJC and UF. Present programming includes University of Florida Master
Gardener volunteer workdays, children’s tours, Florida Master Gardener training
events, the Santa Rosa County Farm Tour, green industry ﬁeld days, and the TriState Short Course. The ultimate goal of this organization is the establishment of
the campus as a botanical garden.
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Alternative Irrigation Technology on Display in an
Educational Garden: Quantifying the Water
Needs of a Typical Florida Landscape
S.M. Scheiber, H.M. Buchanan, J.L. Hitchcock,
L.O. Singleton, and S. Vyapari
University of Florida, IFAS, Mid-Florida Research and Education Center,
Environmental Horticulture Department, 2725 Binion Rd., Apopka, FL 32703
Email: smscheiber@ifas.uﬂ.edu
Index Words: Irrigation Management, Water-Wise Landscaping, Microirrigation,
Mixed landscapes
Signiﬁcant to Industry: Landscape water consumption has become a prime
target for water conservation as drought conditions and urban growth intensify
throughout the southeastern United States (6). Based on a survey conducted
for the landscape services industry, drought and water use restrictions are
the primary threat to the landscape industry (3). Although alternative irrigation
strategies that reduce landscape water consumption are available, over-irrigation
continues to be a problem. Visual displays of properly designed and maintained
low-water consumption landscapes can enhance public perception and
implementation of water-wise landscaping (4). The teaching garden described
below serves a two-fold purpose: 1) to educate future horticultural professionals,
homeowners, and landscape professionals in alternative strategies in water
conservation, and 2) to quantify differences in irrigation systems and the effect
on plant growth.
Nature of Work: Prolonged drought, groundwater contamination, and
population expansion have water management ofﬁcials concerned that
demands for water in Central Florida will exceed supply within the next ﬁve
years (1). Many of the landscape management practices are based on research
conducted from the 1950s through 1970s when maximum performance
was the objective and environmental consequences were not a concern (5).
Landscape irrigation is usually applied by hand-watering or through automated
irrigation systems. Automatic systems are generally equipped with irrigation
components that supply water at rates measured as gallons per minute.
However, microirrigation systems feature application rates of gallons per hour.
Confounding the problem of poor irrigation terminology is a lack of knowledge
among homeowners regarding plant water use needs and irrigation system
operation. Consequently, a survey of water use patterns in urban landscapes
reported over-irrigation of 40% (2). Although microirrigation systems are
commonly used in ornamental production, the transition to the landscape
environment has been limited.
To facilitate increased public perception and usage of water-wise landscapes,
a Teaching Garden was constructed at the University of Florida=s Mid-Florida
Research and Education Center (MREC) in Apopka, FL. The one-half acre
garden features side-by-side comparisons of traditional irrigation technology
and alternative strategies in water conservation to increase public awareness
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and subsequently decrease overall water consumption. In September 2003,
nine mixed species landscape plots were incorporated as components of the
Teaching Garden. Each plot consists of one Lagerstroemia indica L. ‘Natchez,
three Ilex vomitoria Ait. ‘Schillings’, ﬁve Plumbago auriculata L., and three
Hamelia macrantha Little. The same plant species were used in all plots. Each
plot was irrigated with one of the following irrigation systems which were
replicated three times: over-head pop-up shrub heads, microirrigation with
spray stakes (recommended method UF Extension), and microirrigation with
drip emitters. Since many home irrigation systems are programmed by timed
schedules with little regard for total volume applied, irrigation regimes were
established such that each treatment was irrigated for an equal length of time.
Hence, each irrigation regime received a different total volume. Application
lengths were determined by calculating the time needed to deliver the following
volumes via microirrigation spray stakes. Irrigation volumes were applied
accordingly: 1.25 cm (0.5 in) applied daily for weeks 1-6, 6 liters (1.5 gal) per
plant applied every other day for weeks 7-16, and 6 liters (1.5 gal) per plant
applied weekly for the remainder of the experiment. Flow meters were included
in each zone to monitor total irrigation volumes. Plots were subsampled to
obtain root dry weights, shoot dry weights, and root distance. Growth indices
and landscape quality were used to evaluate differences among irrigation
strategies. Data was analyzed by ANOVA using SAS.
Results and Discussion: Signiﬁcant differences in mean irrigation volumes per
application were found among treatments (Table 1). Over-head pop-up sprinklers
delivered a signiﬁcantly larger volume of water than micro-irrigation spray stakes
or drip emitters, with microirrigation volumes being signiﬁcantly greater than
that applied by drip emitters. Despite differences in volumes per application,
differences in growth indexes were not signiﬁcant for any species (data not
shown). To determine differences in plant biomass, plots were subsampled and
two of the ﬁve Plumbago auriculata specimens were destructively harvested
at the end of week 16. New root excursion was accessed by measuring
the farthest root lengths on the east and west side of the sampled plants.
Plumbago irrigated with drip emitters had signiﬁcantly greater root dry mass and
shoot dry mass (data not shown). Root growth extended farther on the west side
of the sampled plants but no correlation to irrigation placement was determined.
No visual differences in overall plot quality were observed at any point during
the experiment.
Although microirrigation spray stakes are generally recommended for sandy soils
because of vertical water movement, plant growth and quality were equal to or
better in plots irrigated with drip emitters. The data suggest that landscapes
can be effectively established and maintained at reduced irrigation volumes
using microirrigation systems. Furthermore, the irrigation demonstration plots at
MREC will be beneﬁcial for enhancing public perception and implementation of
water-wise landscaping practices.
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Table 1. Mean irrigation volumes [liters (gallons)] per application.
Daily
Weeks 1-6

Every 2 Days
Weeks 7-16

Weekly
Week 17-Termination

1298.0 (342.9)az

422.1 (111.5)a

470.5 (124.3)a

229.0 (60.5)b

69.7 (18.4)b

77.6 (20.5)b

98.4 (26.0)c

31.8 (8.4)c

35.6 (9.4)c

Over-head pop-up
shrub heads
Microirrigation
spray stakes
Microirrigation
drip emitters

Mean separation within columns by Fisher=s LSD test, P = 0.05.

