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Utility Line Arboreta
Bonnie L. Appleton and Brenda M. Johnson-Asnicar
Hampton Roads Agricultural Research and Extension
Center, Virginia Tech, Virginia Beach, VA 23455
bapple@vt.edu
Index Words: line clearance, power outages, utility compatible trees
Signiﬁcance to Industry: One of the major projects of Virginia’s Municipal
Tree Restoration Project (MTRP) is the establishment of utility line arboreta in
multiple state locations as a way to evaluate and showcase utility compatible
trees. As more appropriately-sized trees are identiﬁed it is hoped that Virginia
nurseries will begin to produce sufﬁcient quantities so that municipalities, utility
companies, landscape professionals, and citizens wishing to replace trees that
are potentially hazardous, due to their utility-incompatible size or their general
condition, will ﬁnd adequate planting stock available. Participation in similar tree
restoration efforts can provide niche markets and contract growing opportunities
for nurseries across the United States.
Nature of Work: In the United States a major conﬂict exists between overhead
utility lines and inappropriately tall trees planted in or near line easements.
Trees can cause power outages by direct contact with lines, or as they or their
branches fall on the lines (1). Each year in excess of $2 billion dollars is spent for
line-clearance pruning and whole tree and tree debris removal. Unfortunately,
line clearance is a maintenance task that must be frequently repeated, usually
on three to ﬁve-year cycles depending on line location and tree height and
growth rate.
In 1994 a utility line arboretum was started at Virginia Tech’s Hampton Roads
Agricultural Research and Extension Center (HRAREC) in Virginia Beach, to
evaluate and showcase more overhead utility compatible small trees and large
shrubs (4). To date over 150 species and cultivars have been planted. Trees from
this ongoing evaluation that have satisﬁed the desired height (generally maturing
no more than 35’) and other predetermined street tree criteria (low maintenance,
pest tolerant, etc.) have been listed in several publications (2,3,5).
Results and Discussion: When Virginia’s MTRP was started in 2000 it was
decided that one of the best ways to draw attention to the tree-overhead
utility line conﬂict would be to establish utility line arboreta in multiple state
locations. While the HRAREC utility line arboretum is a good model to follow
in areas where no overhead utility lines already exist, or where uncharged
lines are desired so that pruning and other demonstrations or activities can he
safely held, it was determined that other types of utility line arboreta should
be designed.
Two other models for utility line arboreta have since been developed. One
involves using existing overhead (charged) utility lines along frequently traveled
streets. Existing trees that have overgrown the lines and require frequent
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line clearance pruning, or that have been determined to be hazard trees,
are removed and replaced with utility-compatible trees. The ﬁrst utility line
arboretum of this type was started in 2002 in the city of Abingdon, Virginia.
Thirty hazard trees along Abingdon’s two main streets were removed and
80 new trees planted. Designated utility line arboreta of this type are currently
being developed in at least eight other Virginia cities.
The third utility line arboretum model involves using existing lines (including
high tension lines) where no trees are currently growing. The ﬁrst of this type of
arboretum was started this year at the Chesapeake Arboretum in Chesapeake,
Virginia, using overhead lines that parallel a major road bordering the Arboretum.
All Virginia utility line arboreta are designated as such with common signage
bearing the MTRP logo and slogan (Look Up Virginia). The MTRP goal (seeking
to reduce the tree/utility conﬂict by educating...inﬂuencing...encouraging
people to recognize the conﬂict, remove problematic tree/utility situations, and
plant appropriately) is listed on the sign along with the utility line arboretum’s
development partners. HRAREC Utility Line Arboreta partners are Virginia
Tech (arboretum site and maintenance); Dominion Virginia Power (the local
utility company that erected the poles and utility lines); the Virginia Department
of Forestry, the Virginia Agricultural Council, and the Virginia Nursery and
Landscape Association (grant sources for tree purchases); and J. Frank
Schmidt & Son Company (nursery donor of numerous trademarked Utilitrees).
The HRAREC Utility Line Arboretum is used not only to evaluate and showcase
utility-compatible trees, but for numerous other activities. Tidewater Community
College’s Horticulture Program uses it for woody plant identiﬁcation courses.
Virginia Cooperative Extension uses it for Master Gardener and Tree Steward
woody plant identiﬁcation and pruning instruction. The Norfolk Botanical
Garden’s Arborist Training Program uses it for tree planting and pruning
practicum.
Because one inappropriately tall tree, to serve as height reference, was planted
under each of the two spans of lines at the HRAREC utility line arboretum, when
these two trees overgrow the lines a local line clearance company uses them for
demonstrations of correct utility line clearance pruning during HRAREC industry
ﬁeld days.
More details of how utility line arboreta can be developed, as well as location
pictures and expanded lists of compatible trees, will soon be available on the
MTRP website – www.utilityfriendlytrees.com.
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Deciduous Holly Fruit Abundance and Size
Richard E. Bir and Joseph L. Conner
NC State University
Index of Words: Ilex verticillata, Ilex serrata, Winterberry holly
Signiﬁcance to the Industry: Under North Carolina mountain conditions,
the deciduous holly cultivars ‘Bonﬁre’, ‘Harvest Red’, ‘Red Sprite’ and ‘Winter
Red’ had the largest amount of fruit per length of stem, while ‘Stop Light’ and
‘Sunset’ had the largest fruit.
Nature of Work: Winterberry hollies, Ilex verticillata, Ilex serrata and their
hybrids, have a signiﬁcant impact both on the landscape trade and the ﬂorist
trade for cut stems of berry laden female shrubs. While attractiveness is often
subjective and difﬁcult to quantify with qualities such as color and sheen
paramount to purchasers, the numbers of berries and their size can be more
easily compared.
A ﬁeld grown trial was established at the Mountain Horticultural Crops Research
Station in Fletcher, NC. Seventeen female cultivars of winterberry hollies were
established four feet apart in parallel rows with cultivar placement randomized
within rows with seven appropriate males cultivars also randomized within each
row. There were three rows which represented 3 replicates. Representative
stems were collected from each bush in late November of the fourth year of the
trial. Five stems per shrub were cut to 1 foot (30.5 cm) lengths and the number
of fruit rated with 0 = no berries and 10 = fruit touching the full length of the
stem section. The diameter (mm) of ten berries from each stem was measured.
Results and Discussion: Considerable variation existed from cultivar to
cultivar yet little variation existed within cultivars when fruit abundance and size
were considered. The most commercially popular cultivars when the trial was
established were also those with the greatest abundance of fruit.
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Table 1. Berry abundance and size for winterberry hollies.
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Cultivar

Berry abundance

Berry diameter (mm)

‘Afterglow’

9.3

8.4

‘Auriantiaca’

8.7

8.6

‘Bonﬁre’

10.0

7.3

‘Bright Horizon’

1.0

8.2

‘Cacapon’

7.3

7.6

‘Christmas Cheer

9.0

9.1

‘Fairfax’

6.0

9.3

‘Harvest Red’

10.0

7.7

‘Maryland Beauty’

9.0

8.6

‘Quitsa’

9.0

9.5

‘Red Sprite’

10.0

9.6

‘Shaver’

2.3

8.7

‘Sparkleberry’

9.3

7.4

‘Stop Light’

9.0

10.8

‘Sunset’

5.0

10.3

‘Winter Gold’

9.7

8.7

‘Winter Red’

10.0

8.7
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Resistance of Selected Hibiscus
Genotypes to the Hibiscus Sawﬂy1
Christopher L. Cheatham and David W. Boyd, Jr.
USDA, ARS, Southern Horticultural Laboratory,
P.O. Box 287, Poplarville, MS 39470
ccheatham@ars.usda.gov and dboyd@ars.usda.gov
Index Words: Hibiscus spp., Hibiscus Sawﬂy, Atomacera decepta, Host Plant
Resistance
Signiﬁcance to Industry: Hibiscus acetosella, H. aculeatus, and H. grandiﬂora
were determined to be good candidates for use in a sawﬂy resistance-breeding
program and will be used to develop hibiscus cultivars that resist the hibiscus
sawﬂy. Plants resistant to hibiscus sawﬂy can be marketed as a component of
an landscape integrated pest management (IPM) program to promote higher
consumer satisfaction for crop.
Nature of Work: The breeding program at the Southern Horticultural Lab,
Poplarville, Mississippi, has a large collection of hibiscus germplasm. Hibiscus
sawﬂy larvae have been observed feeding on certain hibiscus species and
cultivars, but not on others. The objective of this study was to determine
the susceptibility or resistance of twelve genotypes of hibiscus to the
hibiscus sawﬂy.
The following twelve Hibiscus genotypes were used in our evaluations:
H. acetosella Welw. ex Hiern., H. aculeatus Walt., H. coccineus Walt.,
H. dasycalyx Blake & Shiller, H. grandiﬂora Michx., H. x ‘Hinagoya White’,
H. x ‘Kopper King’, H. lasiocarpus Cav., H. militaris Cav., H. moscheutos L.,
H. mutabalis L. ‘Rubrus’, and H. paramutabilis Bailey. Six plants of each
species (only ﬁve of H. mutabalis ‘Rubrus’) were potted from liners to #1 (trade
gallon) containers on August 11, 2003. The media used was a pine bark and
sand mixture (3:1), amended with 1.8 kg/0.76 m3 (4 lb/yd3) of 17-9-12 (N:P: K)
slow release fertilizer (Osmocote, Scotts Co., Marysville, OH), 1.8 kg/0.76 m3
(4 lb yd3) dolomitic lime, and 0.7 kg/0.76 m3 (1.5 lb/yd3) minor elements
(Micromax, Scotts Co., Marysville, OH).
Plants were arranged in a completely randomized design on August 13, 2003
in a hibiscus sawﬂy-infested greenhouse, and plants were watered daily with
overhead irrigation. Beginning on August 21, 2003, the number of hibiscus
sawﬂy eggs and larvae on the ﬁrst ten fully developed leaves from each plant
were counted. During the second week only eggs laid after the last count were
counted, assuming the previous week’s eggs had hatched (4). Eggs and larvae
were counted weekly until October 9, 2003. A damage rating was conducted
on October 15, 2003, following the same general trend as the egg and larval
counts, but will not be discussed at this time.
Prior to analysis, egg and larval count data were transformed by adding 0.5
to each data point and then taking the square root. Data were analyzed using
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PROC MIXED with repeated measures (2). Due to the high number of zeros and
failure to meet the assumption of common variance, H. acetosella, H. aculeatus,
H. grandiﬂora, and H. militaris were removed from the analysis and assumed to
be equal to zero. The null hypothesis tested was that the rest of the genotypes
were equal to zero and their means were compared among them using least
squared differences (Fisher’s LSD).
Results and Discussion: Egg and larval counts for all genotypes remaining
in the analyses were signiﬁcantly greater than zero (eggs, P < 0.0001; larvae,
P = 0.0009), and differences were found among genotypes (eggs, P < 0.0001;
larvae, P < 0.0001). The hibiscus sawﬂy females readily deposited eggs
on all genotypes except for H. acetosella, H. aculeatus, and H. grandiﬂora
(Fig. 1A). Although H. militaris was removed from the analysis, a few eggs
were counted on this genotype. Hibiscus mutabilis was the most preferred
genotype for oviposition. Eggs were laid evenly over time with the exception
of September 04, 2003, when the total for all genotypes combined was below
0.3 eggs per leaf (data not shown). There were two generations of sawﬂies in
this test, which was expected, because the sawﬂy may have six generations
per year (4). The number of larvae per leaf followed the same trend as the eggs
with H. acetosella, H. aculeatus, and H. grandilfora having almost no larvae
throughout the test. Hibiscus mutabilis had the highest number of larvae per
leaf (Fig. 1B).
Hibicus acetosella, H. aculeatus, and H. grandiﬂora show promise for breeding
for hibiscus with resistance to the hibiscus sawﬂy. Future breeding programs
should consider including these genotypes in order to develop new cultivars that
have desirable horticultural traits and sawﬂy resistance.
Older literature lists H. militaris, H. lasiocarpus, and H. moscheutos as being
susceptible to the hibiscus sawﬂy (1, 3, 4), each of which was highly susceptible
in this test. These ﬁndings add H. coccineus, H. dasycalyx, and H. paramutabilis
to the list of Hibiscus spp. that are susceptible to the hibiscus sawﬂy. These
susceptible species of hibiscus need to be monitored on a regular basis in order
to apply control measures in a timely fashion.
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Figure 1: Mean number of sawﬂy eggs (A) and larvae (B) per leaf on twelve
genotypes of hibiscus. Bars with the same letter are not signiﬁcantly different at
P < 0.05 (Fisher’s LSD test). Asterisks represent those genotypes that were not
used in the analysis due to failing to meet the assumption of variance.
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Variation in Ploidy Level Among Birch Taxa
Thomas A. Eaker, Thomas G. Ranney,
Zenaida J. Viloria, and Joel A. Mowrey
North Carolina State University, Mountain Horticultural Crops
Research and Extension Center, 455 Research Drive,
Fletcher, NC 28732-9244
tom_eaker@ncsu.edu
Index Words: Betula spp. L., Flow Cytometry, Genome Size, Plant Breeding,
Polyploidy
Signiﬁcance to Industry: Information on ploidy levels is extremely valuable for
use in plant breeding programs. Fertility, crossability, gene dose, and expression
of traits are all inﬂuenced by ploidy levels. This research provides information
on ploidy levels for speciﬁc taxa of birch and will allow for more systematic and
efﬁcient progress in the development of improved hybrids.
Nature of Work: Ploidy level (number of complete sets of chromosomes)
can vary substantially among species of birch (Betula spp. L.) ranging from
2n=2x=28 to 2n=8x=112 (3,6). Intraspeciﬁc ploidy differences can also occur.
For example, different varieties and cultivars of B. papyrifera Marsh. can be 4x,
5x, or 6x (6). Furthermore, most species of birch can readily hybridize, both
between ploidy levels and by fertilization from reduced or unreduced gametes,
resulting in offspring with a tremendous range of ploidy levels (5). Although
ploidy level can be accurately determined by counting chromosomes, ﬂow
cytometry provides a reliable and much faster means for determining relative
nuclear DNA content and associated ploidy level (1). The objective of this study
was to determine the approximate genome size and estimated ploidy level of a
diverse collection of birch.
Leaf samples were collected from trees growing in established, unreplicated,
ﬁeld plots. Approximately 0.5 cm2 each of sample and standard tissues were
chopped with a razor blade in a Petri dish containing 0.5 mL of extraction buffer
(CyStain UV Precise P Nuclei Extraction Buffer, Partec, Münster, Germany). The
suspension was ﬁltered through a 50 ΦΜ ﬁlter and nuclei were stained with
1.5 mL of 4’,6-diamindino-2-phenylindole (DAPI) buffer (CyStain UV Precise
P Staining Buffer, Partec). The suspension was analyzed using a ﬂow cytometer
(PARTEC PA-I, Partec) to determine the mean sample nuclei ﬂuorescence
relative to that of the internal standard. Approximately 5,000 nuclei were
measured per sample. Genome sizes were calculated as nuclear DNA content
for unreduced tissue (2C) as: 2C DNA content of sample = (mean ﬂuorescence
value of sample x 2C DNA content of standard)/mean ﬂuorescence value of the
standard. Malus hupehensis (Pamp.) Rehd. R3T3-SF, with a known genome size
of 2C = 3.46 pg (2), was used as a standard.
Results and Discussion: There was considerable variation in approximate
genome size among the taxa surveyed (Table 1). Some variation in ploidy levels
among Betula taxa has been previously documented (3,6). Most of the species
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reported as diploids, including B. fontanalis Sarg., B. lenta L., B. nigra L., B.
pendula Roth., and B. populifolia Marshall, had very similar 2C genome sizes
ranging from 1.1–1.2 pg. Using this genome size range as an approximate
reference for 2x, we also identiﬁed putative 3x (1.8-2.2 pg), 4x (2.2-2.6 pg),
5x (2.8 pg), 6x (3.1-3.5 pg), and 8x (5.4 pg) taxa. In most cases, these estimates
are consistent with prior reports, with some exceptions. Betula utilis var. prattii
Burkill has been reported to be a diploid (6), while our accessions (different
varieties) of B. utilis var. jacquemontii (Spach) H.J.P. Winkl. and B. utilis var.
occidentalis (Kitam.) all appeared to be tetraploids, suggesting intraspeciﬁc
variation among varieties. Betula costata Trautv. and B. turkestanica Litvin
have been reported as diploids (4), while our accessions were estimated to be
tetraploids, possibly suggesting intraspeciﬁc variation or hybridization. Betula
ermanii Cham. has been reported as a tetraploid (3). One of our accessions
of B. ermanii was estimated to be tetraploid while the other was octaploid.
Betula maximowicziana Reg. has been reported as a diploid (6). One of our
accessions of B. maximowicziana was estimated to be diploid while the other
was triploid, suggesting that it is probably a hybrid. The B. nigra H1997-007
through H1997-018 were treated with the mitotic inhibitor oryzalin as seedlings
yielding tetraploids and one mixoploid (cytochimera), 2n=2x+4x. The B. nigra,
H2002-036-003 through H2002-038-004, were derived from open pollinated
seeds from these 4x B. nigra (planted near 2x cultivars) and yielded triploids (the
result of interploid hybridization). The potential for hybridization and intraspeciﬁc
variation in ploidy levels among birch taxa, emphasizes the need for this type of
cultivar speciﬁc data.
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Table 1. Approximate genome size and estimated ploidy level of Betula taxa
determined from ﬂow cytometry analysis of isolated nuclei.
Taxa

Approximate genome Estimated
Size (pg)
ploidy level

Betula albosinensis Burkill.
Betula nigra L ‘Little King’ Fox Valley®
Betula nigra ‘Cully’ Heritage®
Betula nigra ‘BNMTF’ Dura-HeatTM
Betula fontinalis Sarg. (syn. B. occidentalis)
Betula platyphylla Sukachev., Kamchatka source
Betula szechuanica (C.Schneid.) Jansson.
Betula pendula Roth. ‘Dalecarlica’
Betula pendula ‘Dark Prince’
Betula pendula ‘Purpurea’
Betula ‘Crimson Frost’
Betula ‘Penci-2’ Royal Frost®
Betula lenta L.
Betula populifolia Marshall ‘Whitespire’
Betula maximowicziana Reg. (2002-179)
Betula nigra (H2002-036-003)
Betula nigra (H2002-036-004)
Betula nigra (H2002-036-005)
Betula nigra (H2002-036-006)
Betula nigra (H2002-036-007)
Betula nigra (H2002-036-008)
Betula nigra (H2002-036-009)
Betula nigra (H2002-036-010)
Betula nigra (H2002-036-011)
Betula nigra (H2002-036-012)
Betula nigra (H2002-036-013)
Betula nigra (H2002-036-014)
Betula nigra (H2002-036-015)
Betula nigra (H2002-036-016)
Betula nigra (H2002-036-017)
Betula nigra (H2002-036-018)
Betula nigra (H2002-036-019)
Betula nigra (H2002-036-020)
Betula nigra (H2002-036-021)
Betula nigra (H2002-036-022)
Betula nigra (H2002-036-023)
Betula nigra (H2002-037-001)
Betula nigra (H2002-037-002)
Betula nigra (H2002-037-003)
Betula nigra (H2002-037-004)
550

1.1
1.2
1.1
1.2
1.2
1.1
1.1
1.2
1.2
1.1
1.2
1.2
1.2
1.2
1.2
1.6
1.6
1.5
1.6
1.6
1.7
1.6
1.7
1.6
1.6
1.7
1.7
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.5
1.6
1.6
1.6

2x
2x
2x
2x
2x
2x
2x
2x
2x
2x
2x
2x
2x
2x
2x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
3x
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Taxa

Approximate genome Estimated
Size (pg)
ploidy level

Betula nigra (H2002-037-005)
Betula nigra (H2002-038-001)
Betula nigra (H2002-038-002)
Betula nigra (H2002-038-003)
Betula nigra (H2002-038-004)
Betula maximowicziana (1998-297)
Betula turkestanica Litvin
Betula tianschanica Rupr.
Betula costata Trautv.
Betula ermanii Cham. ‘Grayswood Hill’
Betula utilis var. jacquemontii (Spach) Winkl.
‘Grayswood Ghost’
‘Doorenbos’
‘Fascination’
‘Silver Shadow’
‘Ramdana River’
‘Snow Queen’
‘Polar Bear’
Betula utilis var. occidentalis (Kitam.)
Ashburner & Schilling ‘Kashmir White’
Betula nigra (H1997-007)
Betula nigra (H1997-009)
Betula nigra (H1997-011)
Betula nigra (H1997-014)
Betula nigra (H1997-016)
Betula nigra (H1997-018)
Betula (473)
Betula papyrifera Marsh. (1997-094)
Betula papyrifera (1998-564)
Betula (254)
Betula (270)
Betula ermanii

1.5
1.6
1.6
1.6
1.6
1.8
2.2
2.2
2.5
2.5

3x
3x
3x
3x
3x
3x
4x
4x
4x
4x

2.6
2.3
2.5
2.5
2.4
2.4
2.5

4x
4x
4x
4x
4x
4x
4x

2.5
1.1+2.1
2.3
2.2
2.1
2.3
2.3
2.8
3.1
3.5
3.5
3.4
5.4

4x
2x+4x
4x
4x
4x
4x
4x
5x
6x
6x
6x
6x
8x

Numbers in parentheses are accession numbers.

Z

Values are means, n=2.

Y
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New Opportunities for Breeding
Allopolyploid Azaleodendrons
Ryan N. Contreras and Thomas G. Ranney
N.C. State University, Dept. of Horticultural Science,
Fletcher, NC 28732-9244
rncontre@unity.ncsu.edu
Index Words: Fertility, Flow Cytometry, Pollen Viability, Pollen Germination,
Polyploidy
Signiﬁcance to Industry: Breeding and development of improved nursery
crops depends on the potential for combining desirable traits among genetically
diverse plants. However, hybrids between distantly related taxa (e.g.,
interspeciﬁc and intergeneric) often result in sterile progeny, thereby limiting
breeding opportunities. By restoring fertility in these hybrids, we can greatly
expand the potential for developing new hybrids. An induced allopolyploid form
of the sterile azaleodendron, Rhododendron ‘Fragrant Afﬁnity’ exhibited high
pollen viability as shown by staining and germination assays. With restored
fertility, this allopolyploid may now be utilized in breeding for more cold hardy,
fragrant rhododendrons. This technique may have potential for restoring the
fertility of other sterile hybrids within the genus.
Nature of Work: Rhododendron ‘Fragrant Afﬁnity’ is a cold hardy (-26°C,
-14.8°F), fragrant azaleodendron with semi-evergreen foliage that is believed
to be an intersubgeneric hybrid between R. catawbiense and R. viscosum
(Dr. Augie Kehr, personal communication). Due to its cold hardiness and
fragrant lavender ﬂowers, R. ‘Fragrant Afﬁnity’ would be an asset in a breeding
program; unfortunately, it is sterile.
Hybrid sterility often occurs due to improper chromosome pairing during
gametogenesis. Doubling the chromosome compliment of sterile hybrids
(allopolyploidy) provides a homologue for each chromosome with which to
pair during meiosis and can allow for the development of fertile gametes (1).
Oryzalin (Surﬂan® A.S., Dow AgroScience LLC, Indianapolis, Ind.) has been
shown to be effective in producing fertile allopolyploids from wide hybrids such
as xChitalpa tashkentensis (4).
Apical meristems of diploid Rhododendron ‘Fragrant Afﬁnity’ were treated
with a 150µM (super-saturated) oryzalin solution for 24-hours. Ploidy levels
were determined using ﬂow cytometry (Ploidy Analyser, Partec GmbH,
Münster, Germany).
Pollen was collected from diploid and allopolyploid plants, dried overnight
and frozen at 10.4°F (-12°C). Fertility was evaluated using pollen staining and
germination assays as measures of pollen viability (5). Pollen from both diploid
and allopolyploid plants was stained using 1% acetocarmine solution (2). Wellformed grains with at least one of the tetrads stained were scored as stained.
The germination study was conducted using Brewbaker-Kwak media with 5%
sucrose for eight-hours (3). Pollen with pollen tubes equal to or greater than
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the diameter of the pollen grain was scored as germinated. Pollen analysis was
conducted using a compound light microscope (Micromaster, Fischer Scientiﬁc,
Pittsburgh, Penn.) under 100x and 400x magniﬁcation. Pollen staining and
germination assays were conducted on ten sub-samples, of 100 pollen grains
each, for both the diploid and allopolyploid plants. Data are presented as
means and the standard error of the means.
Results and Discussion: The development of an allopolyploid Rhododendron
‘Fragrant Afﬁnity’ was an effective technique for restoring male fertility. Although
the diploid produced a high percentage of well-formed tetrads, the pollen
grains were small and only had 8% staining (Table 1, Fig. 1). The allopolyploid
generally produced larger, well-formed tetrad pollen that stained at 52%. No
pollen from the diploid R. ‘Fragrant Afﬁnity’ germinated but the allopolyploid
pollen germinated at 22% (Table 1). In addition to in vitro testing, 144 ﬂowers on
the allopolyploid were self-pollinated and have produced seven capsules, which
are currently developing.
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1.

Hadley, H.H. and S.J. Openshaw. 1980. Interspeciﬁc and intergeneric
hybridization, p. 133-159. In: W.R. Fehr and H.H. Hadley (eds.).
Hybridization of crop plants. American Society of Crop Science, Madison,
Wis.

2.

Jahier, Joseph. 1996. Techniques of Plant Cytogenetics. 1st ed. Science,
Lebanon, N.H.

3.

Kearns, C.A. and D.W. Inouye. 1993. Techniques for Pollination Biologists.
1st ed. University Press of Colorado.

4.

Olsen, R.T. 2003. Reproductive Behavior of Diploid and Allopolyploid
xChitalpa tashkentensis. Proc. 48th Ann. Southern Nurs. Assoc. Res. Conf.
48:513-516.

5.

Sharma, A.K. and A. Sharma. 1980. Chromosome techniques: theory and
practice. 3rd ed. Butterworth, Boston.

Table 1. Results from pollen staining and germination tests.
Ploidy Level

% Staining

% Germination

Diploid (2x)

8.3 ± 0.8*

0.0 ± 0.0

Allopolyploid (4x)

51.8 ± 4.8

21.6 ± 6.5

*Means (n=10) followed by ± 1 standard error of the mean.

Plant Breeding & Evaluation Section

553

SNA RESEARCH CONFERENCE - VOL. 49 - 2004
Figure 1. Diploid pollen (left) and allopolyploid pollen (right) stained with
1% acetocarmine.
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Evaluating Eleven Nandina domestica
Taxa in North and South Florida
Gary W. Knox1, Sandra B. Wilson2, and Laurie K. Mecca2
University of Florida, Institute of Food and Agricultural Sciences,
Department of Environmental Horticulture,
1
North Florida Research and Education Center, Quincy, FL 32351
2
Indian River Research and Education Center, Fort Pierce, FL 34945
gwknox@mail.ifas.uﬂ.edu
Index Words: Exotic plants, Invasive, Ornamentals, Heavenly Bamboo
Signiﬁcance to Industry: The Tampa Bay Wholesale Growers, Florida
Nurserymen and Growers Association, and the American Nursery and
Landscape Association Boards of Directors are among the ﬁrst in the nation to
adopt voluntary codes of conduct (invasive plant best management practices)
for the nursery industry. The codes of conduct involve adoption of risk
assessment methods that consider plant characteristics and prior observations
or experience with the plant elsewhere in the world. Research on landscape
plants is critical to provide scientiﬁc 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 State of Florida is the second largest producer of
ornamental plants in the U.S. with an estimated $9.908 billion in total industry
sales during 2000 (2). While most intentionally introduced species remain in
their cultivated settings, some escape cultivation and invade natural areas. Of
the 124 plant species listed as invasive by the Florida Exotic Pest Plant Council
(FLEPPC), 67% were introduced as ornamentals (1). Today, approximately
1.9 million acres of Florida’s remaining natural areas have been invaded by
exotic plant species and more than 240 million dollars have been spent in
Florida to control invasive, exotic plant species since 1980 (1).
Heavenly Bamboo, Nandina domestica, is an extremely popular landscape
plant (USDA Hardiness Zone 6-10) characterized by tri-pinnately compound
leaves that are dark green turning blush to reddish-purple with the onset of low
temperatures. Terminal panicles of white ﬂowers appear in mid to late spring
and are followed in autumn by red fruit. Introduced to the U.S. before 1804,
the species has since escaped cultivation in 9 states (3), including Florida (ﬁve
counties) (7). Data from the UF-IFAS Status Assessment revealed a high invasive
impact for the Nandina species in north and central Florida and recommended
use of caution if planting in south Florida (4).
However, it is the cultivated forms of Nandina that are widely used for foundation
plantings, borders, and massed groupings. Over 40 cultivars of Nandina exist
but no information is available on the potential invasiveness of Nandina across
cultivars or across Florida. Based on cultivar evaluations of Ruellia tweediana (5)
and Buddleia spp. (6), it is suspected that seed production, germination and
viability of Nandina vary among cultivars and geographic location. Data for
Plant Breeding & Evaluation Section
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cultivars is of critical importance for the nursery and landscape industry when
making informed decisions about which plants to grow and implementing newly
adopted voluntary codes of conduct for invasive plants. The overall objective of
this study was to evaluate plant performance, growth, ﬂowering, fruit production
and seed viability of the Nandina species and 10 cultivars planted in Quincy
(Zone 8b) and Fort Pierce (Zone 9b) Florida.
The wild type and ten cultivars of Nandina were selected for this study based
on popularity and availability (Table 1). Plants were installed at Fort Pierce
(USDA Zone 9B) and Quincy (USDA Zone 8B) 4 ft on center on raised beds
covered with plastic mulch. Nine uniform 1 gal plants of each taxon were
planted at each site on 28 Jan 2003 (wild type and seven cultivars) and 28 May
2003 (three additional cultivars). Plants were watered by seep (Fort Pierce) or
drip (Quincy) irrigation as needed and fertilized with a slow release fertilizer
4 wks after planting. Flowering, fruiting and visual quality (plant color and form)
were 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. The experimental design
was a randomized complete block with 11 taxa and 9 single plant replications.
Results and Discussion: In 2003, both locations found ﬂowering and fruiting
on ‘Compacta’, ‘Harbour Dwarf’ and ‘Plum Passion’ and both locations had
no ﬂowering on ‘Filamentosa’, ‘Firepower’, ‘Royal Princess’ and ‘Umpqua
Chief’ (Table 1). ‘Moon Bay’ ﬂowered and fruited only at Quincy in 2003.
‘Harbour Belle’ and Wild type ﬂowered but did not fruit at Ft. Pierce in 2003
while ‘Gulfstream’ ﬂowered but did not fruit at Quincy. All cultivars except
‘Filamentosa’, ‘Firepower’ and ‘Moon Bay’ began ﬂowering in both locations by
May 2004.
Monthly visual assessments at Ft. Pierce showed relatively consistent rankings
for all cultivars except ‘Filamentosa’, which steadily declined throughout the
evaluation period. Monthly visual assessments at Quincy showed rankings
for most cultivars declined in winter but began rebounding with new growth
emerging in April 2004.
Seed viability tests were performed on seed collected from wild type plants
(standard species) that escaped into natural areas of Alfred B. Maclay State
Gardens (Tallahassee, FL) and from plants of ‘Harbour Dwarf’ in a Tallahassee
landscape. Viability of seeds from wild type plants was 97% while viability of
‘Harbour Dwarf’ seeds was 94%. Further studies will evaluate germination and
viability for each cultivar at each location.
Acknowledgements: Authors gratefully acknowledge funding from the Florida
Department of Environmental Protection and the Florida Nurserymen and
Growers Association Endowed Research Fund.
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Table 1. Growth index, visual quality and presence/absence of ﬂowers and fruit
for 11 Nandina domestica taxa grown in north (Quincy) and south (Fort Pierce)
Florida at 68 weeks.
Presence (+) or Absence (-) of
Flowers/Fruit
2003 Ft.
Pierce

2003
Quincy

2004 Ft.
Pierce

2004
Quincy

Compacta

+/+

+/+

+/- z

+/- z

Filamentosa

-/-

-/-

-/-

-/-

Firepower

-/-

-/-

-/-

Gulf Stream™

-/-

Harbour Belle™ (‘Jaytee’, PPAF)
Harbour Dwarf

Nandina domestica taxon

-/-

+/-

+/-

z

+/- z

+/-

-/-

+/- z

+/- z

+/+

+/+

+/-

z

+/- z

Moon Bay™ (Plant Patent No. 5659)

-/-

+/+

-/-

-/-

Plum Passion® (‘Monum’, Plant
Patent No. 12069)

+/+

+/+

+/- z

+/- z

Royal Princess

-/-

-/-

+/- z

+/- z

Umpqua Chief

-/-

-/-

+/- z

+/- z

Wild type (standard species)

+/-

+/+

+/+

+/- z

Fruit have not developed as of May 2004.