z
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Landscape Design in the South... It’s Time for a Change
Kim Powell
NC State University Dept. of Horticultural Science, Raleigh N.C. 27695-7609
kim_powell@ncsu.edu
Index words: Landscape Design, Landscape Gardening
Signiﬁcance to industry: Landscape architects and designers should
incorporate modern ideas into planting design and not be inhibited by the ‘old
school’ design principles.
Nature of Work: Residential landscape design has changed very little over
the last 30+ years. There have been some general trends in plant use, but the
overall approach to designing spaces has not had a signiﬁcant diversion from
the old school “rules”. Creative landscape designers consider many factors in
developing outdoor spaces, which reﬂect the changing lifestyles, environmental
concerns and economic status of our southern clients. Numerous landscape
projects designed and installed over the last 10-15 years have already
outlived their usefulness, and are prime candidates for a landscape makeover.
Replacing overgrown plants with new, smaller plants that are the same species,
is not progress. The success of the makeover is 100% dependent on the
design process.
Traditional landscape design can be summarized by several primary rules. These
rules might as well have been written in stone, as they are easily applied, do not
strain one’s imagination, and can be applied to every shape and size of structure
and property. The basic 3 landscape design principles which everyone used
(and many continue to use) are a direct, fast and simple method of surrounding
a structure with a row of evergreen plants. They are:
#1 rule) Divide every residential space into the public, utility and private space
#2 rule) Foundation plantings....arrange the big plants on the ends, the little
ones in the middle
#3 rule) Group plants in triangles of 3’s and 5’s, and ‘frame’ the house with
twin trees on each end.
This approach to planting design gets rather boring, as it is repeated on every
project..... talk about “getting in a rut’’. The use of plants is also repeated,
often making the same mistakes as the time before. Following these rules, the
designer would already know where to place their favorite 10 plants ( liriope,
azaleas, compacta holly, bradford pear, crape myrtles, etc. etc.). After dragging
out a rubber garden hose to mark off the beds, they were ready to start planting.
The entire planting plan is based on surrounding the house with a row of plants,
and somehow focusing the eye on a front doorway. Ask yourself ‘why’? If you
not creating an interesting space, or deﬁning a space for an intended use, the
end result is merely a row of plants of varying size, shape and color.
Next in this landscape design process is creating a hedge, screen, or building a
fence around the back for privacy. Then one goes about developing the mulched
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‘natural areas’ in the shady spots, mostly because there is too much shade
for grass. In theory, this idea has merit, as we all know grass and shade don’t
mix. But the natural areas are often tiny and insigniﬁcant unrelated islands of
mulch. This design trend gained great momentum in the 70’s as it was functional
and somewhat aesthetically pleasing. Every project was cast from this same,
boring, mold. We see evidence today around houses landscaped over the
past 3 decades. There have been many ‘rubber stamp’ landscapes designed,
but very few gardens created. While this approach to basic and affordable
landscape design was acceptable in the past, today’s residential needs are
more complex. We are generally working with smaller spaces, have more
environmental and energy issues with which to deal, and today’s gardening
clients demand more design input than basic principles allow. Multiple use of
planting space is also a concept today which is different than in the past.
Results and Discussion: The basic problem with the design rules is that
designing current spaces requires much more thought and creativity than
these rules allow. Good designers consider many factors when developing
a landscape plan, such as the clients’ use(s) of the space, pedestrian and
vehicular circulation, site speciﬁc factors, environmental stress of plants, water
management, seasonal interest, and owner’s plant management skills. Every
site is different, individual tastes are different, and there are hundreds of plants
that can be arranged to create a garden setting. Successful garden designers
are also good horticulturists. The concept of ‘right plant - right place’ is ﬁnally
getting applied to planting plans. Landscape gardeners do not create and
delineate spaces based solely on ‘foundation / screening / natural area’ spaces.
Nor does plant selection depend on a handful of woody, evergreen plants. A
large assortment of trees, shrubs, herbaceous perennials, annuals, bulbs and
ornamental grasses are typically combined in creating a southern garden.
Hardscape components such as walks, walls, patios, gazebos, water features,
lighting, and garden sculpture are not ‘added -on “ later, but often control the
intended space in the development of the garden. Turfgrass continues to be a
high priority for most gardens, but emphasis is placed on using drought tolerant
species and making certain that the grass is adapted to the microclimate.
Improved varieties of tall fescue are being used, along with additional species of
warm season grass.
Most landscape gardeners share a planting philosophy that change is inevitable.
Other than the major shade trees and large growing woody plants, many
plants will be moved, transplanted and / or divided every few years. Bed lines
will change and new areas developed. Unlike most designs during the last
30 years, today’s gardens are designed with more ﬂexibility in mind. Many of our
residential clients are ready for a landscape makeover. With careful thought and
creativity, designers can transform an old, overgrown, boring, evergreen, plant
based landscape into a modern space, ﬁlled with shapes, forms, and colors
of modern garden plants and structures. It will prove beneﬁcial for the designer
to be an accomplished horticulturist, who is not inhibited by basic principles of
traditional planting design.
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Turfgrass Affects First Year Growth and Photosynthesis
of Redbuds (Cercis canadensis L.)
Jason J. Grifﬁn1, William R. Reid2, and Dale J. Bremer3
John C. Pair Horticultural Center, Kansas State University,
1901 E. 95th Street South, Wichita, KS 67060
jgrifﬁn@oznet.ksu.edu
2
Pecan Experimental Field, PO Box 247, Chetopa, KS 67336
3
KSU, 2021 Throckmorton Plant Sciences
Center, Manhattan, KS 66506-5506
1

Index Words: Allelopathy, Competition, Landscape Establishment, Mulch, Soil
Temperature
Signiﬁcance to Industry: Results suggest that inhibition of tree growth by turf
may go beyond resource competition. In the current study all plots were irrigated
to avoid water stress and temperature data demonstrated that turf is a superior
buffer to soil temperature extremes than bare soil alone. However, in spite of
the temperature data and the fact that net photosynthesis in the bare soil plots
was the lowest, trees in the bare soil plots still grew far more than plots with
turfgrass. Overall, trees in the mulched plots grew the greatest, with the highest
rate of net photosynthesis, and the most moderate soil temperature.
Nature of Work: It is common landscape practice to apply organic or inorganic
mulch around newly planted trees. In general, 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, 3). In instances where vegetation surrounding
newly planted trees may have allelopathic properties, mulch may have the
additional beneﬁt 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, 4). 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 (Cercis canadensis L.).
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. On October 1, 2002 all plots were fertilized with 0.43 kg/100 m2
(0.9 lbs/1000 ft2) nitrogen from 13N-5.7P-10.7K-3S and were seeded with one of
two cool season turfgrass species, left bare to be sprigged with a warm season
grass in 2003, mulched with chipped road trimmings to a depth of 7.6 cm (3 in),
or left bare for the duration of the experiment. The two cool season turf species
were; ‘Kentucky-31’ tall fescue seeded at 3.6 kg/100 m2 (7.5 lbs/1000 ft2) or
‘Moonlight’ Kentucky bluegrass (Poa pratensis L.) seeded at 1.2 kg/100 m2
(2.5 lbs/1000 ft2). On May 27, 2003 the warm season turf plots were sprigged
with transplants of ‘Midlawn’ bermudagrass [Cynodon dactylon (L.) Pers.] at a
spacing of approximately 15 cm (6 in). Trees used in this study were seedling
eastern redbud or pecan [Carya illinoiensis (Wang.) K. Koch.] that had been
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grown in 7.4 L (1.9 gal) containers. All trees of a species were of uniform caliper,
height, and branching. 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. Bare soil and mulched plots were maintained weed free
with spot treatments of 2.0% Roundup UltraMax as needed.
Photosynthesis was measured on each plant during August 2003 using
a CIRAS-1 (PP Systems, Haverhill, MA) infrared gas analyzer. A recently
matured leaf was placed in the cuvette at 25 °C (77 °F) with 350 µL•L-1 CO2
and irradiance at 1000 µmol•m-2•s-1 PAR. Assimilation was recorded once
carbon exchange stabilized (approx. 4 min). In January 2004 caliper, annual
growth of the three longest shoots, height, canopy width at the widest point
(width1), and canopy width perpendicular to the widest point (width2) were
measured. A growth index (GI) was also calculated: (width1+width2+height)/3.
Soil temperatures were recorded by a CR10 datalogger (Campbell Scientiﬁc,
Logan, UT) connected to copper-constantan thermocouples installed to a depth
of 10 cm (4 in) below the soil surface. The pecan trees grew very little during the
ﬁrst year and are not included in this data analysis. Therefore the experimental
design was a randomized complete 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).
Results and Discussion: Soil temperatures in bare soil plots experienced
the most dramatic diurnal temperature changes often exceeding 32 °C (90 °F)
by late afternoon in summer (Fig. 1). Soil temperature in the mulched plots
experienced the least diurnal ﬂuctuations and never reached 32 °C (90 °F).
The soil temperature under the three turf species generally attained the
same low temperature as the mulched plots, yet the daily high temperature
was greater than the mulched treatment for all three turf species. Net
photosynthesis also revealed treatment effects. Photosynthesis in the mulched
plots (17.5 µmol•m-2•s-1) was greater than the other treatments, whereas
bare soil plots had the lowest rate of net photosynthesis (10 µmol•m-2•s-1).
Tree photosynthesis in the bermudagrass, Kentucky bluegrass, and fescue
treatments were 13, 11, and 13 µmol•m-2•s-1, respectively. Although temperature
and photosynthetic data may suggest bare soil is the least favorable treatment
for tree establishment, growth data revealed the beneﬁts of removing turf from
the tree root zone (Table 1). Stem caliper was greatest in the mulched (2.0 cm)
and bare soil (1.9 cm) treatments, whereas stem caliper of trees growing in turf
was signiﬁcantly reduced. A similar pattern was observed with shoot growth and
GI. In all cases trees in the mulched plots had the greatest growth with trees in
bare soil closely behind. Trees growing in fescue grew the least during the ﬁrst
year. 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.
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Table 1. Caliper, annual shoot growth, and growth index (GI) of redbuds after
one growing season in the respective treatments.
Treatment

Caliper (cm)

Shoot Growth (cm)

GIz

Mulch

2.0 ay

67.0 a

0.96 a

Bare Soil

1.9 a

59.0 ab

0.84 ab

Bermudagrass

1.6 b

40.5 bc

0.71 bc

K. Bluegrass

1.4 bc

32.9 c

0.62 c

Tall Fescue

1.3 c

27.8 c

0.61 c

GI=(width1 + width2 + height) / 3

z

Means separated within a column by LSD (P ≤ 0.05). Values followed by the same letter are not
statistically different.

y

Figure 1. Soil temperature at a depth of 10 cm (4 in) under each treatment and
ambient air temperature during a 24-hr period on a typical summer day.