Z
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Figure 1. Monthly visual quality assessment (plant color and form) of ten
Nandina cultivars and the wild type planted in north (
) and south
(
) Florida. Levels of performance were independently assessed by three
individuals at each location and rated using a scale from 1 (very poor quality) to
5 (excellent).
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Promising Magnoliaceae for the Gulf Coast
Gary W. Knox
University of Florida, IFAS, North Florida Research
and Education Center, Quincy, FL 32351
gwknox@ifas.uﬂ.edu
Index Words: magnolia, michelia, tree, shrub, broadleaf evergreen, new plants
Signiﬁcance to Industry: A number of new Magnoliaceae taxa are worthy
of landscape use in the Gulf Coast region. Many of these taxa also deserve
more widespread evaluation to determine adaptability across the southeast
U.S. Results of evaluations for growth, ﬂowering, pest resistance and other
characteristics help consumers and the nursery and landscape industries select
the best species and cultivars for production and landscape use.
Nature of Work: Members of the Magnoliaceae family are prized worldwide
for their ﬂowers and have become some of the most widely planted trees. The
availability of new species and cultivars has expanded dramatically in the last
30 years. The opening of China in the 1970’s resulted in cooperative arrangements
with Chinese scientists and botanical gardens, not to mention plant explorations.
Other new or rare species have been discovered or made available from Central
and South America and elsewhere in Asia. Cultivars generated from long-term
breeding programs are ﬁnding new appreciation now that “new plants” are an
important component of the consumer and nursery market.
Since 2000, individual plants of over 120 Magnoliaceae taxa have been planted
in a demonstration site at the University of Florida/IFAS North Florida Research
and Education Center in Quincy. These taxa are being screened for growth,
ornamental characteristics, pest susceptibility, maintenance needs and overall
adaptability to north Florida and the Gulf Coast. The Quincy Center is in USDA
Cold Hardiness Zone 8b and AHS Heat Zone 9. The site has an elevation of
about 190 feet and is located at 30:32:67N and 84:35:79W, about 10 miles south
of the Georgia state line, 20 miles west of Tallahassee, Florida, and 50 miles
north of the Gulf of Mexico. The soil is a Ruston loamy ﬁne sand with pH of 5.8.
Most trees were planted from #3, #5 or #7 containers and were 3 to 5 feet tall
at planting. As noted in Table 1, a few trees were transplanted from the site of
our previous facilities. Trees were fertilized once per year with a slow release
fertilizer (Osmocote Plus 15-9-12 (N-P2O5-K2O; 12-14 month), Scotts Horticulture,
Marysville, OH) applied within 3 feet of the trunk at a rate of 6 pounds N per
1000 square feet. Drip irrigation provided 2 gallons per plant about once per week
in winter and summer and three times per week in spring and fall. Minimal pruning
was performed once each year to establish main leaders and remove dead wood,
crossing branches and water sprouts. Plants were evaluated for ﬂowering once
each week.
Recent molecular and taxonomic studies are contributing changes to the list of
Magnoliaceae genera and species. As a result, researchers now recommend
merging all Magnoliaceae genera except Liriodendron into Magnolia (Figlar and
Nooteboome, 2004; Figlar 2001). Both new and old names are given here since
the new names are not yet widely known.
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Results and Discussion: Of the twenty evergreen taxa in the planting, a number
are notable for ﬂowering and form and deserve more widespread, replicated
evaluation (Table 1). Several of these also have been promoted in other regions
(Lasseigne and Roethling, 2003; Raulston 1996). Magnolia maudiae (Michelia
maudiae) has long been lauded for its early spring display of 5 – 6 inch white
ﬂowers contrasting with blue-green foliage on a small, upright tree. Magnolia
foveolata (Michelia foveolata) is similar to M. maudiae in having gray-green foliage
and 5-inch white ﬂowers in early spring. It is less vigorous than M. maudiae, and
its ﬂowering has been inconsistent from year to year. Magnolia martinii (Michelia
martinii) has developed an attractive, compact, rounded crown of glossy, dark
green leaves but has yet to ﬂower. Magnolia maudiae var. platypetala is the most
impressive plant of this group due to its 4 – 6 inch white ﬂowers and 28 weeks of
ﬂowering in 2003. In addition, this tree has dark green leaves, fast growth and a
narrow, upright form. As reported with other plants of this species, this tree’s true
identity is in question since it does not share characteristics with other Magnolia
maudiae var. platypetala (Lasseigne and Roethling, 2003).
Three forms of Banana Shrub are represented in the planting. Magnolia ﬁgo var.
skinneriana (Michelia skinneriana) has proven to be superior to Magnolia ﬁgo
(Michelia ﬁgo) in form and ﬂowering. The plant of Magnolia ﬁgo var. crassipes
(Michelia crassipes) is younger than the others and did not ﬂower in 2003. So far
it appears to have a more open growth habit. Magnolia × foggii (Michelia × foggii)
is a hybrid of Magnolia ﬁgo and Magnolia doltsopa (Michelia doltsopa). This plant
has dark green leaves, large ﬂower buds covered with brown indumentum and a
3-week display of ﬂowers in spring.
Unlike all the previous species, Magnolia tamaulipana is from northern Mexico
rather than Asia. Its form resembles that of Magnolia grandiﬂora but M.
tamaulipana foliage is a dull, medium green and ﬂowers are somewhat smaller.
M. tamaulipana ‘Bronze Sentinel’ appears to have a more narrow habit than
the species but has not yet ﬂowered. American native evergreens, Magnolia
grandlﬂora ‘Little Gem’ and Magnolia virginiana var. australis, are planted for
comparison to the nonnative species. Magnolia virginiana ‘Jim Wilson’ Moonglow®
has been slow to develop and ﬂower.
All evergreen magnolias appear equally susceptible to magnolia scale
(Neolecanium cornuparvum). No other pests or diseases have affected
these plants.
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–
–
–

–

Michelia martinii
Michelia maudiae
Michelia platypetala

2001
1998; 2001x
2001

2000

2001
2000
2000

1997; 2001x
2000

Year
Planted
2000
2000
2002
2000

11.8
8.9
5.7

15.5

8.3
11.1
14.8

13.1
10.2

Height
(ft.)
10.9
5.2
3.2
8.9

5.7
4.4
2.4

9.4

5.2
9.1
6.8

5.9
7.4

Width
(ft.)
7.3
4.3
4.8
7.9

0
4
0

11

0
4
28

14
18

Primary Dates of
Flowering y
Mar. 17 - Mar. 24
Mar 17 - Apr. 14
–
Mar. 17 - Apr. 28,
Nov. 24 - Dec. 29
Jan. 6 - Mar. 10
May 5 - June 9,
June 23 - Aug. 4
–
Feb. 3 - Feb. 24
Jan. 6 - Feb. 24,
June 30 - Aug. 18,
Sept. 29 - Nov. 10
Apr. 21 - Apr. 28,
May 12 - May 26,
June 23 - July 21
–
May 5 - May 19
–

The ﬁrst year refers to the date planted at former facilities in Monticello, Florida; the second year refers to the date transplanted from Monticello to the current facilities
in Quincy.

Dates for consecutive weeks of ﬂowering, excluding weeks with single ﬂowers. Thus, the number of weeks represented by these dates may not reﬂect the number of weeks
given in the previous column.

x

y

Number of weeks one or more ﬂowers were open.

z

Magnolia tamaulipana ‘Bronze Sentinel’
Magnolia virginiana ‘Jim Wilson’ Moonglow®
Magnolia virginiana var. australis

Magnolia tamaulipana

Magnolia martinii
Magnolia maudiae
Magnolia maudiae var. platypetala

Michelia foveolata

Magnolia foveolata
Magnolia grandiﬂora ‘Little Gem’
–

Former Name
Michelia × foggii
Michelia ﬁgo
Michelia crassipes
Michelia skinneriana

Current Name
Magnolia × foggii
Magnolia ﬁgo
Magnolia ﬁgo var. crassipes
Magnolia ﬁgo var. skinneriana

2003
Number
of Weeks
Flowering z
3
5
0
13

Table 1. Characteristics of promising evergreen Magnolia species planted at the University of Florida/IFAS North Florida Research and
Education Center in Quincy (USDA Cold Hardiness Zone 8b).
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Initiation of Statewide Evaluations of
Pittosporum Taxa in North Carolina
F. Todd Lasseigne, Jon L. Roethling, and Anne Calta
JC Raulston Arboretum, NC State University,
Department of Horticultural Science,
Box 7522, Raleigh, NC 27695-7522
Index Words: Pittosporum Banks ex Gaertn. Taxa, Plant Evaluation,
New Germplasm
Signiﬁcance to Industry: Pittosporum tobira (Thunb.) Ait. and its cultivars
form an important component of inventories of southeastern U.S. nurseries.
In the western U.S. and Europe, P. tenuifolium Gaertn. cultivars also are used
extensively as garden plants. In 1997, Pittosporum (mostly P. tobira) sales in the
U.S. totaled nearly $12.9 million, of which sales in 10 southeastern U.S. states
amounted to $6.2 million (or 48% of total national value) (4). Of the circa 150200 species of Pittosporum known, only 17-25 are listed in standard horticultural
references (1, 2, 3), but of these 17-25 species, the vast majority are known
only from botanical collections. Clearly, the genetic potential of this genus
remains poorly characterized and the potential value of new Pittosporum taxa to
ornamental horticulture and the nursery industry remains unclear.
Nature of Work: Initiated in 2000 by JC Raulston Arboretum (JCRA) Director
Bob Lyons and JCRA Teaching Fellow Andy Upshaw, the Statewide Plant
Evaluation Network was set up in conjunction with 12 cooperating investigators
located at sites across North Carolina ranging from Brunswick County
(southeastern NC, USDA Zone 8) to a high elevation site in Ashe County
(northwestern NC, USDA Zone 6a/5b). The goal of this network is to evaluate
ornamental plants across a much wider climatic and edaphic range than could
be done wholly at the JCRA. Initially, one test group would be selected, with the
period of evaluation running for 3 years, during which a second group would be
identiﬁed and installed at the network sites.
In selecting the ﬁrst group of plants to be tested in this network, several
concerns needed to be addressed: a) relevance to the nursery industry;
b) presence of a diverse collection of this group at the JCRA; and c) opportunity
both to present and solve a question of importance related to the selected group
of plants. Based on these criteria, Pittosporum was selected in 2001 as the
ﬁrst test group. At the JCRA, an assemblage of 30 accessions of 21 taxa of
Pittosporum is now grown, perhaps comprising the largest such collection in the
eastern U.S. Observations at the JCRA have led to the conclusions, generally
speaking, that many taxa originating from southeastern Asia (China and Japan,
in particular) are cold hardy; while those taxa native to New Zealand, Australia,
and Tasmania are not cold hardy in USDA Zone 7b. Table 1 lists the 14 taxa
selected, grown and used for the JCRA Statewide Plant Evaluation Network.
Ease of propagation, lack of knowledge of limits of cold hardiness across
a diverse range of Pittosporum, and the huge importance of P. tobira to the
nursery industry justiﬁed use of this group of plants in the network.
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By June, 2001, all Pittosporum taxa were deemed to be at the correct growth
stage to commence propagation. Approximately 100 stem cuttings of each of
the 14 taxa listed in Table 1 were propagated in our nursery from plants growing
at the JCRA. Following sufﬁcient rooting and growing off, these plants were
then potted into 4-inch square containers in a standard pine bark:sand (8:1, by
vol.) substrate (amended with micronutrients and 1.7 lbs. dolomitic limestone
per cubic yard). After 3 years of growth (from sticking cuttings to ﬁnish), nearly
800 plants (in 3-gallon containers) were ready for installation at the test sites.
All plants were installed at the 12 test sites from April 1 through June 11, 2004.
Five replications were used for 12 taxa; while 2 taxa added to the study at a
later date are either nonreplicated or replicated only twice simply for empirical
observations over the course of this trial. Soil preparation procedures at each
site consisted only of mechanical breakage of the soil (by tilling) and topdressing
of the plants with an organic mulch. Sites ranged from easily worked, sandy
soils high in organic matter (Brunswick County) to baked, compacted clayey
soils (Rutherford County) to sandy loam soils (Henderson County). All plants
are considered to be donations to the respective institutions of the cooperating
investigators, such that following conclusion of the evaluation, they can either
be used for various purposes or destroyed. No proprietary taxa were used in
this trial.
Results and Discussion: With a duration of 3 years for this trial, results are
not ﬁnal and data collection is in progress. The ﬁrst of 12 quarterly evaluatory
and data collection trips was completed in July 2004. Combined with baseline
data collected at the date of installation of each test plot, growth data (height
and canopy dimension) will be calculated over time. Cold injury/tolerance will
be assessed in the spring evaluation, as this factor is anticipated to be the
major stressor of the group of plants assembled for this ﬁrst trial of the network.
Subjective factors such as overall aesthetic appearance, drought/ﬂood stress,
nutrient stress, light stress, and insect and disease occurrence will also be
recorded or assessed at each of the quarterly visits to the 12 test sites. At the
conclusion of the 3-year evaluation period, this trial will be terminated, and
plants will either be removed or kept in place depending on the needs of the
cooperating investigators. A formal published report will follow conclusion of
the trial.
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Table 1. Pittosporum taxa under evaluation in the JC Raulston Arboretum
Statewide Plant Evaluation Network.
Name

Nativity & Comments

P. tobira ‘Wheeler’s Dwarf’
(‘Wheeler’s’)

southeastern Asia; standard cultivar
of the nursery industry; derived
from Japanese provenance

5

P. tobira ‘Variegatum’

southeastern Asia; standard cultivar
of the nursery industry; derived
from Japanese provenance

5

P. tobira ‘Turner’s Variegated
Dwarf’

southeastern Asia; somewhat
uncommon cultivar; derived from
Japanese provenance

5

P. tobira ‘Tall ‘n Tough’

southeastern Asia; named by J.
C. Raulston; derived from Korean
provenance

5

P. tobira (JCRA accession
850652, specimen from bed E34)

southeastern Asia; derived from
Korean provenance

5

P. tobira (JCRA accession
850652, specimen from bed
Field Row E)

southeastern Asia; derived from
Korean provenance

5

southeastern Asia; derived from
P. tobira (JCRA accession
850652, specimen from bed S07) Korean provenance

5

P. tobira (JCRA accession
850652, specimen from bed T03)

southeastern Asia; derived from
Korean provenance

5

P. heterophyllum Franch.

western China; infrequently seen
in botanical collections and old
gardens

5

P. illicioides Makino (syn. P.
sahnianum Gowda)

Japan and China; virtually
unknown, even in botanical
collections

5

P. truncatum Pritzel

central China; virtually unknown,
even in botanical collections

5

P. undulatifolium H.T. Chang &
S.Z. Yan (non P. undulatum Vent.)

western and central China; virtually
unknown, even in botanical
collections

5

P. parvilimbum H.T. Chang & S.Z.
Yan

southern China; virtually unknown,
even in botanical collections

2

P. crispulum Gagnep.

western and central China; virtually
unknown, even in botanical
collections

2
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SERA-IEG-27 Regional Plant Evaluations
Jon T. Lindstrom
Department of Horticulture, University of Arkansas,
316 Plant Sciences Bldg., Fayetteville, AR 72701
tranell@uark.edu
Index Words: landscape plants, plant evaluation, woody plants, perennials
Signiﬁcance to Industry: Independent testing of new plant material at a large
number of locations is crucial before a new plant is introduced. The members
of SERA-IEG-27 evaluate plant material then compile results for dissemination.
Their testing results offer a guide to the nursery industry when selecting the best
plants for production and landscape use.
Nature of Work: The Southern Extension and Research Activities/Information
Exchange Group-27 (SERA-IEG-27), initiated in 1994, is comprised of research
and extension Horticulture faculty from 13 southern states and the United
States National Arboretum (Table 1) (1). The goal of the group is to evaluate
landscape plant material across many different areas of the southern United
States. During the annual meeting, members determine which plants will be
tested by the group. Plants for evaluation are then given a code indicating
state of origin and numerical order of entry into the testing program. Next,
plants are supplied as liners to cooperators who grow the plant to landscape
size before planting out (1). From one to three plants of each selection are
supplied to the cooperators. In SERA-IEG-27, both herbaceous perennials and
woody plants are evaluated. Depending on the plant, the evaluation period
can range from 2 to 10 years. Results of evaluation are disseminated through
educational programs and publications of the participating states. Information
about the program and the plants can also be found on the group’s web site at
http:/ / www.ag.auburn.edu/landscape/SERAhomepage.html.
Results of Work: To date 30 different plants have been evaluated by
cooperators in SERA-IEG-27. The list of plants evaluated in the program is
shown in Table 2. Final reports have been written or are under preparation
for these plants: Cornus mas ‘Spring Glow’ NC96-01, Acer oliverianum
ssp. formosanum GA97-01, Styrax japonicum ‘Emerald Pagoda’ NC98-01,
Pittosporum heterophyllum AL98-01, Cephalotaxus harringtonia TN98-01,
Conradina canescens FL98-01, Lagerstroemia ‘Chickasaw’ DC99-01,
Lagerstroemia ‘Pocomoke’ DC99-02, Plumbago auriculata ‘Hullabaloo’
TX99-01, Turnera ulmifolia TX99-02, Lonicera × americana TX99-03, Ipomoea
carnea ssp. ﬁstulosa TX99-04, Illicium mexicanum ‘Aztec Fire’ NC99-01, Iris
‘Churchill Downs’ KY99-02, Iris ‘Kentucky Derby’ KY99-02, Hemerocallis
cultivars KY99-03, Bulbine canescens TX00-01, Stachys coccinea AR01-01
and Conradina canescens ‘SPH’ AR01-02. These reports summarize the
growth, ﬂowering and other aesthetic qualities as well as adaptability in the test
locations. For example, during the evaluation of Stachys coccinea AR01-01,
plants in only two of the eight different locations survived. Survival at these two
sites was due to careful siting, especially in winter, in well-drained soils.
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Literature Cited:
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Dunwell, W.C., Fare, D., Arnold, M., Tilt, K., Knox, G., Witte, W., Knight, P.,
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Table 1. Current members of SERA-IEG-27.
State