Landscape Section

433

SNA RESEARCH CONFERENCE - VOL. 49 - 2004

Wire Basket Alteration at Installation
Bonnie L. Appleton and Scharlene A. Floyd
Hampton Roads Agricultural Research and Extension
Center, Virginia Tech, Virginia Beach, VA 23455
bapple@vt.edu
Index Words: Balled and Burlapped, B&B, Galvanized, Root Protection,
Transplanting, Ungalvanized, River Birch, Betula nigra, Bradford Pear,
Pyrus calleryana
Signiﬁcance to Industry: Whether or not wire baskets used to protect B&B root
balls should be altered is currently being researched. One year after installation
there are no signiﬁcant differences in caliper for any wire basket treatment for
either species. One preliminary observation is that vertically splitting or totally
removing baskets may necessitate otherwise unnecessary staking due to
leaning that may result from root ball damage or loss of root ball integrity.
Nature of Work: For the protection of roots of ﬁeld grown and dug trees, root
balls are generally drum laced in burlap or placed into burlap lined wire baskets.
Controversy exists within the green industry relative to the need to remove or
alter wire baskets during installation. Many anecdotal reports attribute tree
stress, decline, or death to wire baskets left intact (unaltered) when B&B trees
are installed. This implied damage is never immediate, but occurs years after
installation, when burlap may have deteriorated but wire baskets are still intact.
Many nurseries say removal/alteration is unnecessary, and consequently won’t
guarantee plants if such occurs. However, many planting speciﬁcations mandate
either total basket removal, or some form of alteration. Speciﬁcations requiring
alteration or removal do so supposedly to prevent detrimental cutting or girdling
of tree roots or stems by the wire. This required removal or alteration places
landscape contractors in a no win situation between nursery non-removal
policies and speciﬁcation removal/alteration requirements. On the “other end”
of a tree’s life, many arborists who remove trees frequently point to unaltered
baskets as “tree killers”, and do not understand why removal or alteration is not
required of landscape contractors.
To date, limited research has been conducted to speciﬁcally address how wire
baskets should be handled during installation. Wire baskets can reportedly
last up to 30 years (9), with very slow decreases in wire strength (6). Tops of
ﬂare roots can grow into upper loops and horizontal basket wires, causing root
girdling and vascular disruption or restriction (2, 9,10). Root tissue may or may
not eventually grow around the wires and graft together on the other side, but
even if reestablishment of unrestricted vascular transport does occur it may
take several years (3, 6, 7). If adequate vascular reestablishment does not occur
trees may become stressed and unstable, with reduced growth and even death
(4, 5, 6, 8, 9).
Before starting ﬁeld research on wire basket alteration we wanted to collect
information about current wire basket manufacturing and handling. In 2001 we
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surveyed eight wire basket manufacturers in the United States and Canada (1).
Manufacturers were asked details about the products they make, and what
their recommendations were relative to wire basket alteration at installation. We
also surveyed practitioners - arborists, landscape architects, designers, and
contractors - relative to what they actually recommend or do to wire baskets
at installation.
Results and Discussion: Six of the eight wire basket manufacturers responded
to our survey. Four make mainly cone-shaped baskets while two make more
truncated or ﬂat-bottomed baskets. A majority, but not all of the baskets
currently manufactured are welded (vs. made from a single strand of wire),
and a majority are galvanized. Galvanizing is done mainly for outdoor nursery
stockpiling so employees do not have to handle rusty baskets at harvest. Most
practioners expressed no preference relative to basket shape or conﬁguration,
or type of construction, although a preference relative to wire treatment was that
the wire not be galvanized.
When asked if they make recommendations relative to treatment of their baskets
at installation, three manufacturers recommended removing or bending back the
top basket loops, one recommended removing the bottom, and two make no
recommendations. A majority of practitioners said they remove, or recommend
for removal, at least the top loops or wire ears.
The major short term goal of manufacturers when designing their baskets is
ease of handling for the nurserymen, whereas their major long terms goals
were root ball protection and root ball stabilization. Two of the manufacturers
of galvanized baskets had persistence in the soil as a long-term goal, although
nearly half of the practitioners said they’d seen tree damage they felt was
directly attributable to a lack of deterioration of the basket wire.
Using the results of these surveys we initiated a long term research project in
March 2003. Four treatments – no wire basket alteration, removal of loops and
top horizontal wire, vertically splitting the basket and laying it into the planting
hole, and total basket removal – were replicated ﬁve times in a randomized
complete block design using two species - river birch [Betula nigra (L.)] and
Bradford pear [Pyrus calleryana ‘Bradford’]. Change in trunk caliper at 15 cm
(6 in) above ground level will be measured every year for at least the next eight
years. Roots will be periodically air excavated and their growth relative to the
treatments documented.
One year after installation there are no signiﬁcant differences in caliper for any
wire basket treatment for either species. One important observation within
two weeks of initiating this project was that many of the trees receiving two
of the treatments - vertically splitting the basket and laying it into the planting
hole, and total basket removal – were leaning, necessitating staking all of the
trees so as to not bias the results by only staking the leaning trees. Under
some circumstances if baskets are substantially altered, or removed, otherwise
unnecessary staking may be needed.
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Tree Stabilization at Installation
Bonnie L. Appleton and Carolyn M. Beatty
Hampton Roads Agricultural Research and Extension
Center, Virginia Tech, Virginia Beach, VA 23455
bapple@vt.edu
Index Words: Guying, Staking, Transplanting, Trunk support, Bradford pear,
Pyrus calleryana Decne. ‘Bradford’, Chinese pistache, Pistacia chinensis Bunge.,
Lacebark elm, Ulmus parvifolia Jacq. ‘Emerald Vase’ Allée®
Signiﬁcance to Industry: When trees are planted in the landscape, installation
of tree stabilization methods should never be mandatory, but should be based
on site conditions and locations, tree sizes and conditions, and planting and
maintenance practices. Alternatives to above-ground trunk staking and guying
methods exist, including methods that guy over branch crotches or anchor root