Current Representatives

Alabama

Dr. Ken Tilt

Arkansas

Dr. Jon Lindstrom
Dr. James Robbins

Florida

Dr. Gary Knox
Dr. Sloan M. Schieber

Georgia

Dr. John Ruter

Kentucky

Dr. Winston Dunwell
Dr. Robert McNiel

Louisiana

Dr. Edward Bush
Dr. Allen Owings

Mississippi

Dr. Patricia Knight

North Carolina

Dr. Tom Ranney

Oklahoma

Dr. Mike Schnelle

South Carolina

Dr. Bill Bauerle

Tennessee

Dr. William E. Klingeman, III
Dr. Stephen Garton

Texas

Dr. Michael Arnold
Dr. Cynthia McKenney

U.S. National Arboretum

Dr. Margaret Pooler
Dr. Donna Fare

Virginia

Dr. Gregory K. Eaton
Laurie J. Fox

Administrative Advisors

Dr. Dewayne Ingram
Dr. Jerzy Nowak
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Table 2. Plants selected for evaluation by SERA-IEG-27. The entry in the
number column includes the state of the sponsor and the year the plant entered
the program.
Year in
Trial

Scientiﬁc Name

Number

Sponsor

Cornus mas ‘Spring Glow’

NC96-01

Tom Ranney

1996

Acer oliverianum ssp. formosanum

GA97-01

John Ruter

1997

Styrax japonicum ‘Emerald Pagoda’

NC98-01

Tom Ranney

1998

Pittosporum heterophyllum

AL98-01

Ken Tilt

1998

Cephalotaxus harringtonia

TN98-01

Will Witte

1998

Conradina canescens

FL98-01

Gary Knox

1998

Lagerstroemia ‘Chickasaw’

DC99-01

Margaret Pooler

1999

Lagerstroemia ‘Pocomoke’

DC99-02

Margaret Pooler

1999

Plumbago auriculata ‘Hullabaloo’

TX99-01

Mike Arnold

1999

Turnera ulmifolia

TX99-02

Mike Arnold

1999

Lonicera ×americana ‘Pam’s Pink’

TX99-03

Mike Arnold

1999

Ipomoea carnea ssp. ﬁstulosa

TX99-04

Mike Arnold

1999

Illicium mexicanum ‘Aztec Fire’

NC99-01

Tom Ranney

1999

Iris ‘Churchill Downs’

KY99-01

Win Dunwell

1999

Iris ‘Kentucky Derby’

KY99-02

Win Dunwell

1999

Hemerocallis cultivars

KY99-03

Win Dunwell

1999

Bulbine caulescens

TX00-01

Mike Arnold

2000

Michelia skinneriana

FL00-01

Gary Knox

2000

Stachys coccinea

AR01-01

Jon Lindstrom

2001

Conradina canescens ‘SPH’

AR01-02

Jon Lindstrom

2001

Magnolia ‘Jon Jon’

FL01-01

Gary Knox

2001

×Sinocalycalycanthus raulstonii
‘Hartlege Wine’

NC02-01

Tom Ranney

2001

Daphniphyllum macropodum

DC02-01

Margaret Pooler

2002

Forsythia ‘Fairy-Land’

TN03-01

Donna Fare

2003

Forsythia ‘Minikin’

TN03-02

Donna Fare

2003

Forsythia ‘Tinkle Bells’

TN03-03

Donna Fare

2003

Forsythia ‘Pygmy-Red’

TN03-04

Donna Fare

2003

Betula nigra ‘Summer Cascade’

NC03-01

Tom Ranney

2003

Amsonia ‘SPH’

AR03-01

Jon Lindstrom

2003

Buddleja 02-25-142

AR04-01

Jon Lindstrom

2004
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Wildﬂowers: Taming the Natives
for Commercial Production
Cynthia McKenney, Sandra Balch and Dick Auld
Texas Tech University, Dept. of Plant and Soil Science, Lubbock, TX 79409
c-mckenney@tamu.edu
Index Words: Wildﬂowers, Native plants, Drought tolerant, Waterconserving landscapes
Signiﬁcance to Industry: In recent years, there has been a growing demand
for native plants for use in traditional, as well as, water conserving landscapes.
Their diversity in color and adaptation to a wide range of environmental
conditions has made these plants sought after for ornamental use. We initiated
this project to identify wildﬂowers demonstrating potential for landscape use
in demanding environments and to evaluate their suitability for commercial
production. Once these plants are identiﬁed and the appropriate production
practices identiﬁed, these new crops will provide an increased plant palette that
may be offered to nursery and landscape professionals.
Nature of Work: Increased demand for greater plant diversity has resulted in
a constant clamor for new plant releases. Native plants from the Great Plains
provide a vast array of diversity unmatched by other ecological regions (Jordan
et al., 1988). Their adaptability and ability to perform under a wide range of
demanding environments has created niche markets for these top performers
(Beran et al., 1999). A few native perennials, such as improved cultivars of the
purple coneﬂower Echinacea purpurea, have entered mainstream perennial plant
production for both cut ﬂower and landscape use (Behe et al., 2003).
In 1996, the “Raider Wildﬂower Collection” program was initiated (McKenney et
al., 2004). This unique program is a joint effort between two institutions, Texas
Tech University and Texas A&M University. Through this effort we identify and
collect selected wildﬂower species that show promise. After collecting and
cleaning the seed, we determine an appropriate propagation scheme and then
trial these plants under ﬁeld conditions. Accessions with outstanding attributes
are collected and selection trials are conducted over several seasons for each
species. The ﬁnal selections from this program are released as a member of the
“Raider Wildﬂower Collection”
The collection area includes the Northern High Plains, Southern High Plains,
Texas Rolling Plains and Edwards Plateau regions of Texas. In the spring and
early summer, plant populations are located and recorded. Voucher specimens
are collected for reference and proper identiﬁcation. A hand-held global
positioning unit is used to record the latitude, longitude and altitude for each
collection site. In late summer and early fall, plant populations are relocated
and ripened seed capsules are collected with care given to prevent damage to
the existing population. Depending on seed type, seeds from each species are
cleaned and stored.
The following spring, seeds are planted in seed ﬂats and germinated under
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standard greenhouse conditions. Seedlings are then transplanted into ﬁeld
plots. Accessions are evaluated at full bloom using selection criteria speciﬁc
for each individual species. The top two to three accessions are carried
forward to the next year and trialed with any accessions that may have been
collected during the subsequent year. After two to three years of trialing, the top
accession from each species is increased and rouged for multiple years until the
line is uniform and stable. During the next two years, each of these enhanced
native selections is formally trialed by comparing them to a similar commercially
available species and performance data is recorded.
‘Plains’ Blackfoot Daisy, Melampodium leucanthum Torr. & Gray, is the ﬁrst
formal release from our program. For the purposes of this paper, we will use it
as an example of how a typical release from this program is conducted. ‘Plains’
was developed through 6 years of recurrent phenotypic selection using compact
growth habit, increased ﬂoral density and increased branching as selection
criteria. Uniform ﬂowering and overall appearance were also evaluated.
Seedlings from 27 accessions were initially screened. The top two lines were
identiﬁed and trialed along with a commercial release in 1998. Based on this
trial, TTU-T19 was superior to all other accessions including the commercial
release. The following two years, TTU-T19 was increased and a recurrent
phenotypic selection procedure used to ensure the uniformity of the line. Once
the line appeared to be stable, it was placed into formal trials at the Texas A&M
Research and Extension Center in Dallas, TX during the 2001 through 2002
growing seasons. ‘Plains’ was then submitted for consideration for plant variety
protection (PVP) status and released to the industry in 2004.
Results and Discussion:
The program described above is a continuing process. Table 1 outlines the
10 species that have been released or are planned for release in the near future.
Two species, Melampodium leucanthum and Glandularia bipinnitiﬁda, have
PVP applications pending. Salvia farinacea and Zinnia grandiﬂora are set for
trademark release in 2005. Oenothera speciosa and O. elata are scheduled for
a PVP application and a trademark release respectively in 2006. There are four
other species listed that are in the trial phase of the program and hopefully will
be released in the future.
It is the goal of this program to develop the ‘Raider Wildﬂower Collection’ so that
there is a complete palette of attractive and durable wildﬂowers available to the
nursery and landscape industry for inclusion in demanding and water conserving
landscapes.
Literature Cited:
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selected herbaceous perennials as indoor ﬂowering potted plants using
perceptual mapping. HortScience 38(3):460-464.
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Table 1. Wildﬂower selections nearing completion and their selection criteria
and status.
Superior
Accession

Selection
Criteria

Melampodium Blackfoot
Daisy
leucanthum

Plains

Floral density,
growth habit,
ﬂower form

PVP pending

Glandularia
bipinnitiﬁda

Prairie
Verbena

Raider Violet

Floral density,
growth habit,
foliage shape

PVP pending

Salvia
farinacea

Mealy Sage

Texas Storm

Floral color,
spike length,
growth habit

Trademark
release ’05

Zinnia
angustifolia

Prairie Zinnia

Raider
Sunrise

Flower color,
ﬂoral density,
growth habit

Trademark
release ‘05

Oenothera
speciosa

Pink Evening
Primrose

Raider Rose

Flower color,
ﬂoral density,
foliage shape

PVP appl.
2006

Oenothera
elata

Trumpet
Evening
Primrose

Matador’s
Gold

Floral density,
growth habit,
ﬂoral color

Trademark
release 2006

Ipomopsis
rubra

Standing
Cypress

Matador Red

Annual habit,
ﬂoral color
and growth
habit

In trial phase

Gaillardia
pulchella

Indian
Blanket

Not yet
determined

Floral color,
growth habit

In trial phase

Berlandiera
lyrata

Chocolate
Daisy

Not yet
determined

Flora density,
growth habit,
foliage shape

In trial phase

Penstemon
cobaea

Cobaea
Penstemon

Not yet
determined

Floral color,
ﬂoral density,
growth habit

In trial phase

Species

Common
Name
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Modiﬁed Diallel Analysis of First Year
Height of Crape Myrtle Hybrids
Cecil Pounders and Chris L. Cheatham
USDA-ARS, Southern Horticultural Lab, P.O. Box 287, Poplarville, MS 39470
cpounders@msa-stoneville.ars.usda.gov
Index words: Lagerstroemia, plant breeding
Signiﬁcance to Industry: Ornamental producers and consumers are interested
in obtaining pest resistant crape myrtle clones that grow quickly to tree form in
a range of ﬂower colors, such as deep reds and purples. Techniques such as
modiﬁed diallel mating designs assist in selection of parents for hybridization
that produce progeny with the desired early height growth rates. Information
on parental combining ability for growth rate can be combined with other
studies on the inheritance of ﬂower color and pest resistance to target parental
combinations that have the highest potential to produce clones with a selected
set of traits.
Nature of Work: Red (deep pink) has traditionally been the preferred color of
crape myrtle by consumers, accounting for 60 to 70% of sales into the 1980s,
with white cultivars accounting for less than 10%, according to Dave Byers,
Byers Nursery, Huntsville, AL. Currently ‘Natchez’, a white clone, has become
America’s most planted crape myrtle primarily because of its rapid development
into a small tree and exceptional resistance to pests such as powdery mildew
(2, 7). Many crape myrtle producers feel that development of new clones
having both the rich dark red or purple ﬂower color found in some of the newer
selections of L. indica and the growth rate and disease tolerance of ‘Natchez’
would increase crape myrtle sales.
Commercial cultivars are very heterogeneous genetically so their value as
parents is unknown until test crosses are made. Preliminary crosses between
‘Natchez’ and red and purple cultivars produced seedlings that were slow to
produce initial ﬂowering (long juvenility). When plants ﬂowered, colors included
only shades of lavender, light pink and white. This indicated that a better
strategy to produce fast growing deep colored selections should be evaluated.
The best path may be to select other USDA inter-speciﬁc clones with proven
powdery mildew resistance and pink ﬂowers to cross with L. indica clones
with larger ﬂowers in shades of red or purple and moderate powdery mildew
resistance. Controlled pollinations were made in 2002 between the powdery
mildew resistant USDA releases ‘Arapaho’, ‘Osage’, ‘Tonto’, ‘Tuscarora’ and
‘Tuskegee’(3, 4, 5, 6) and the colorful purple or red clones ‘Catawba’, ‘Velma’s
Royal Delight’, ‘ Whit II’ and ‘Whit IV’ as designated in Table 1. Unselected
seedlings from each cross (family) were grown as quart liners during 2003, and
then planted in the ﬁeld while dormant. A factorial experimental design with
randomized complete block arrangement was used for the study (5 resistant
clones X 4 colorful clones X 15 seedlings per cross X 6 blocks). Height readings
reported in this study were recorded on 1 year dormant plants. Each of
20 possible crosses constitutes a family. Heritabilities were calculated using
572
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procedures outlined by Comstock and Robbins for mating Design II (1). Family
and parental means were tested for signiﬁcant differences (p=0.05) using
Duncan’s Multiple Range Test.
Results and Discussion: First year height was determined to be a highly
heritabile trait when calculated for either individuals (hI 2 = 0.78) or families
(hF2 = 0.64). Fast progress is expected in selecting clones for rapid early height
growth either on an individual or family basis when crossing disease resistant
parents with more colorful crape myrtle germplasm such as the clones used in
this study. Measurements of height growth in future years will determine if ﬁrst
year readings are an accurate predictor of subsequent growth.
‘Osage’ and ‘Arapaho’ were the disease resistant parents that produced the
greatest ﬁrst year average height growth when crossed to the colorful parents
of this study (Table 2). ‘Catawba’ and ‘Whit IV’ were the colorful parents which
produced seedlings with the greatest height growth when crossed to the disease
resistant parents (Table 2). The families with greatest average ﬁrst year height
growth were ‘Osage’ crossed to ‘Catawba’, ‘Osage’ crossed to ‘Whit IV’ and
‘Osage’ crossed to ‘Whit II’. If current trends for height growth continue, effort in
breeding fast developing colorful crape myrtle clones with the potential to have
high levels of powdery mildew resistance should include ‘Osage’ and ‘Arapaho’
as disease resistant parents and ‘Catawba’ and ‘Whit IV’ as parents to improve
horticultural traits such as ﬂower color.
Literature Cited:
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Table 1. Family height means (cm) for crosses between powdery mildew
resistant parents and colorful parents.
Disease Resistant Parents
Colorful Parents

Osage

Arapaho

Tuscarora

Tonto

Tuskegee

Catawba

91.9 a

80.6 b

78.7 bc

68.3 de

-

Whit IV

92.6 a

80.0 bc

-

76.3 c

62.4 f

Velma’s Royal
Delight

66.4 e

82.1 b

71.0 d

57.7g

-

Whit II

89.3 a

53.7 h

47.8 i

38.9 j

47.3 i

z

Means followed by the same letter are not signiﬁcantly different at P=0.05 as determined by Duncan’s
Multiple Range Test

z

Table 2. Parental height means (cm) of disease resistant parents when
crossed to colorful parents and for colorful parents when crossed to disease
resistant parents.
Disease Resistant Parents