balls, and have been shown to provide adequate support when tree stabilization
is deemed necessary.
Nature of Work: Current tree trunk stabilization methods frequently contribute
to deformation, stress, or death of trees to which these materials are attached.
Shading of one side of the tree by a single stake can lead to uneven trunk
development and lean in the opposite direction. Due to reduced compression
wood formation, rigid staking can lead to reduced trunk caliper and taper
formation (1). In addition, guying that is not removed in a timely fashion can
lead to bark abrasion and trunk constriction, later blocking translocation in tree
vascular systems.
Tree trunk stabilization methods can be justiﬁed for several reasons including
site conditions and locations, tree sizes and conditions, and planting and
maintenance practices (1). Basic to many of these reasons is the need to
support or stabilize trees to allow their roots to grow from the root ball into the
surrounding soil, anchoring the tree and reestablishing the absorptive function
of the roots. Unfortunately, many trees that, due to size or location, do not need
stabilization are needlessly staked due to outdated, “one size ﬁts all”, or “boiler
plated” planting speciﬁcations.
Published research on tree stabilization is limited. Neel showed that motion,
light, and growth regulators inﬂuence trunk development (in particular, reaction
wood formation) of most species studied (5). Harris showed that trunk staking
is often not only unnecessary, but can be detrimental to tree growth (4). The
most recently published research comparing actual trunk stabilization methods
used only one tree species and three systems (6). No research literature has
been found comparing newer tree stabilization methods wherein root balls are
anchored rather than trunks staked or guyed, thereby removing any possibility of
trunk constriction or damage.
The most commonly used tree stabilization methods use one or more wooden
stakes with hose covered wire guying attaching the stakes to the trunk.
Unfortunately these staking and guying methods frequently restrict trunk
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movement or cause trunk damage, especially due to non-removal. In urban
areas, above ground stabilization methods can cause unsafe situations for
grounds management personnel, pedestrians, cyclists, and pets due to the
potential for entanglement in the stakes or guying.
Numerous alternatives to above ground wooden stakes and hose-covered
wire exist. The purpose of our research was to compare above and below
ground stabilization methods using multiple locations and tree species. We ﬁrst
conducted surveys of manufacturers of stabilization products and methods, and
current practitioner industry usage. Second we initiated ﬁeld research in March
2003 at two Virginia sites: Hampton Roads Agricultural Research and Extension
Center (HRAREC), Virginia Beach, VA, and Riverview Farm Park (RFP), Newport
News, VA.
At HRAREC, 13 stabilization treatments were applied to 5 cm (2 in) caliper
ﬁeld-grown Bradford pear (Pyrus calleryana ‘Bradford’) replicated ﬁve times
in a randomized complete block design. The 13 treatments were: control (no
stabilization); nine above-ground methods - two wooden stakes (TWS) with
hose-covered wire guying, TWS with poly chain lock guying, TWS with CinchBelt, TWS with Arbor Tie, one ﬁberglass pole Reddy Stake, one metal T-post
with Tree-Mate-O, three Arbor Guy anchors and ties, three short wooden stakes
with DeWitt Stake Straight, three short poly stakes with Gardener Stake Kit –
and three below-ground methods – three Foresight duckbill anchors and one
ball straps, two Tomahawks, and two Tree Staples.
At RFP, four stabilization treatments were applied to 5 cm (2 in) caliper
ﬁeld-grown Chinese pistache (Pistacia chinensis) replicated four times in a
randomized complete block design. The four treatments were: control (no
stabilization) and the three below-ground methods mentioned above. Also at
RFP, six stabilization treatments were applied to 5 cm (2 in) caliper ﬁeld-grown
lacebark elm (Ulmus parvifolia ‘Allée’) replicated ﬁve times in a randomized
complete block design. The treatments were: control (no stabilization); four
above-ground methods - two wooden stakes (TWS) with poly chain lock guying,
TWS, one ﬁberglass pole Reddy Stake, one metal T-post with Tree-Mate-O,
three Arbor Guy anchors and ties, and one below-ground method – two pairs
of wooden stakes driven opposite each other and against the root ball, then
connected with a wooden cross piece (3).
Results and Discussion: Results of the manufacturer and practitioner surveys
are summarized in Appleton et al. (2). Relative to the ﬁeld research, no trees in
the HRAREC trial were leaning or damaged by the products either six months
after installation when hurricane Isabel occurred, or after one year of installation.
There were signiﬁcant differences in trunk caliper measured at both 15 cm (6 in)
and 101 cm (40 in) above ground (Table 1), with the upper caliper measurement
representing the average attachment level of products with around-trunk guying.
The conventional treatment of stakes with wire-covered hose guying and the
three below-ground stabilization products were among the treatments that had
the most adverse effect on trunk caliper development. With this species under
the conditions of this research these results suggest that some slight movement
of both trunk and root ball may be beneﬁcial to tree establishment. Second year
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measurements may conﬁrm or refute this trend, as well as two new stabilization
projects installed in spring 2004.
At RFP, after one year slight leaning had occurred with one or more Chinese
pistache for all treatments, but none so severely as to necessitate major
restabilization. There were no signiﬁcant differences in trunk caliper measured at
15 cm (6 in) above ground, and because all products were applied below ground
to the root ball, no above ground trunk damage. Products were left in place and
trunks will be remeasured, and product deterioration evaluated, after two years.
For the lacebark elms at RFP, within two weeks of installation, three of the
ﬁve trees stabilized with the below-ground wooden stakes were leaning
considerably, necessitating restabilization. Six months after installation when
hurricane Isabel occurred, all control trees ended up either leaning or ﬂat to the
ground. Trees with the other four treatments had some minor leaning both after
the hurricane and after one year. There were no signiﬁcant differences in trunk
caliper measured at 15 cm (6 in) above ground after one year. Products were
removed and slight trunk marking, that could escalate to damage if products
were not removed, was noted for some treatments.
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Table 1. One year change in pear trunk caliper in response to tree
stabilization method.
Stabilization Product