Colorful Parents

Osage

85.0 az

Catawba

79.7 a

Arapaho

74.1 b

Whit IV

78.5 a

Tuscorora

65.8 c

Velma’s Royal Delight

69.4 b

Tonto

61.2 d

Whit II

56.0 c

Tuskegee

54.1 e

Means within columns followed by the same letter are not signiﬁcantly different at P=0.05 as
determined by Duncan’s Multiple Range Test

z
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Reproductive Pathways Among
Flowering Crabapples
Thomas G. Ranney, Thomas A. Eaker,
Nathan P. Lynch, and Richard T. Olsen
North Carolina State University, Mountain Horticultural Crops Research and
Extension Center, 455 Research Drive, Fletcher, NC 28732-9244
tom_ranney@ncsu.edu
Index Words: Malus spp. Mill., Apomixis, Flow Cytometry, Parthenogenesis,
Plant Breeding, Polyploidy, Pseudogamy
Signiﬁcance to Industry: Information on reproductive pathways (e.g.,
occurrence of aneuploidy, apomixis, pseudogamy, unreduced gametes, etc.)
and differing ploidy levels of cultivars is extremely valuable for use in plant
breeding programs. Fertility, crossability, heritability, and expression of traits
can be inﬂuenced by these factors. This research provides information on
ploidy levels and reproductive pathways for a diverse collection of ﬂowering
crabapples (Malus spp.Mill.) and will allow for more systematic and efﬁcient
progress in the development of new improved varieties.
Nature of Work: Flow cytometry provides a rapid method for determining plant
ploidy (number of complete sets of chromosomes) levels (1) and reproductive
pathways (4) by discriminating between variations of apomictic, pseudogamus,
and sexual seed formation. The ploidy level and related DNA content (C value)
of embryo and endosperm tissue will depend on whether the embryo sac was
reduced or unreduced, whether the egg and/or central cells were fertilized,
whether the male gametes were reduced or unreduced, and ploidy levels of the
respective parents. Sexual fertilization between diploid parents typically results
in a diploid embryo and triploid endosperm. However, variation in embryo and
endosperm ploidy can result from a combination of factors. These reproductive
pathways can be reconstructed by considering the genome sizes (C values) of
the embryo and endosperm with knowledge of the ploidy level of the maternal
parent. The objective of this study was to survey and document variations in
reproductive pathways among a diverse collection of ﬂowering crabapples that
vary in ploidy level.
Materials and Methods: Seed were collected in June and July, 2004 from
ﬂowering crabapples growing in an established ﬁeld plot arranged as a
randomized incomplete (due to loss of some trees) block experimental design
with up to three replications. Three seeds (subsamples) were randomly
sampled from each tree. Samples and standard tissues were chopped with a
razor blade in a Petri dish containing 0.5 mL of extraction buffer (CyStain UV
Precise P Nuclei Extraction Buffer, Partec, Münster, Germany). The suspension
was ﬁltered through a 50 µM ﬁlter and nuclei were stained with 1.5 mL 4’,6diamindino-2-phenylindole (DAPI) buffer (CyStain UV Precise P Staining Buffer,
Partec). The suspension was analyzed using a ﬂow cytometer (PARTEC PA-I,
Partec) to determine the mean sample nuclei ﬂuorescence relative to that of the
internal standard. Approximately 5,000 nuclei were measured per sample. DNA
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content of samples was calculated as: mean ﬂuorescence value of sample x
nuclear DNA content of standard/mean ﬂuorescence value of standard. Pisum
sativum L. ‘Ctirad’, with a 2C DNA content of 9.09 pg, was used as the internal
standard (2). Sample C values were determined by dividing sample DNA
content by the DNA content (1C) of the maternal parent. Maternal genome size
and estimated ploidy level values were reported previously (3).
Results and Discussion: Open pollinated seeds demonstrated a variety of
reproductive pathways including sexual and asexual modes (Tables 1 and 2).
Seeds from diploid maternal parents demonstrated sexual fertilization from
reduced (1C) male and female gametes, apomixis, and fertilization of reduced
embryo sacs by 2C pollen (either unreduced pollen from diploids or reduced
pollen from tetraploids). Seeds from triploid maternal parents demonstrated at
least eight different pathway variations. Many of the seeds from triploid females
appeared to result from fertilization of a reduced, ≈1.5C, aneuploid embryo sac
by either 1C or ≈1.5C (aneuploid) male games. Due to variable chromosome
numbers of aneuploids, these two pathways were often difﬁcult to differentiate.
Aneuploid seeds and seedlings from these pathways may have reduced viability.
Other pathways observed from triploid females included apomixis, pseudogamy
with unreduced embryos and fertilization of the endosperm with gametes of
varying C values, and fertilization of unreduced embryo sacs with 1C male
gametes. Tetraploid maternal parents demonstrated parthenogenesis of
reduced embryo sacs, fertilization of reduced embryo sacs with male gametes
with various C values (including apparent aneuploids), and apomixis from
unreduced embryo sacs. In a number of cases, three or more substantial peaks
were observed on the cytometry histograms, from diploid and triploid maternal
parents, which may represent endopolyploidization or polyembryony.
This research provides information on ploidy levels and reproductive pathways
of ﬂowering crabapples and will allow for more systematic and efﬁcient progress
in the development of improved ﬂowering crabapples.
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Table 1. Probable reproductive pathways from open pollinated seeds of
Malus spp.
Pathway Embryo Endosperm Probable Reproductive Pathway
#
C Value
C Value
Diploid Maternal Parents
1

2C

3C

reduced embryo sac, fertilized by 1C
gamete

2

3C

4C

reduced embryo sac, fertilized by 2C
gamete

3

2C

4C

unreduced embryo sac, apomixis
Triploid Maternal Parents

4

≈ 2.5C

≈ 4C

reduced embryo sac (aneuploid), fert. from
1C gametes

5

≈3C

≈4.5C

reduced embryo sac (aneuploid), fert. from
≈1.5C (aneuploid) gametesor unreduced
embryo sac, fert. of endosperm with ≈1.5C
(aneuploid) gametes

6

3C

6C

unreduced embryo sac, apomixis

7

3C

7C

unreduced embryo sac, fert. of endosperm
with 1C gametes, pseudogamy

8

3C

8C

unreduced embryo sac, fert. of endosperm
with 2C gametes, pseudogamy

9

3C

9C

unreduced embryo sac, fert. of endosperm
with 3C gametes, pseudogamy

10

3C

10C

unreduced embryo sac, fert. of endosperm
with 4C gametes, pseudogamy

11

4C

7C

unreduced embryo sac, fert. from 1C
gametes

12

2C

4C

reduced embryo sac, apomixis

13

3C

5C

reduced embryo sac, fertilization from 1C
gametes

14

≈3.5C

≈5.5C

15

4C

6C

reduced embryo sac, fertilization from 2C
gametes

16

4C

8C

unreduced embryo sac, apomixis

Tetraploid Maternal Parents

reduced embryo sac, fertilization from
≈1.5C (aneuploid) gametes
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Table 2. Approximate genome size, estimated ploidy level, and sampling of
reproductive pathways found for select Malus taxa.
Approximate Estimated
2C genome ploidy level
size (pg)

Taxa

Apparent
reproductive
pathway(s)

tschonoskii (1998-242) Z

1.52Y

2X

1X

‘Lanzam’ (Lancelot )

1.61

2X

1

‘Red Splendor’

1.67

2X

1
1

®

‘Molten Lava’

1.67

2X

‘Sutyzam’ (Sugar Tyme™)

1.67

2X

1

‘Silver Drift’

1.68

2X

1,3

‘Indian Summer’

1.68

2X

1

‘Snow Drift’

1.68

2X

1

‘JFS-KW5’ (Royal Raindrops™)

1.68

2X

1

‘Robinson’

1.69

2X

1

‘Sinai Fire’

1.69

2X

1

‘Centzam’ (Centurion )

1.70

2X

1,2,3

‘Donald Wyman’

1.70

2X

1,3

‘Prairiﬁre’

1.70

2X

1

‘Schmidtcutleaf’ (Golden
Raindrops™)

1.70

2X

1W

sieboldii ‘Calocarpa’ (1998-238)

1.71

2X

1

‘Canary’

1.71

2X

1

‘Adams’

1.72

2X

1W

®

‘Professor Sprenger’

1.72

2X

1

‘Morning Sun’

1.72

2X

1

‘Pink Satin’

1.72

2X

1,3

‘Hargozam’ (Harvest gold™)

1.72

2X

1,3

ﬂoribunda (1998-199)

1.72

2X

1,3

‘Glen Mills’

1.73

2X

1

‘White Angel’

1.73

2X

1,2,3

‘Sentinel’

1.73

2X

1,3

baccata ‘Jackii’ (1998-218)

1.73

2X

1,3

‘Luwick’

1.74

2X

1

‘Callaway’

1.74

2X

1

‘Mazam’ (Madonna™)

1.74

2X

1

‘Dolgo’

1.74

2X

1,3W

‘Baskatong’

1.74

2X

1,3W
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Taxa

Approximate Estimated
2C genome ploidy level
size (pg)

Apparent
reproductive
pathway(s)

‘Liset’

1.74

2X

1

‘Narragansett’

1.75

2X

1

‘Louisa’

1.75

2X

1,3

‘David’

1.75

2X

1

‘Purple Prince’

1.75

2X

1,3
1

‘Jewelberry’

1.76

2X

‘Cinzam’ (Cinderella®)

1.76

2X

1

‘Radiant’

1.77

2X

1,3

‘White Cascade’

1.78

2X

1

‘Doubloons’

1.78

2X

1

‘Ormiston Roy’

1.82

2X

1

‘Pink Princess’

2.40

3X

(4 and/or
5),7,8,11

‘Adirondack’

2.48

3X

(4 and/or 5)W

‘Silver Moon’

2.51

3X

(4 and/or
5),6,9,10W

‘Guinzam’ (Guinevere®)

2.52

3X

(4 and/or 5),9

‘Candy Mint’

2.53

3X

(4 and/or 5)

‘Camzam’(Camelot®)

2.54

3X

(4 and/or 5)

‘Prairie Maid’

2.57

3X

(4 and/or 5),
11W

‘Kinarzam’ (King Arthur™)

2.59

3X

(4 and/or
5),7,9

hupehensis (1998-205)

2.61

3X

6,9

‘Cardinal’

2.62

3X

(4 and/or 5) W

sargentii (1998-243)

3.36

4X

13,14,15,16

‘Mary Potter’

3.37

4X

13,15,16

‘Strawberry Parfait’

3.46

4X

12,16

‘Branzam’ (Brandywine™)

3.74

4X

15

LSD 0.05

0.10

Numbers in parentheses are accession numbers.

Z

Values are means, n=3.

Y

Refer to Table 1 for pathway descriptions.

X

Observed some histograms with multiple peaks (e.g., 2C,3C,4C), possibly representing
endopolyploidization or polyembryony.

W
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Floral Characteristics of a Hydrangea
macrophylla × H. paniculata Hybrid
Sandra M. Reed
U.S. National Arboretum, ARS, USDA, Tennessee State University
Nursery Research Center, McMinnville, TN 37110
sreed@blomand.net
Index Words: interspeciﬁc hybridization, Hydrangea, petaloidy
Signiﬁcance to Industry: The genus Hydrangea contains several species that
are widely cultivated as ornamentals. While interspeciﬁc hybridization provides
an opportunity to develop new forms of Hydrangea with unique combinations
of superior traits, it has proven very difﬁcult to recover wide hybrids between
H. macrophylla and other members of the genus. While a H. macrophylla ×
H. paniculata hybrid has been obtained using embryo rescue, sterility of the
hybrid precludes its use in a breeding program. Alternative sources of ﬂower
color are being investigated for use in a breeding program to develop cold hardy
hydrangeas with colored ﬂowers.
Nature of Work: Several years ago, we initiated a project to combine ﬂower
color and cold hardiness in Hydrangea through interspeciﬁc hybridization.
Reciprocal crosses were made between H. macrophylla, which served as the
source of ﬂower color, and H. paniculata, H. quercifolia and H. arborescens (3).
A few viable seeds were obtained when H. macrophylla was used as the
maternal parent, but all seedlings died before the ﬁrst set of true leaves had
fully expanded. An embryo rescue procedure was developed and utilized
with the H. macrophylla × H. paniculata hybrid (4). Hybrids were veriﬁed using
molecular and morphological comparisons (5). While most hybrids were small
and very abnormal, one hybrid (99-209B) was much more vigorous and normal
in appearance. This hybrid is one of only three H. macrophylla × H. paniculata
hybrids that are still living and is the only hybrid to have ﬂowered. This report
describes the inﬂorescence and ﬂowers of this hybrid, along with attempts to
utilize it in backcrosses to parental species.
Results and Discussion: Hybrid 99-209B (H. macrophylla ‘Kardinal’ ×
H. paniculata ‘Brussels Lace’) was obtained from in ovolo embryo cultures that
were established in 1999. The hybrid was propagated from softwood cuttings
using a quick dip in 1000 ppm IBA. Flowering was ﬁrst noted in 2003, with
approximately 50 greenhouse-grown rooted cuttings of 99-209B producing
ﬂowers that year.
The inﬂorescence of 99-209B is a corymb consisting of a combination of large,
showy and small, inconspicuous ﬂowers (Fig. 1). Diameter of the inﬂorescence
is approximately 15 cm. Inﬂorescences are slightly wider than tall. On
most inﬂorescences, the showy ﬂowers completely cover the surface of the
inﬂorescence while the inconspicuous ﬂowers are located on the interior. This
produces an appearance similar to that of the mophead-type H. macrophylla
inﬂorescence. Bracts are creamy-white in color, aging to pale green.
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The small, inconspicuous ﬂowers of Hydrangea inﬂorescences are often referred
to as fertile ﬂowers and are normally the seed-producing structures. In the
case of hybrid 99-209B, the anthers of these ﬂowers are present as petaloid
structures. Because no anther tissue is available, it is not possible to assess
fertility of the hybrid through pollen staining or to observe chromosome pairing
in pollen mother cells.
An effort to produce a backcross generation was made using the hybrid as the
maternal parent. Hybrid 99-209B was backcrossed to several cultivars of both
parental species, using the hybrid as the maternal parent (Table 1). All crosses
aborted within 2 weeks of pollination.
While some interspeciﬁc hybrids have commercial value, it is often necessary to
produce advanced generations to obtain plants having the desired combination
of parental traits. Unless it is possible to restore fertility to the H. macrophylla ×
H. paniculata hybrid by doubling the chromosome number, this hybrid will have
no value in a breeding program. Because attempts to hybridize H. macrophylla
with H. arborescens and H. quercifolia have also encountered difﬁculties (1,
2), we are currently investigating the use of alternative sources of ﬂower color
(H. involucrata, H. aspera) for interspeciﬁc hybridization efforts in this genus.
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Table 1. Results of backcross of H. macrophylla ‘Kardinal’ × H. paniculata
‘Brussels Lace’.
No. Flowers
Pollinated

No. Fruit
Produced

40

0

Nikko Blue

168

0

All Summer Beauty

145

0

Unnamed selection

414

0

Endless Summer™ (Bailmer)

446

0

Kardinal

651

0

Pink Diamond

204

0

Burgundy Lace

246

0

Pollinator
H. macrophylla General Vicomtesse de Vibraye

H. paniculata

Fig. 1. Inﬂorescence of H. macrophylla ‘Kardinal’ × H. paniculata ‘Brussels
Lace’ (hybrid 99-209B)
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Mahonia: Past, Present, & Future
Jon L. Roethling, F. Todd Lasseigne and Jeffery R. Jones
JC Raulston Arboretum, North Carolina State University Department of
Horticultural Science, Box 7522, Raleigh, NC 27696-7522
Index Words: Grape Holly, Mahonia, Hybridization, Plant Evaluation
Signiﬁcance to Industry: Further selection of Mahonia hybrids as well as
improved clonal selection of species remains limitless due in no small part to
the lack of exploitation of the large number of species as well as limited genetic
diversity in those species which are in cultivation. This project represents the
ﬁrst step in an ongoing project at the JCRA to further develop winter ﬂowering,
fragrant, broadleaf evergreen shrubs.
Nature of Work: Worldwide there are about 70 species of Mahonia Nutt. (grape
holly) in the Berberidaceae (barberry family), ranging in size from small suckering
shrubs to tall, almost tree-like plants (1, 3, 4). All mahonias are broadleaf
evergreens with foliage ranging from ﬁne-textured to bold and coarse-textured,
and with leaﬂets ranging from soft, entire-margined to hard, spinose-toothed
in texture. Flower color is predominately yellow to chartreuse, while some
species instead produce white, orange, or pink ﬂowers. Fragrance ranges from
insigniﬁcant to fetid to sweet. Despite the large number of species in nature,
only a small number predominate in cultivation.
The most widely grown species in the southeastern U.S. is Mahonia bealei
(leatherleaf mahonia), produced almost exclusively from seed (2, 5). Second in
commercial importance, M. fortunei (Chinese mahonia) is restricted in landscape
use to USDA cold hardiness zones 8 and warmer. In Zone 7 there is often
winter damage on plants of M. fortunei unless they are situated in a protected
site. Ranking a distant third are the M. ×media cultivars, hybrids between
M. lomariifolia (Burmese mahonia) and M. japonica (Japanese mahonia).
Cultivated Mahonia species can be grouped into 3 categories based on
geographic origin. Species native to the U.S. Paciﬁc Northwest, e.g.,
M. aquifolium and M. repens, can have suckering growth habits and can
display great fall color, but often grow poorly in the clayey, poorly drained soils
of the southeast. The Asian species, e.g., M. gracilipes and M. lomariifolia,
possess the widest breadth of morphological diversity – ﬂoral colors ranging
from oranges, pinks, and purple; fragrance found in many species; and a
wide range of foliage colors. Finally, the Mexican species, e.g., M. gracilis
and M. lanceolata, bring in off-white ﬂower color, branched paniculate
inﬂorescences, and more user-friendly foliage, but less cold hardiness.
The Mahonia collection at the JC Raulston Arboretum (JCRA) numbers greater
than 45 taxa and represents by far the largest assemblage of this genus in the
United States. The diversity present within this collection illustrates the need for
further selection and evaluation of this wide-ranging genus. See Table 1 for a
summary of selected Mahonia taxa with economic potential for the southeastern
U.S. nursery industry.
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Results and Discussion: At the JCRA circa 87 seed-grown plants of
M. lomariifolia and 144 M. ×media clones are currently established and under
evaluation. These plants represent progeny of seed obtained circa 1995 from
Peckerwood Gardens (Hempstead, TX) and planted out in Raleigh in December,
1996. The intention of the late J. C. Raulston was to evaluate these seedlings for
improved ornamental characteristics versus those of the M. ×media cultivars.
Selection of superior clones of M. lomariifolia with regards to cold hardiness,
habit, and overall landscape appeal is also desired.
The M. ×media derived clones, currently listed in the JCRA plant accessions
database as “Mahonia (Yucca Do Hybrids),” and the M. lomariifolia clones
are under evaluation for plant habit, size, and vigor; foliage color and density;
and ﬂower bud cold hardiness, color, bloom time, duration of bloom, overall
presentation, and fragrance. Already, several clones show merit after initial
evaluations. Two clones show foliage color unlike any other mahonia in the
JCRA collection, exhibiting strong blue coloration on one and red to purple fall
and winter color on the other. Several of the mahonias exhibit compact growth
both in height and plant density.
In addition to the previous 230 above-described mahonias under evaluation,
all other non-replicated taxa currently grown at the JCRA, 25 in total, are being
included in these comparative evaluations. Most notable among these 25 taxa
are the well-known M. ×media cultivars ‘Arthur Menzies’1, ‘Buckland’, ‘Charity’,
‘Hope’, ‘Lionel Fortescue’, ‘Underway’, and ‘Winter Sun’, all of which except
‘Arthur Menzies’ were introduced into U.S. cultivation at the JCRA circa 15
years ago by Tom Krenitsky (Chapel Hill, NC) and then introduced to the nursery
trade by J. C. Raulston. These cultivars have already shown themselves to
be superior landscape plants versus M. bealei which is commonplace in the
nursery trade.
‘Arthur Menzies’ is considered a M. ×media cultivar only if M. bealei is ranked at the taxonomic level of
a group, e.g. M. japonica [Bealei Group]

1
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Table1. Comparisons of Mahonia taxa commercially available or showing
promise for the southeastern U.S.

Species

Bloom Time
(Raleigh, NC) Hardiness Comments

Mahonia bealei
(Fortune) Carrière

Dec. – Mar.

7-9

Standard bearer of the
nursery trade

Mahonia japonica
(Thunb.) DC

Feb. – Mar.

6-8

Better foliage & ﬂowers
than M. bealei

Mahonia lomariifolia
Takeda

Nov. – Jan.

7-9

Darker ﬂower color (golden
yellow)

Mahonia ×media
Brickell

Nov. – Feb.

6-9

Mahonia fortunei
(Lindl.) Fedde

Sept.

8-9

Darkest green foliage of all;
low growing

Mahonia confusa
Sprague

Oct. – Nov.

7-9

Earliest in bloom of the fall
ﬂowering species

Mahonia ×lindsayae
P.F. Yeo

Dec. – Feb.

7-9

Largest ﬂowers &
extremely fragrant

Mar. – April

7-9

Spring ﬂowering &
spineless; very fragrant;
red peduncles are showy,
too; pinkish new growth

Mahonia gracilipes
(Oliv.) Fedde

Sept. – Oct.

7-9

Pink, orange, & purple
tones to ﬂowers; silver
undersides to leaves

Mahonia lanceolata
(Benth.) Fedde

N/A

7-9

Off-white ﬂowers on
elongated, branched
panicles

Mahonia gracilis
(Benth.) Fedde
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Field Performance of Photinia
Taxa in South Georgia
John M. Ruter
University of Georgia, Dept. of Horticulture, Tifton, GA 31793-0748
ruter@tifton.uga.edu
Index Words: Entomosporium leaf spot, Erwinia ﬁre blight, Photinia,
Stranvaevsia
Signiﬁcance to Industry: Photinia × fraseri ‘Red Robin’ was resistant to
entomosporium leaf spot under ﬁeld conditions with drip irrigation, though
this resistance breaks down under nursery conditions with overhead
irrigation. Photinia serratifolia ‘Green Giant’ also showed good resistance
to entomosporium and has an attractive, upright growth habit. All plants
sometimes classiﬁed in the genus Stranvaesia were susceptible to
entomosporium and ﬁre blight in our trials. Seedlings from crosses of P. ×
fraseri ‘Red Robin’ and P. serratifolia ‘Green Giant’ did not show resistance to
entomosporium leaf spot when grown in containers under overhead irrigation.
Nature of Work: Numerous taxa in the genus Photinia exist which have not
been evaluated in the southeastern United States. The recent Flora of China
separates the genus Photina from Stranvaesia (6). Photinia is described as
having serrate leaves which are rarely entire, while Stranvaesia has leaves that
are entire or minutely serrate. Differences in the ovary and the dehiscent nature
of the fruit are also noted. I have followed Grifﬁths Index of Garden Plants
and utilize the genus Photinia for all taxa (4). While P. × fraseri ‘Birmingham’
was a very popular landscape plant for many years, entomosporium leaf spot
(Entomosporium mespili (DC.) Sacc.) ravaged the plant in the 1980’s and 90’s
to the point that many growers have dropped it from production. Fire blight
(Erwinia amylovora) can also be a problem on certain Photinia taxa in the
landscape (personal observation).
A study was initiated in the early 1990’s to evaluate the growth and disease
susceptibility of several taxa of Photinia. Plants were established at the Coastal
Plain Station (USDA 8a) in Tifton, Georgia on a Tifton loamy sand. Single plant
replicates were placed on 2.3 meter centers within the rows and 3.8 meters
between the rows. Plants were fertilized in April of each year using IMC 16-4-8
+ minors at the rate of 56 kg N/hectare (50 lbs N/acre). Plants were watered
(pH 7.2-7.5) as needed using drip irrigation. All rows were initially mulched to
a depth of 5 cm with composted pecan shells. Weeds were controlled using
directed sprays of RoundUp (glyphosate) herbicide as needed and preemergent
applications of Gallery (isoxaben) and Factor (prodiamine) in February and
Gallery and Surﬂan (oryzalin) in September of each year, all at label rates. Grass
alleys between the rows were mowed every two weeks during the growing
season and as needed during the winter months.
Entomosporium and ﬁreblight ratings were made annually in May. Plants were
visually evaluated for entomosporium on a scale of 1 to 5 where 1 = no disease,
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2 = 1% to 25% of the leaves diseased or defoliated, 3 = 26% to 50%, 4 = 51%
to 75%, and 5 = >76%. Disease ratings for entomosporium leaf spot were
pooled across years and given a rating of good resistance (<3), fair (>3 but <4),
and poor (>4). Fire blight ratings were considered good if there was no
evidence of ﬁre blight, fair if there were occasional branches infected, and poor
if numerous branches were infected with ﬁre blight. Survival, growth, and other
cultural problems were noted as needed. Plants were removed from the trials as
needed due to excessive disease development.
Results and Discussion: P. beauverdiana - a rather non-descript shrub that
grew 11.6 feet in four years. Resistance to entomosporium was fair and no ﬁre
blight was noted.
P. davidiana - represented by the species and var. undulata. These plants have
been classiﬁed in the genus Stranvaesia. Both plants were very susceptible to
entomosporium and were killed by ﬁre blight. In general, growth in width was
double that of height.
P. davidsonae - reported by E.H. Wilson (5) to be superior to either P. glabra
or P. serratifolia and a “great favorite among the Chinese”. The plant was
very vigorous, growing to a height of 22.2 feet in six years. Resistance to
entomosporium was poor while ﬁre blight severely damaged plants on an annual
basis. Researchers in North Carolina, using container-grown plants, noted that
P. davidsonae developed little to no entomosporium leaf spot (1). Container
grown plants in Tifton were noted to have poor resistance to entomosporium
leaf spot. The plants have attractive clusters of white ﬂowers in the spring
followed by reddish-black fruit, but also produce two to three inch spurs which
make the plant impenetrable and difﬁcult to prune.
P. × fraseri - three clones were evaluated, ‘Birmingham’, a selection from
Kentucky, and ‘Red Robin’. All plants were similar in height (13 ft.) after four
years of growth. The selections ‘Birmingham’ and the clone from Kentucky
showed no resistance to entomosporium leaf spot and in most years dropped
>90% of the foliage from the plants. However, ‘Red Robin’ showed good
resistance to leaf spot under ﬁeld conditions. Dirr (2) noted that ‘Red Robin’
was devastated by disease and the Kentucky clone was more resistance to
entomosporium leaf spot in laboratory and ﬁeld trials. Reciprocal crosses were
made between ‘Red Robin’ and P. serratifolia ‘Green Giant’. Seedlings from all
crosses grew but demonstrated no resistance to entomosporium leaf spot when
grown in containers under overhead irrigation.
P. lasiogyna - an evergreen species which grew to a height of 15.5 feet in six
years. Resistance to entomosporium was fair and no ﬁre blight was noted. No
distinct ornamental characteristics.
P. niitakayamensis - listed in the Flora of Taiwan (3) as P. niitakayamensis but in
the Flora of China as a synonym for Stranvaesia davidiana var. davidiana (6).
Described as an evergreen tree growing in the central mountains of Taiwan at
elevations of 2000 to 2500 meters. Seed received from Taiwan was very dense
and compact growing, reaching a height of less than three feet in four years.
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Plants were grown for two years in containers under overhead watering and
showed no entomosporium leaf spot. However, when planted in the ﬁeld, leaf
spot resistance was poor and infection with ﬁre blight occurred.
P. parvifolia - a small deciduous shrub which produced orange fruit and
attractive white ﬂowers. The plant died after two years in the ﬁeld and had poor
resistance to entomosporium leaf spot.
P. serratifolia ‘Green Giant’ - very attractive upright, evergreen tree to large
shrub. Grew to a height of almost 15 feet in eight years. Resistance to
entomosporium is good and no ﬁre blight has been noted.
P. villosa ‘Village Shade’ - a selection from the Raulston Arboretum, this plant
reached a height of 8.7 feet in six years. Resistance to entomosporium was
good, however the plant was very prone to iron chlorosis caused by alkaline
irrigation water distributed over a limited area using drip irrigation. The pH of the
soil away from the drip emitters was 4.6 to 4.8, but was 7.2 directly under the
drip emitter. Flowering was sporadic and there was little production of fruit.
P. ‘Redstart’ - a cross between P. davidiana ‘Fructuluteo’ and P. × fraseri
‘Robusta’. The foliage looks more like the P. davidiana parent. New growth is
reddish fading to a medium green. After nine years the plant was 15.0 feet tall
and made an attractive small tree when limbed up. Flowering occurs in April,
limited production of fruit occurs. Resistance to entomosporium is fair and
every spring a few shoot tips show signs of ﬁre blight, though never severe.
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Landscape Evaluation of Lilacs for South Georgia
John M. Ruter
University of Georgia, Dept. of Horticulture, Tifton, GA 31793-0748
ruter@tifton.uga.edu
Index Words: Cercospora leaf spot, Flowering, Lilac, Syringa
Signiﬁcance to Industry: Syringa laciniata, S. patula ‘Miss Kim’, and selection
NA 62974 have grown and ﬂowered well in South Georgia. Other lilacs for
consideration include ‘Angel White’, ‘Lavendar Lady’, ‘Pocohontas’, S. oblata
var. dilatata, and S. yunnanensis. Powdery mildew was not a problem, though
late-season Cercospora leaf blight can cause 100% defoliation if not controlled.
Nature of Work: As a general observation lilacs are not found in Coastal Plain
landscapes. Lack of chilling and prolonged summers are often given as reasons
for poor performance. Wigginton (1) noted that Syringa laciniata was the only
lilac recommended for the Coastal Plain. The Descano hybrids were developed
in Southern California as heat tolerant, low chill varieties. No reports could
be found regarding the evaluation of lilacs in the Coastal Plain region of the
Southeastern United States.
A study was initiated in 1996 to evaluate the growth and disease susceptibility of
several species and cultivars of Syringa. Plants were established at the Coastal
Plain Station (USDA 8a) in Tifton, Georgia on a Tifton loamy sand. Single plant
replicates were placed on 2.3 meter centers within the rows and 3.8 meters
between the rows. Plants were fertilized in April of each year using IMC 16-4-8
+ minors at the rate of 56 kg N/hectare (50 lbs N/acre). Plants were watered
(pH 7.2-7.5) as needed using drip irrigation. All rows were initially mulched to
a depth of 5 cm with composted pecan shells. Weeds were controlled using
directed sprays of RoundUp (glyphosate) herbicide as needed and preemergent
applications of Gallery (isoxaben) and Factor (prodiamine) in February and
Gallery and Surﬂan (oryzalin) in September of each year, all at label rates. Grass
alleys between the rows were mowed every two weeks during the growing
season and as needed during the winter months.
Survival, ﬂowering, growth, and other cultural problems were noted as needed.
The evaluation was terminated after ﬁve years. All plants were acquired from
commercial nurseries except for S. komarowii, S. tomentella, S. wolﬁi, and S.
yunnanensis which were grown from seed.
Results and Discussion: Survival, growth, and ﬂowering data are shown in
Table 1. My favorites from the trial were NA 62974, S. laciniata, and S. patula
‘Miss Kim’. Syringa NA 62974 has not been released by the National Arboretum,
but is very showy in ﬂower and is one of the few plants in the trial not
devastated by late-season Cercospora leaf blight. The plant is rather coarse in
appearance. The selection NA 62975 is similar in appearance, but not as showy
in bloom. Selection NA 62973 has been released as ‘Betsy Ross’. I have tried
the plant twice and it does not survive well in South Georgia.
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Of plants in the Descanso series, only ‘Angel White’ and ‘Lavendar Lady’
survived for ﬁve years. While these plants have produced ﬂowers every year,
showiness of ﬂowers can only be rated as fair. The selections ‘California Rose’
and ‘Dark Knight’ both died during their ﬁrst season in the ground.
Syringa ‘Pocohontas’ performed exceptionally well for four years then died
during the ﬁfth growing season. S. komorowii is one of the latest blooming
plants, typically in bloom around the ﬁrst of May. S. laciniata performs well
and blooms around the ﬁrst of April. However, the plant does not have the
large, showy ﬂower spikes typical of other species and selections. S. meyeri
is typically in bloom around the second week of April but does not put on a
good show of ﬂowers every year. The earliest lilac to ﬂower (mid-March) is
S. oblata var. dilatata. While individual ﬂower spikes are attractive, the overall
show on this plant is only fair. Like S. komorowii, S. tomentella is one of the
last lilacs to bloom. Quality and number of blooms on S. tomentella was poor.
S. wolﬁi performance and ﬂowering has been fair, full bloom typically occurring
about the third week of April. Growth and ﬂowering (late April - early May) of
S. yunnanensis was good.
Powdery mildew, a common problem on lilacs, was not noted on any taxa
during the trial period. Cercospora leaf spot can be severe, causing 100%
defoliation of certain plant in August if not controlled. Cercospora has been
prevalent during both dry and wet summers. Cercospora is not listed as a
disease problem on lilacs (2, 3).
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Table 1. Five year (1996-2001) ﬂowering lilac (Syringa) evaluation in Tifton, GA
(USDA 8A).
# of years

height (ft)

width (ft)

ﬂowering z

NA 62973 (‘Betsy Ross’)

3

---

---

P

NA 62974

5

6.0

4.6

G

NA62975

5

6.6

5.2

G

‘Angel White’

5

3.9

4.8

F

‘California Rose’

1

---

---

---

‘Dark Knight’

1

---

---

---

‘Esther Staley’

1

---

---

---

‘Excel’

5

2.0

2.2

P

‘Lavender Lady’

5

3.8

4.2

F

‘Pocohontas’