Caliper change –
15 cm (6 in)
above ground

Caliper change –
101 cm (40 in)
above ground

Control – no stabilization

1.10 (2.8) abx

0.54 (1.4) bcdw

AGz – Stakes/Wire and hose

0.56 (1.4) c

0.30 (0.7) d

AG – Stakes/Cinch-Belt

0.68 (1.7) c

0.50 (1.3) d

AG – Stakes/Arbor Tie

1.12 (2.8) a

0.82 (2.1) ab

AG – Stakes/poly chain lock

1.08 (2.7) ab

0.84 (2.1) a

AG – Tree-Mate-O

1.08 (2.7) ab

0.80 (2.0) abc

AG – Reddy Stake

0.76 (1.9) bc

0.34 (0.9) d

AG – Arbor Guy

0.72 (1.8) c

0.54 (1.4) bcd

AG – DeWitt Stake Straight

0.70 (1.8) c

0.44 (1.1) d

AG – Gardener Stake Kit

0.88 (2.2) abc

0.52 (1.3) cd

BGy – Duckbill anchors

0.66 (1.7) c

0.50 (1.3) d

BG – Tomahawk

0.90 (2.3) abc

0.46 (1.2) d

BG – Tree Staple

0.56 (1.4) c

0.26 (0.7) d

AG – Above ground

z

y

BG – Below ground
Mean separation within column by LSD, P=0.05

x

Mean separation within column by LSD, P=0.05

w
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Effect of Nitrogen Rate and Nitrogen Timing on Herbaceous
Perennials in a Simulated Landscape
C.L. Proctor, S.L. Warren, R.L. Mikkelsen, D.J. Werner and H.T. Kraus
NC State University, Dept. of Horticultural Science, Raleigh, NC 27695-7609
cindy_proctor@ncsu.edu
Index Words: Coreopsis verticillata ‘Moonbeam’, Iris siberica ‘Caesar’s Brother’,
Sedum ‘Herbstfreude’, Dry Weight, Flowers, Growth Index
Signiﬁcance to Industry: Adequate performance of perennials while reducing
potential nitrogen (N) losses is important for both improved landscape
performance and decreased environmental risk. Most ornamental characteristics
of Coreopsis increased with increasing N rate, whereas Iris did not respond to
N rate nor N timing. Even though Coreopsis responded signiﬁcantly to N rate,
the growth response was limited to an increase of 16%. Combine this with the
limited response of Iris and Sedum to N rate, it would appear that perennials
may only require a low rate of N. The Sedum data suggest that N timing may
affect growth and ﬂowering of some perennials. The other aspect that must be
considered is potential NO3-N leaching losses. Proctor et al. (10) reported that
rates above 14 g • m-2 (3 lbs N • 1000 ft-2) resulted in very high soil solution
NO3-N levels that might lead to high leaching losses. Since most herbaceous
perennials will be grown with a wide variety of perennial species, it may not be
possible to develop precision N rate and timing recommendations. Data herein
suggests a low rate of N [(7 g • m-2) (1 lb • 1000 ft2)] divided between early spring
and late summer may provide the N needs for most herbaceous perennials.
Nature of Work: Perennials are herbaceous plants with many species available in
the trade. Their use is worldwide among public gardens, commercial, and home
landscapes. Trade journals such as American Nurseryman, GM Pro, and NM Pro
have repeatedly used perennials as their cover story in recent years (1,4,9). In
2000, herbaceous perennials accounted for 27% of all U.S. plant sales, with $642
million wholesale value among 7,391 producers (6).
Much literature exists on perennials for tradesmen and homeowners and most
agree on topics such as propagation methods, pruning needs, and planting
techniques, however, fertilizer recommendations vary dramatically regarding
N rate and timing. Nitrogen recommendations range from 0 to 25 g N • m-2
(5 lbs N • 1000 ft-2) and timing of N application ranges from a split application
in early spring and mid-summer, once at budbreak, and simply to apply “in the
growing season” (3, 7, 11, 12).
Research has examined the response of perennials to N in container-grown plant
production (2, 5). Results from these studies, however, bear little relevance to
herbaceous perennials in a landscape setting. Nitrogen not taken up by plant
roots are subjected to a variety of losses such as leaching and denitriﬁcation.
Nitrogen rate and application timings should focus on maximizing ornamental
qualities while minimizing rate of N application. Therefore, the objective of this
study was to determine the effect of N rate and N timing on growth index, dry
weight, and number of ﬂowers on six selected herbaceous perennials.
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The experiment, a 4 x 4 factorial in a randomized complete block design
with four replications, was conducted at the Horticulture Field Laboratory,
Raleigh, N. C. from Oct. 2000 to Oct. 2003. Treatments included four rates of
N: 0, 7, 14, and 28 g • m-2 (0, 1.5, 3.0, and 6.0 lbs • 1000 ft-2) and four timings of
application. Each N rate was divided equally into two applications and applied
at the following times: winter (Jan. 15 and Feb. 15); spring (April 15 and May 15);
summer (June 15 and July 15); fall (Sept. 15 and Oct. 15). All N was applied as
ammonium nitrate (34-0-0). Nitrogen application was initiated Sept.15, 2001.
Prior to this study, no N has been applied to this site since 1998.
Before planting, the pH, phosphorus (P), and potassium (K) of the Cecil clay
loam were adjusted according to the North Carolina Department of Agriculture
soil report and 1 inch of milled pine bark (<0.5 in) was rototilled into the soil.
Individual plots were 2.4 x 3.4 m (8 x 11 ft). To maintain treatment integrity, a
plastic barrier was installed to a depth of 61 cm (24 in) between plots to keep
roots and applied N within each plot. The following perennials 2.8 L containers
(3 qt) were planted in Oct. 2000: Canna ‘Mr. President’, Coreopsis verticillata
‘Moonbeam’, Echinacea purpurea ‘Magnus’, Iris siberica ‘Caesar’s Brother’,
Panicum virgatum ‘Shenandoah’, and Sedum L. ‘Herbstfreude’. Perennials were
selected to represent a range of ﬂowering times and biomass production. All
plots received 2.5 cm (2 in) of mulch (composted yard waste) after planting. If
rainfall did not supply 2.5 cm (1 in) of water weekly, irrigation was applied via drip
emitters, (Xeri-bug, Rain Bird, Glendora, CA ) at a rate of 1.9 L • hour-1 (0.5 gal
• hour-1). Additional soil testing was performed for each plot in Mar. 2002 and
2003 and pH, P, and K levels were adjusted accordingly. Weeds were controlled
by hand or by directed applications of glyphosate weekly during the growing
season and monthly during the dormant season. Due to length restrictions,
this manuscript will focus only on the 2003 growing season for Coreopsis, Iris,
Panicum, and Sedum.
Flowers for Iris were counted daily, whereas Coreopsis ﬂowers were counted
weekly. Sedum ﬂowers were observed weekly for cyme color change. Panicum
ﬂowers were not counted. A ﬂower was counted when all rays were completely
unfurled and the disk exposed, when falls (outer 3 petals) were partially reﬂexed,
and when > 20% of the cymes displayed a pink coloration, for Coreopsis,
Iris, and Sedum, respectively. A ﬂower was no longer counted once it lost its
aesthetic appearance. To estimate total number of ﬂowers for Coreopsis, three
10 cm2 (4 in2) openings were placed diagonally 20 cm (8 in) apart on a 0.5 m x
1.2 m (1.5 ft x 4 ft) foam board and the corner of the foam board was placed at
the northeast position of each plant. Total number of ﬂowers in each opening was
added together and divided by three, providing the number of ﬂowers per cm2. To
determine total number of ﬂowers per plant, the following formula was used: Total
ﬂower number = [(mean number of ﬂowers/10 cm2) x (total plant cm2/10)].Total
plant cm2 was determined by multiplying maximum plant width by perpendicular
width. Growth index (GI) was measured starting May 20, 2003 and every two
weeks until GI remained unchanged for two subsequent measurements which
was Aug. 3, July 22, July 22, and Aug. 3, for Coreopsis, Iris, Panicum, and
Sedum, respectively. GI was measured accordingly: GI = Plant height (included
ﬂower) + [(maxium plant width + perpendicular width/2]. All data were subjected
to analysis of variance procedures (ANOVA) and regression analysis when
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appropriate. Treatments means were separated by Fisher’s protected least
signiﬁcant difference (LSD), P= 0.10, where appropriate. Alpha was set to 0.10
due to the variable nature of ﬁeld experiments, and to avoid making Type II
statistical errors (8).
Results and Discussion: Coreopsis was in ﬂower from May 30 to Aug. 15 (data
not presented). Number of ﬂowers per plant increased linearly with increasing
N rate on June 24 and July 1 (Fig.1). Top dry weight also increased linearly with
increasing N rate (Fig. 2). Likewise, GI increased linearly with increasing N rates
on June 1 and every two weeks thereafter until Aug. 3 (data not presented).
For Coreopsis, number of ﬂowers, GI, and top dry weight were unaffected by N
application timing. Iris was in ﬂower from Apr. 30 to May 12 with an average of 70
ﬂowers per plant. Average top dry weight was 1053 g (2.3 lb) and GI was 127 cm
(51 in) (data not presented). However, these results were unaffected by N rate or
N timing. For Panicum, average top dry weight was 1218 g (2.7 lb) and average
GI was 163 cm (65 in), yet these results were unaffected by N rate or N timing
(data not presented). Sedum was in ﬂower from Aug. 4 to harvest on Oct. 7. On
Aug. 4, N applied in September/October advanced cyme coloration compared
to all other timings (Table 1). From June 26 to July 24, GI for Sedum was
signiﬁcantly greater when N was applied in April/May compared to June/July and
September/October (Table 2). By Aug. 4, 20 days after June/July fertilization GI
was similar among all N timings that had received N in 2003 (January/February,
April/May, and June/July). Most measured variables for Iris, Panicum, and Sedum
were unaffected by N rate. The N rate x N timing interaction was not signiﬁcant
for Coreopsis, Iris, Panicum, and Sedum.
Most ornamental characteristics of Coreopsis increased with increasing N rate,
whereas Iris did not respond to N rate nor N timing. Even though Coreopsis
responded signiﬁcantly to N rate, the growth response was limited to an increase
of 16%. Combine this with the limited response of Iris and Sedum to N rate,
it would appear that perennials may only require a low rate of N. The Sedum
data suggest that N timing may affect growth and ﬂowering of some perennials.
The other aspect that must be considered is potential NO3-N leaching losses.
Proctor et al. (10) reported that rates above 14 g • m-2 (3 lbs N • 1000 ft-2)
resulted in very high soil solution NO3-N levels that might lead to high leaching
losses. Since most herbaceous perennials will be grown with a wide variety
of perennial species, it may not be possible to develop precision N rate and
timing recommendations. Data herein suggests a low rate of N [(7 g • m-2)
(1 lb • 1000 ft2)] divided between early spring and late summer may provide the N
needs for most herbaceous perennials.
Acknowledgements: The authors gratefully acknowledge the Perennial Plant
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Table 1. Effect of N timing on ﬂower color of Sedum 'Herbstfreude', 2003z.
Nitrogen timing