4

---

S. komarowii

5

4.4

3.9

F

S. laciniata

5

7.3

9.7

G

S. meyeri

5

3.7

5.9

G

S. oblata var. dilatata

5

3.3

4.6

F

S. patula ‘Miss Kim’

5

2.8

3.3

G

S. tomentella

5

4.3

5.2

P

S. wolﬁi

5

2.6

4.4

F

S. yunnanensis

5

4.1

2.5

P

G

P = Poor, F = Fair, G = Good

z
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Evaluation of Techniques to
Induce Polyploid Daylilies
Hamidou F. Sakhanokho, Christopher L. Cheatham, and Cecil Pounders
USDA-ARS, Southern Horticultural Laboratory,
P.O. Box 287, Poplarville, MS 39470
hsakhanokho@msa-stoneville.ars.usda.gov
Index Words: ploidy level, colchicine, ﬂow cytometry
Signiﬁcance to Industry: Most daylily consumers prefer the vigor and improved
horticultural traits of tetraploid clones. The genetic diversity within such modern
daylily tetraploids is rapidly decreasing because breeders have focused on
only a limited number of tetraploid genotypes with unique ﬂower traits (4). This
situation could have serious consequences as pest and environmental changes
occur. The recent introduction of daylily rust has demonstrated how devastating
a new pest can be to clones commonly marketed by the nursery industry.
There is a need to expand the pool of daylily tetraploid germplasm through
conversion of more genetically diverse diploid clones for use in tetraploid
breeding programs.
Results reported in this study suggest that techniques currently used by
daylily hybridizers to convert diploid germplasm to the tetraploid level produce
predominantly mixoploids. This could account in part for the higher levels
of sterility in progeny of hybrids utilizing newly converted clones reported in
catalogues of many daylily breeders. Additional research is needed to identify
an easy and dependable conversion technique that will efﬁciently produce
tetraploids to increase genetic diversity while maintaining fertility.
Nature of Work: Daylily (Hemerocallis spp. L.) is one of the most popular and
economically important perennial ornamentals grown in the United States. In
nature, the daylily species are mostly diploid (2n = 22), with the exception of
some triploids which are generally sterile as pod parents (4). Tetraploid daylily
cultivars are the result of doubling the basic chromosome number by breeders
through chemical treatments, such as colchicine treatment. Along with the
conversion of diploid daylilies into tetraploid cultivars come some desirable
characteristics, such as larger plants and ﬂowers, better ﬂower substance,
more vigorous vegetative leaves and stems, increased heat, disease and pest
tolerance (3). Techniques of daylily conversion include in vitro tissue culture
method, “scooping” method (1), exposure of germinating seeds to a conversion
chemical, application colchicines to the meristematic area, and injection of
colchicine into the meristematic region with a hypodermic needle (2). The tissue
culture method requires expensive facilities and advanced training, which makes
it impractical for the average daylily hybridizer. The objective of the current
study was to evaluate some daylily conversion techniques in order to develop
an efﬁcient and dependable daylily conversion method that can easily be used
by growers. The experimental design was a randomized complete block design
consisting of two daylily cultivars, ‘Ming Toy’ and ‘Shaman’, ﬁve treatments, and
two replications. The preparation of plant materials and the injection procedure
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followed the method described by Brennan and King (2003), except in the
current study all fans were cut to about 1 cm above the soil line. Also, in our
experiment, we used 3 ml of 0.4% colchicine for injection instead of 1 ml of
0.2% colchicine as recommended by Brennan and King (2003). The treatments
were: 1) injection with water (control); 2) injection with 0.4% colchicine;
3) exposure of the meristem to 0.4% colchicine for 48 hours; 4) exposure of
the meristem to 0.4% colchicine + 10% glycerol for 48 hours; and 5) injection
of the meristem with 0.4% colchicine + 10% glycerol. The injection treatments
were repeated the following day for each plant. Cotton balls were soaked into
colchicine solution and used to cover daylily meristems. Freshly soaked cotton
balls were used after 24 hours, leading to a total of 48 hour-exposure time to
colchicine. After a month, ploidy levels of colchicine-treated plants and controls
were analyzed using a Partec Ploidy Analyzer (Flow Cytometer). Nuclei were
extracted by chopping 0.5 cm2 leaf tissue in 0.4 ml Partec Cystain UV precise
P Extraction Buffer with a sharp blade until tissue was reduced to ﬁne pieces.
Samples were then ﬁltered through Partec 50 µm mesh Cell-Trics disposable
ﬁlters and stained with 1.6 ml Partec CyStain UV precise P Staining Buffer per
sample. Each sample was then analyzed in the blue ﬂuorescence channel of
the Partec Ploidy Analyzer until the DNA content of 1500 nuclei was checked.
Results were displayed as histograms showing the number of nuclei grouped in
peaks of relative ﬂuorescence intensity, which is proportional to DNA content.
Throughout the sampling process, unconverted known diploid and tetraploid
control plants were occasionally checked to ensure that the position of the
peaks relative to those of known ploidy levels stayed constant.
Results and Discussion: The results of the various treatments are summarized
in Table 1. For the cultivar Ming Toy, only one tetraploid plant was obtained from
exposure of the meristem to 0.4% colchicine + 10% glycerol for 48 hours. A
total of 64 plants or 42.7% of the Ming Toy plants were mixoploids. There were
two types of mixoploids. Type 1 mixoploids plants showed diploid and tetraploid
peaks, and type 2 mixoploids showed diploid, tetraploid, and octoploid peaks.
The highest number of mixoploid Ming Toy plants (80%) was obtained from
an injection in the meristem with 0.4% colchicine + 10% glycerol). For cultivar
Shaman, two tetraploid plants were obtained using a 0.4% colchicine injection,
and 32% of the plants were mixoploids. The two methods (injection with
hypodermic needles and colchicine-soaked cotton balls to cover the meristems)
used in this experiment are appealing because of their simplicity. The injection
method in particular is simple and uses only a small amount of conversion
chemical. However, despite doubling the colchicine concentration and tripling
the amount of colchicine injected as compared to the recommendation by
Brennan and King (2003), most of the converted plants were mixoploids
(Table 1). Some modern hybrids which are supposed to be tetraploids display
high levels of sterility which originate from converted parents. Attention to this
phenomenon was raised in the early 1960s (1). For a successful tetraploid
conversion, the injection may have to be repeated at least three or more times.
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Table 1. Colchicine-induced polyploidy in two diploid daylily cultivars. Thirty
plants were included in each treatment.
Cultivar

Treatmenta

Diploid

Tetraploid Mixoploid1b

Mixoploid2b

Ming Toy

1

30

0

0

0

Ming Toy

2

15

0

14

1

Ming Toy

3

19

0

10

1

Ming Toy

4

15

1

14

0

Ming Toy

5

6

0

20

4

Shaman

1

30

0

0

0

Shaman

2

18

2

10

0

Shaman

3

18

0

7

5

Shaman

4

17

0

13

0

Shaman

5

15

0

11

2

Treatments: 1= injection with water (control); 2 = injection with 0.4% colchicine; 3 = exposure of the
meristem to 0.4% colchicine for 48 hours; 4 = exposure of the meristem to 0.4% colchicine + 10%
glycerol for 48 hours; and 5 = injection of the meristem with 0.4% colchicine + 10% glycerol.

a

Mixoploid1 and mixoploid2 refer to colchicine-treated plants showing diploid and tetraploid peaks and
diploid, tetraploid, and octoploid peaks, respectively.

b
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DNA Fingerprinting of Flowering Dogwood Cultivars
Naomi R. Smith, Robert N. Trigiano, Kurt H. Lamour and Mark T. Windham
The University of Tennessee, Knoxville,
Department of Entomology and Plant Pathology, Knoxville, TN 37996
nsmith20@utk.edu, rtrigian@utk.edu
Index Words: AFLP, Cornus ﬂorida, ﬂowering dogwood, cultivar identiﬁcation
Signiﬁcance to Industry: Flowering dogwood (Cornus ﬂorida L.) is an important
tree of forests and urban landscapes in the eastern United States. As dogwood
is an attractive tree in all seasons, it has become a widely used landscape tree.
The small stature of the tree allows them to grow even in the smallest yards and
in small green areas amongst ofﬁce buildings and in cities. It has been said that
it is one of the most attractive ﬂowering trees available (2). Currently there are
over 80 cultivars of ﬂowering dogwood commercially available (7). Many of these
cultivars are phenotypically similar although some exhibit disease resistance,
drought tolerance or tolerance to full sun growing conditions. As many cultivars
look very similar, an identiﬁcation key would be of use to researchers, dogwood
breeders and nurserymen to provide a deﬁnitive method of identifying these
cultivars that have similar characteristics. A molecular key would also be of great
use in patent application, patent protection of new cultivars and in verifying the
identity of possible patent infringements (3. 6).
Nature of Work: Molecular markers offer a promising way of deﬁnitively
identifying ﬂowering dogwood cultivars. Molecular markers are obtained from a
DNA ﬁngerprint, which is a set of DNA fragments resulting from cleavage of the
entire genome by a restriction enzyme or by random ampliﬁcation of portions
of the genome by PCR. Molecular markers are those fragments in a DNA
ﬁngerprint that are unique to a particular organism or that can be associated
with or are inherited with a gene or sequence of interest. Ampliﬁed fragment
length polymorphism (AFLP) is one technique that can be used to generate
DNA ﬁngerprints. AFLP markers are well suited for cultivar identiﬁcation as the
technique is able to detect polymorphisms between closely related cultivars (1).
AFLP is robust and highly reproducible; therefore, the technique could easily be
repeated by those wishing to scan unknown or questionable cultivars for these
identifying AFLP markers (1, 3, 5).
Young leaves of 18 common cultivars of dogwood were collected from various
trees near Knoxville, Tennessee. DNA was isolated using a Qiagen kit. A
modiﬁcation of the AFLP technique ﬁrst set forth by Keygene in 1994 was
used (4). DNA was digested with Eco RI and Mse I restriction enzymes and
adaptors were ligated to the cleaved ends. Sixteen Eco RI and Mse I primer
combinations were used for selective ampliﬁcation. After the regular AFLP
selective ampliﬁcation, a second selective ampliﬁcation was performed to
ﬂuorescently label the fragments with a Well-Red ﬂuorescent dye attached to an
Eco RI primer (Lamour, unpublished). This modiﬁcation was made to reduce the
cost of purchasing several different ﬂuorescently labeled Eco RI primers, as they
are expensive. All fragments were analyzed on a Beckman-Coulter CEQ 8000
DNA sequencer. AFLP ﬁngerprints were generated for the 18 dogwood cultivars.
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Results and Discussion: Fingerprints were analyzed for both similarities as well
as differences (polymorphisms) between the cultivars. Each ﬁngerprint produced
between 20 and 30 bands with several polymorphic bands. Unique AFLP bands
associated with one or a few cultivars are AFLP markers for those cultivars.
AFLP markers were used to uniquely identify individual cultivars and create an
identiﬁcation key.
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Photobleaching of Abelia Selections Can Be
Predicted From Spectral Reﬂectance of the Leaves
Marc W. van Iersel and Carol D. Robacker
Department of Horticulture, The University of Georgia,
Athens, GA 30602-7273
mvanier@uga.edu
Index Words: Breeding, Chlorophyll, Pigments, Selections
Signiﬁcance to Industry: Reﬂectance measurements can be used to predict
the photobleaching severity of Abelia selections. These measurements provide
a quick way to screen Abelia germplasm for photobleaching sensitivity. Early
elimination of selections that are sensitive to photobleaching from a breeding
program reduces the number of plants that need to be evaluated in ﬁeld plots,
and thus decreases the cost of new cultivar development.
Nature of work: Photobleaching in leaves normally is the result of the reaction
of reactive oxygen species with chlorophyll, which results in the destruction
of chlorophyll. Reactive oxygen species can be formed when photosynthetic
pigments absorb more light than can be used for photosynthesis. Thus,
photobleaching is relatively common during cool, but sunny, days in spring,
when low temperatures may inhibit the enzymatic processes of the dark
reactions, and under drought conditions in mid-summer, when the dark
reactions of photosynthesis may be limited by the CO2 concentrations inside
the leaves.
Photobleaching is a particular problem in ornamental plants, because
photobleaching damage can be clearly visible and reduce the visual appeal
of plants. Being able to predict photobleaching of selections in a breeding
program would be valuable, because sensitive selections could be eliminated
from the program at an early stage, thus reducing labor and space requirements.
From observations of ﬁeld-grown Abelia selections it was clear that the severity
of photobleaching is related to leaf color. Speciﬁcally, dark green leaves show
little or no photobleaching, while photobleaching is common in lighter leaves,
with low chlorophyll content. However, using the chlorophyll concentration of
the leaves as the sole selection criterion is undesirable, because it would simply
result in selection of plants with the darkest green color. Many Abelia selections
with potential as landscape shrubs have relatively light green, yellowish-golden,
or reddish leaves.
Spectral reﬂectance from leaves has been used to describe plant responses to a
variety of stresses, including trafﬁc wear of turf grass (1) and drought tolerance
of crop plants. The objective of this research was to determine whether spectral
reﬂectance can be used to predict photobleaching of Abelia selections, and if
so, if these measurements are a better predictor than simple, non-destructive
chlorophyll measurements.
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Plants used in this research were part of an Abelia breeding program on
the University of Georgia Grifﬁn Campus. The plants were ﬁeld-grown and
exposed to full sun. A total of 39 plants were selected for data collection,
based on differences in leaf color and photobleaching severity. The extent of
photobleaching damage was estimated by four people, resulting in relative
damage estimates ranging from 0 (no damage) to 1 (most severe). Chlorophyll
concentration of the leaves was measured with a non-destructive chlorophyll
meter (Spad-502, Minolta) on one leaf per plant. Leaves were selected for
measurements based on their position (the 10th to 20th leaf from the tip of
branch) and exposure to full sun. Spectral reﬂectance of the same leaves was
measured with a reﬂectance spectrometer (Unispec, PP Systems).
The correlation between chlorophyll concentration and photobleaching was
determined using non-linear regression analysis. To determine which reﬂectance
data (and their derivatives) were correlated with photobleaching, we modiﬁed
the approach of Jiang et al. (2003). The plants were randomly divided into two
groups of 15 and one group of 9 plants. Using the two groups of 15 plants, we
tested whether the reﬂectance or derivative of the reﬂectance curve at each
wavelength (400-800 nm) was correlated with photobleaching damage using
linear regression. The r-values of these regressions were then plotted against
wavelength, and wavelengths with a high or low r for both groups of plants
were used for further model development. After selecting the most promising
wavelengths for further model development, the reﬂectances and derivatives at
these wavelengths were combined into a multiple regression model to determine
their signiﬁcance for estimating photobleaching damage. Non-signiﬁcant
components of this regression model were eliminated using backward
selection, and remaining components were tested for both linear and quadratic
signiﬁcance. The resulting predictive model was then evaluated by using the
model to predict the photobleaching of the nine plants which had not been used
for model development.
Results and Discussion: Photobleaching of Abelia selections was correlated
with the chlorophyll concentrations in the leaves (Fig. 1). There was little or
no photobleaching in plants with leaf chlorophyll > 40 SPAD units. However,
chlorophyll measurements were not an accurate predictor of photobleaching
severity for those plants which exhibited photobleaching (R2 = 0.50),
suggesting that factors other than chlorophyll concentration may contribute
to Abelia sensitivity to photobleaching. Therefore, it may be possible to select
photobleaching-insensitive Abelias with relatively low chlorophyll content.
Plants generally reﬂected little light from 400 to 500 nm and around 670 nm
(Fig. 2, top), wavelengths corresponding to peaks in the absorption spectrum
of chlorophyll. There was considerable variation among plants in reﬂectance at
wavelengths from 500 to 650 nm, where chlorophyll absorbs relatively little light.
Differences in reﬂectance among plants were reﬂected in the derivative of the
reﬂectance as well (Fig 2, bottom). Using spectral reﬂectance, and its derivative,
initially reﬂectance at two wavelengths and the derivative at 6 wavelengths
were selected to develop a predictive model (Fig. 3). When all data were
combined into one regression model, only the derivative at three wavelengths
remained signiﬁcant. At two of these three wavelengths, there was a quadratic
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effect of the derivative on photobleaching: photobleaching index = -0.123 +
189.5×dR542 + 3,38×106 ×dR4702 - 18,4×103 × dR6502 (R2 = 0.81 (Fig. 4A), where
dRx = derivative of the reﬂectance at a wavelength of x nm. The predictive ability
of the model was then evaluated by predicting the photobleaching damage of
the nine plants, not used for model development, and comparing predicted
to observed damage (Fig. 4B). There was a highly signiﬁcant (P < 0.01)
correlation between predicted and observed photobleaching damage. Although
observed damage was generally higher than predicted damage, the slope of the
regression line was not signiﬁcantly different from 1, while the intercept was not
signiﬁcantly different from 0, suggesting that there was no systematic bias in the
estimated photobleaching damage.
These ﬁndings suggest that the model developed to predict photobleaching
damage in Abelia could indeed do so. This suggests that this model could
potentially be used to screen germplasm for susceptibility to photobleaching.
The model is more accurate than non-destructive chlorophyll measurements and
may be helpful in selecting plants with relatively low chlorophyll content, and low
susceptibility to photobleaching.
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Fig. 1. The relationship between leaf chlorophyll concentration and
photobleaching of Abelia selections (Y= 0.704 × e-0.0475 × X, R2 = 0.50, P < 0.0001).
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Fig. 2. Representive reﬂectance spectra (top) and their derivatives (bottom)
of Abelia selections sensitive (dotted line) and insensitive (solid line) to
photobleaching. Arrows indicate wavelengths included in the ﬁnal model to
predict photobleaching sensitivity of Abelia selections.
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Fig. 3. Correlation coefﬁcients of spectral reﬂectance (top) and its derivative
(bottom) for two groups of 15 plants. Arrows indicate wavelengths which were
used to develop the model to predict photobleaching severity.