Aug. 4

Aug. 15

January/February

1.3by

1.7bc

April/May

1.1c

1.6c

June/July

1.3b

1.9ab

September/October

1.6a

2.0a

Flower color recorded with 1 = No and 2 = Yes.

z

y

Means separated within columns by Fishers protected LSD, P=0.10.

Table 1. Effect of N timing on growth index (GI) of Sedum 'Herbstfreude' at
various dates, 2003.
Date
June 26

July 10

Nitrogen timing

July 24

GI (cm)

January/February

716ab

73.0ab

85.8ab

April/May

74.3a

75.9a

89.2a

June/July

67.4b

69.6b

80.6b

September/October

65.4b

67.9b

79.9b

z

Means separated within columns by Fisher protected LSD, P=0.10.

z

444

Landscape Section

SNA RESEARCH CONFERENCE - VOL. 49 - 2004
Fig. 1. Effect of N rate on ﬂower number of Coreopsis verticillata ‘Moonbeam’ on
June 24 and July 1,2003. Each symbol is based on 16 observations and vertical
bars = S.E.

Fig. 2. Effect of N rate on top dry weight (g) of Coreopsis verticillata ‘Moonbeam’,
2003. Each symbol is based on 16 observations and vertical bars = S.E. 12.
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Effects of Day/Night Temperature on
Survival of Delphinium × cultorum
Jean-Jacques B. Dubois and Frank A. Blazich
NC State University, Dept. of Horticultural Science, Raleigh, NC 27695-7609
jbdubois@unity.ncsu.edu
Index Words: Delphinium × cultorum, Herbaceous Perennials, Diurnal
Temperature Cycling, Heat Stress, Survival
Signiﬁcance to Industry: Experimental data demonstrate that daily average
temperature (DAT) is sufﬁcient to account for high temperature losses in
the cool-climate herbaceous perennial, Delphinium × cultorum Voss ‘Magic
Fountains’ (‘Magic Fountains’ delphinium). When separated, the effects of day
temperature and night temperature are not meaningfully different from each
other in magnitude. Thus, lethality of southern climates for some cool climate
perennials is likely a function of DAT, and of duration of exposure.
Nature of Work: Contrary to row crops and many vegetable crops, cultivars
of which are developed for relatively circumscribed regional adaptation,
landscape ornamentals are not typically selected for their performance in some
speciﬁc climatic conditions. Expectations are for success in as wide a range of
environments as possible, without recourse to locally adapted cultivars in the
event of failure. Among perennials in particular, many species with long histories
in cultivation were bred and selected in climates with overall cooler growing
seasons than the southeastern United States. In the worst instances, species
that may survive winter lows and even thrive in spring, decline and die outright
before the end of a single growing season.
It is sometime believed that the contrast between night and day temperature
becomes less pronounced with decreasing latitude in the eastern United
States, and that high night temperature is primarily responsible for the lethality
of southern climates for cooler climate taxa. One of the most notable climatic
features of the eastern United States, however, is the remarkable consistency
of daily temperature range (DTR) over the gradient of DAT that reaches from
Canada to the Gulf of Mexico (4). Allowances made for elevation differences,
any given DAT in the eastern United States is always paired with approximately
the same temperature spread between day and night. The dominant continental
gradient in DTR is longitudinal, with the western United States experiencing
wider day/night temperature spread. Average night temperature for the growing
season in the southern portion of the DAT gradient, though, is clearly higher
than at the northern end, even if day/night difference is mostly unchanging.
Therefore, supposing that heat stress is more damaging at night than in the
daytime, it remains possible that high night temperature be the cause of lethality.
The plausibility of this hypothesis is reinforced by the readiness of a possible
explanatory mechanism: plant death under conditions of prolonged heat stress
may be connected to accumulated assimilatory deﬁcit, whereby losses from
nighttime respiration exceed gains from photosynthesis.
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The authors have reported (1) an experiment establishing that to account
for the organismal level response of gross productivity to heat input, over a
season-long time scale, daily input must be separated into at least two data
among the following four: day and night temperature, DAT, and DTR (any pair
among the four being a linear combination of the remaining pair). It is unknown
at present whether the same is true of survival under high temperature, or
whether lethality is attributable to one of these four factors above the others.
The same experiment provided the survival data presented herein. Two hundred
and seventy transplants of the cool-climate perennial, D. × cultorum ‘Magic
Fountains’, were potted in 3 qt (#1) containers ﬁlled with a substrate of 8
composted pine bark : 1 sand (by vol.) amended with 2 lb/yd3 dolomitic lime.
Following acclimation in a heated greenhouse, the plants were transferred to six
growth chambers set at constant temperatures of 50, 59, 68, 77, 86, or 95°F,
and treatments were initiated. The experiment was in a completely randomized
design with a factorial arrangement of the following eighteen 12 hr day/12 hr
night temperature combinations (and corresponding DAT and DTR), and ﬁfteen
plants per treatment:
Tday( ̊F)

50

50

50

59

59

59

68

68

68

77

77

77

86

86

86

95

95

95

Tnight( ̊F)

50

68

86

59

77

95

50

68

86

59

77

95

50

68

86

59

77

95

DAT( ̊F)

50

59

68

59

68

77

59

68

77

68

77

86

68

77

86

77

86

95

DTR( ̊F)

0

-18 -36

0

-18 -36

18

0

-18

18

0

-18

36

18

0

36

18

0

Temperature combinations were achieved by moving plants to appropriate
chambers at the beginning and end of the 12 hr photoperiod. Plants were
fertigated as needed with a complete nutrient solution providing N at 106 ppm.
Randomly predetermined plants were harvested after 13, 34, or 56 days, 15
plants per treatment or fewer when some of the predetermined 15 had died
before harvest. For every plant in the experiment, the day of either death or
harvest was recorded.
Results and Discussion: Plants deaths occurred only in the nine treatments
for which DAT was ≥ 77°F. Those observations are represented in Fig. 1 by nine
step curves, with a step change in value every day one or more deaths occurred
in that treatment group. It is readily apparent that the distinction between levels
of DAT is much greater than between levels of DTR, with the exception of the
77°F DAT/ 36°F DTR (95°F day/59°F night) treatment. Data were analyzed using
time-to-event data analysis methods (2,3). These are used in various ﬁelds to
analyze event data, which are generally not normally distributed, and where
only partial information is often available. In this experiment, Weibull or lognormal distributions were found to be most likely, and 78% of the total number
of plants had not died at the time they were removed from the experiment. This
portion includes all of the plants from treatments where no high temperature
deaths occurred.
When the explanatory variables used were day and night temperature, model
log-likelihood under the log-normal distribution assumption was -21.80, vs.
-76.57 for the model including day temperature only and -102.20 for night
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temperature only. The log-likelihood of the null model was -132.41. The value
of model log-likelihood is indicative of the explanatory value of the variable
or combination of variables included, while the difference in log-likelihood
between two models is commensurate to the signiﬁcance of the parameters
or variables added to one to obtain the other. Variables that do not increase
model log-likelihood should in general not be added. Given the relationships
among the four temperature variables under consideration, the log-likelihood
of the model comprising DAT and DTR was likewise -21.80. However, with
DAT as sole explanatory variable, log-likelihood was only reduced to -26.72,
whereas inclusion of DTR only reduced it to -131.30, which is not signiﬁcantly
different from the null model. There was no interaction between either DAT and
DTR, or day and night temperature. The difference between the one variable
and two variable models was signiﬁcant (P=0.002), but is hardly meaningful
when the value of the parameters for DAT and DTR are considered. They are
-0.0710 and -0.0056, respectively, which means that for every one degree
Fahrenheit increase in DAT, median survival time is expected to decrease by
7% [100(e-0.0710 -1)], but that for the same increase in DTR, the change would be
0.6% [100(e-0.0056 -1)]. The effect on any percentile other than the median would
be the same. Every degree Fahrenheit increase in day temperature decreased
median survival time by 4%, and by 3% for night temperature. In other words,
the lethal effect of excessive night temperature may be marginally lower than
that of excessive day temperature, and although the effects of day and night
temperature can be separated, almost all of the total effect is absorbed by
DAT. Three smooth curves in Fig. 1 illustrate the predicted values of cumulative
survival over time for the model including DAT only.
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Fig. 1. Cumulative percentage survival of Delphinium × cultorum over time.
Step curves represent observed survival under each of nine temperature
combinations. Smooth curves represent predicted values for a parametric
lognormal model including DAT as a single explanatory variable.
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