Fig. 4. Modeled versus estimated photobleaching of Abelia selections. Data
from 30 plants were used to develop of predictive model for photobleaching (A),
and the model subsequently was evaluated by predicting the photobleaching of
nine other plants (B).
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Ornamental Plant Trials from Georgia to Maine - A
Case Study of Chamaecyparis thyoides Accessions
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Signiﬁcance to the Industry: Ornamental plant trials provide extremely
important growth and cold-hardiness data for growers to produce and market
their plants. From the Georgia and Maine Trials of Chamaecyparis thyoides,
growers can successfully sell their Atlantic White Cedar plants to the right place
and extend their market arena.
The Lyle E. Littleﬁeld Ornamentals Trial Garden is the northern-most ornamental
garden along the eastern US coast and has brought nation-wide attention
by its cold hardiness trials for woody and herbaceous perennial ornamental
plants (1, 2). The Landscape Horticulture Program at the University of Maine is
dedicated to cold hardiness work and this Chamaecyparis thyoides study is a
great example. We look forward to the further collaboration with researchers and
members of Southern Nursery Association and producing more useful data for
our nursery industry.
Nature of Work: Atlantic White Cedar (Chamaecyparis thyoides (L.) B.S.P.) is a
native needle evergreen plant, ranges from Maine to Georgia (along the Atlantic
Coast) and from Florida to Mississippi (Gulf Coast) (3, 4, 6). Naturally, the plant
occurs in wet spots or nearby swamp areas and reaches 12-15 meters tall and
3-6 meters wide. In the everyday garden situation, this species performs well
on drier soil and the habit and height are extremely variable (4). The diversity in
morphological and growth features and artiﬁcial selection has resulted in more
than 50 accessions in the commercial trade (3, 4). Thanks to plant-lovers and
horticultural professionals, the wide selection of this insect- and disease-free
plant has gained popularity in our landscape (4, 6).
For both growers and gardeners, the key questions in producing or buying
a plant are its cold hardiness zones and growth rate. With so many taxa of
Atlantic White Cedar available in the trade, the cold hardiness and growth rate
have to be addressed with trials in different locations. Six plants (three for each
location) of each Chamaecyparis thyoides accession was randomly planted
in the Horticultural Farm and Trial Beds at the University of Georgia (under Dr.
Michael Dirr’s Ornamental Plant Improvement Program) and the Lyle E. Littleﬁeld
Ornamentals Trial Gardens at the University of Maine (under Dr. Donglin
Zhang’s Maine Plants Program). The winter damage and plant growth were
recorded yearly.
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Results and Discussion: As variable as its morphological features,
Chamaecyparis thyoides taxa have broad-adaptability to the cold. Based on
the Maine ﬁeld trial and reference from other inputs (small trials from Vermont
and Portland, ME) and literature (2, 3, 4, 6), growers can sell the following taxa
to the USDA cold hardiness zone 4 (Table 1): all “Arnold Arboretum” clones;
‘Aurea’; ‘Blue Sport’; ‘Compact Glauca’; ‘Glauca’; ‘Heatherbun’; ‘Maine Form’;
“Planting Field Arboretum” clones; ‘Shiva’; ‘Twombly Blue’; and, ‘Variegata’.
In our observations, plants with blue and yellow scaled-foliage are much more
cold hardy than these with green foliage. At least, the cold damage on the green
foliage (small branches) were signiﬁcant. In zone 5 ‘Ericoides’, ‘Little Jamie’,
‘MethDwarf’, ‘Raulston Form’, ‘Red Star’, ‘Taylor County’ and ‘#23WL’ could be
added to the list. All tested Atlantic White Cedar accessions should do well in
USDA hardiness zone 6 or above.
‘Andelyensis’ and ‘Shiva’ are doing well in the cold climate. However, they could
not survive in the Georgia ﬁeld trial. ‘Top Point’ died in 2002 in both Georgia and
Maine. Besides the cold tolerance, some other factors, such as heat-resistance,
should be considered for better growing these plants for the landscape along
US Atlantic and Gulf coasts.
The growth rate of Atlantic White Cedar is clone-dependable. Some taxa grow
about 10 cm per year, while others about 100 cm. Climate zones also have
signiﬁcant effects on the plant growth. The ﬁeld trial in Georgia produced much
taller plants than the trial in Maine. For the same cultivar, especially the fast
growing ones (5), the growth rate per year and total growth for the last ﬁve
years usually doubled in Georgia. Only slow growing cultivar, ‘Heatherbun’,
is the outlier of this trend (Table 2 and Figure 1). Obviously, the production of
Chamaecyparis thyoides takes much longer in the north. Growers in the south
should take the advantage of the climate and market their cold hardy taxa to the
northern landscape.
Acknowledgement: Great thanks should go to Vickie Water for providing plant
materials and taking data. Input and help from Brad Libby, Diemeng Hu, Jeff
O’Donal, David Sandrock, Rick Seekins, and Mark Starrett are appreciated.
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Table 1: Cold hardiness and suggested USDA cold hardiness zones for the taxa
of Chamaecyparis thyoides based on Georgia and Maine ﬁeld trials.
Taxa

Trials 1998-2003
Georgia
Maine

Arnold Arboretum#1022-84
Arnold Arboretum#129681
Arnold Arboretum#13047
Andelyensis (Appalachian)
Andelyensis (Arnold Arb.)
Aurea (Dilworth)
Baldwin County
Blue Sport
Compact Glauca
Compact Glauca
(Smotherman)
Dirr #1
Dirr #2
Dodd Form
Ericoides
Georgia Form (Ruter)
Glauca (Schumacher)
Heatherbun
var. henryae
Little Jamie (Smotherman)
Maine Form
Meth Dwarf
Mobile Bay (Dooley)
Okefenokee Compact
Planting Field Arboretum #1
Planting Field Arboretum #2
Raulston Form
Red Star
Select Tree (Narrow)
Select Tree (Open)
Shiva
Taylor County (ABG)
Taylor County (BWWC)
Top Point (Greer)
Twombly Blue
Variegata (Australia)
Webb#1 (Emily)
Webb#2 (Rachel)
Webb Gold
#23 WL
#23 WL Witch’s Broom

N/A
N/A
No damage
Died in 2002
N/A
N/A
No damage
N/A
N/A

No damage
No damage
No damage
10% damage
10% damage
10% damage
Died in 2004
No damage
No damage

√
√
√
√
√
√

N/A
N/A
No damage
No damage
N/A
No damage
N/A
No damage
N/A
No damage
N/A
N/A
N/A
No damage
N/A
N/A
No damage
No damage
No damage
N/A
Died in 1999
No damage
N/A
Died in 2003
N/A
No damage
No damage
No damage
No damage
N/A
N/A

No damage
Died in 2000
Died in 2000
Died in 2000
70% damage
Died in 2004
No damage
No damage
Died in 2004
40% damage
No damage
40% damage
Died in 2000
Died in 2000
No damage
10% damage
20% damage
Died in 2004
Died in 2001
Died in 2000
No damage
80% damage
Died in 2003
Died in 2001
5% damage
10% damage
Died in 2000
Died in 2001
Died in 2003
Died in 2004
30% damage
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4

USDA Zones
5 6 7
√
√
√
√
√
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√
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√
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√
√
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√
√
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√
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√
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√
√
√
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Table 2: Growth rate of Chamaecyparis thyoides taxa based on Georgia and
Maine ﬁeld trials from 1998-1999.
Growth rate (cm)
Georgia*

Maine

Arnold Arboretum#1022-84

69

33.5 ab**

Arnold Arboretum#129681

66

28.8 bc

Arnold Arboretum#13047

62

27.0 bcd

Andelyensis (Appalachian)

31

15.5 de

Andelyensis (Arnold Arb.)

24

15.7 de

Aurea (Dilworth)

58

28.5 bc

Blue Sport

93

42.5 a

Compact Glauca

31

27.2 bcd

Compact Glauca (Smotherman)

36

26.8 bcd

Glauca (Schumacher)

36

26.1 bcd

Heatherbun

13

10.3 e

Planting Field Arboretum #1

67

24.7 bcd

Planting Field Arboretum #2

92

33.5 ab

Raulston Form

93

41.8 a

Twombly Blue

82

17.3 cde

Variegata (Australia)

66

31.0 ab

Taxa

*Data from Sandrock, 2000 (5).
**Mean growth rate within the column followed by the same letter are not signiﬁcantly different based
on Duncan’s new multiple range test at P ≤ 0.05.
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Figure 1: Growth of four Chamaecyparis thyoides taxa based on Georgia and
Maine ﬁeld trials after planting for 5 years (1998-2003).
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Index Words: China, garden, ornamental, plant
Signiﬁcance to the Industry: New ornamental plants are the new blood for
our nursery industry. For introduction of new ornamental plants, especially with
the pressure of the invasive plant issue, we should select the best ones for
our markets. Hopefully the industry will beneﬁt from our new introductions and
increase its market share with new plants from China.
Nature of Work: “It is safe to say that there is no garden in this country or in
Europe that is without its Chinese representatives and these rank among the
ﬁnest of tree, shrub and vine.” said E. H. “Chinese” Wilson (4). Obviously, the
interest in and demand for good Chinese garden plants are high in this country.
With this idea in our minds, the authors visited China ﬁve times with focus on
ornamental plants for the past three years. Although the ornamental horticultural
industry is just beginning in China, the potential resources of ornamental plants
are great.
The trips included 12 Botanical Gardens, 10 Ornamental Research Institutions
and Universities and eight remote mountainous areas. The plant materials with
ornamental potential (3, 4, 5, 6) were too much to mention in this paper and
the following plants are some examples for your reference. These plants were
selected by comparing their ornamental features and landscape performance
with their closely related ornamental plants in US landscape (2). Inputs from
plant lovers are greatly appreciated.
All photos are posted on http://www.umaine.edu/maineplants/sna04dz.pdf.
Results and Discussion:
1. Wild Collections (natural plant resource with great ornamental potentials)
Illicium angustisepalum (I. jiadifengpi) is an evergreen shrub, which distributes
on from 600-2000 meters (2000-6000 feet) above sea level. For its dark green
foliage and dense branches. Maybe hardy to USDA Zone (5)6.
Pentaphylax euryoidesis is an evergreen shrub or small tree, distributed from
600-1600 meters (2000-5000 feet). For its colorful new growth. Maybe hardy to
Zone 6.
Podocarpus nerrifolius is a close relative of P. macrophyllus. However, its leaves
are twice as broader and longer than P. macrophyllus. It is a small evergreen tree
and maybe hardy to Zone 7.
2. Selections from Wild and Cultivated Population
Acer fabri ‘Emerald Jade’ is a new selection from a trial garden. It is a evergreen
Plant Breeding & Evaluation Section
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plant (deep green, glossy foliage) with red winged schizocarp all year round.
Maybe hardy to Zone 7.
Ailanthus altissima ‘Hongye’ (means “red leaves”): No one wants one more
Tree of Heaven. However, the vivid foliage is attractive. This new mutation
from an Ailanthus altissima ‘Thousand Leaders’ population should have some
potential to replace its species. Hardy to Zone 5. Photos were provided by Mr.
Zhanchao Liu.
Celtis julianae ‘Jinye’ (means “golden leaves”) is a selection from seedling
population with golden foliage. Hardy to Zone 5. Photos were provided by Ms.
Xuan Huang and Dr. Liangjun Zhao.
Fagus grandifolia ‘Shimin’ (“Shimin” is the name of a person, who discovered
the plant) is a new variegated selection from a cultivated population. Nothing is
special, but variegated leaves. Hardy to Zone 3.
Loropetalum chinense var. rubrum ‘Prostrata’ is a new selection for its horizontal
growth habit and slow growth rate. Hardy to Zone 6. Photos were provided by
Mr. Xiaoming Wang.
Magnolia grandiﬂora ‘Green Jade’ is a selection from seedling populations
without brown pubescence below. Like M. grandiﬂora ‘Mgtig’, but much clean
leaves. Maybe hardy to Zone 7.
Nageia nagi ‘Sliver Strap’ (syn. Podocarpus nagi) is a selection from a seedling
population. Maybe hardy to Zone 7.
Osmanthus fragrans ‘Xiangxiu’ (means Hunan Embroidery, the leaf texture
likes “Hunan Embroidery”). The plant was also called ‘Jinbian’ (means “Golden
Margin”). Variegated leaves with purple new growth. About Zone 7. Two photos
were provided by Mr. Xiaoming Wang.
Robinia pseudoacacia ‘Swimming Dragon’ is a mutation from a plantation. The
plant is unique for its twisted and inermous branches (white ﬂowers). Hardy to
Zone 4 (3).
Robinia pseudoacacia ‘Red Dragon’ is a selection with red ﬂowers and inermous
twigs. Hardy to Zone 4 (3). One photo was provided by Ms. Xuan Huang.
Robinia pseudoacacia ‘Honghua’ (means “red ﬂower”) is a selection from a
seedling population. This cultivar has dark pink ﬂower and bloom twice a year in
Central China. Hardy to Zone 5. Photos were provided by Mr. Zhanchao Liu.
Syringa pekinensis ‘Beijing Huang’ (means “yellow ﬂower from Beijing”) is a
selection from seedling population for its golden ﬂower color. The loaded ﬂower
is very attractive during the bloom season in May in Beijing, China. Hardy to
Zone 4. The photo was provided by Dr. Dongyan Hu.
Ziziphus jujuba ‘Longzhao’ (means “dragon’s claw”) is a natural mutation with
contorted branches. Also, its fruit is edible and very popular in China. Maybe
hardy to Zone 6.Hybrids (both natural and artiﬁcial ones)
Lonicera × longhuii ‘White Cloud’ is a selection from a hybrid complex (majorly
from L. hypoglauca and L. macranthoides). Loaded ﬂower buds with white petals
never bloom. Maybe hardy to Zone 6.
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Lonicera × longhuii ‘Xiaoming’ is a new selection by Mr. Xiaoming Wang for its
ﬂower buds. The loaded ﬂower buds (never open) could be harvested and dried
for tea. Although it grows commercially for herb medicine in China, it is a plant
with great ornamental. Evergreen if hardy, may be deciduous in Zone 6.
Prunus davidiana ‘BBG#1’ (Beijing Botanical Garden Breeding Program,
Selection #1) is selected for its upright form. Hardy to Zone 4. Photos were
provided by Dr. Dongyan Hu.
Prunus davidiana ‘BBG#2’ (Beijing Botanical Garden Breeding Program,
Selection #2) is selected for its pendulous branches. Hardy to Zone 4. Photos
were provided by Dr. Dongyan Hu.
New ornamental plants from China are far more than we mentioned above. How
to further explore the potential ornamental plants, how to bring these plants
back to US, and how to collectively market these plants should be addressed.
We sincerely look forward to your suggestion and collaboration.
Acknowledgement: Great thanks should go to our colleagues in Beijing
Botanical Garden, China Agricultural University, Hunan Academy of Forestry,
Hunan Bureau of Forestry, Shandong Agricultural University. Their hospitality
and support made our trips to China possible.
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Genes in Pachysandra terminalis Using
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Signiﬁcance to the Industry: Subzero temperatures during the growing
season that causes substantial annual economic losses in ornamental and
food crops is a worldwide problem. Understanding the molecular mechanism
that cold-tolerant plants use to minimize or avoid damage is important for
developing breeding and genetic engineering strategies for the development of
plants that can tolerate such conditions. Regulation of gene expression during
adaptation to temperature decreases and the capacity to recover from freezing
temperatures are the two aspects to consider in investigations on freezetolerance. Our observations involving Japanese spurge (Pachysandra terminalis
Sieb & Zucc), a cold-tolerant ornamental plant, show that it has an acclimation
process characterized by the synthesis and accumulation of proteins and mRNA
transcripts. This project provided us with gene constructs and preliminary data
for use in genomic-scale analysis of freeze tolerance in cold tolerant plants. This
research complements and supplements national efforts for the development
of strategies for improving cold tolerance in nursery and food crops. These
results will provide the bases for functional genetics studies of freeze tolerance
in P. terminalis.
Nature of Work: Sporadic low temperature ﬂuctuation during the early spring
limits production of cold sensitive crops in the temperate regions of the world.
Many plants can increase their tolerance to freezing temperatures. During the
process of cold acclimatization, regulators such as: CBFs (DREB1 proteins),
OsCDPK7, HOS1 and AtCPL family become activated and regulate the
expression of stress related structural genes. A number of proteins are then
produced, resulting in cold tolerance to freezing temperatures (1, 2, 3, 4). This
research was undertaken to identify genes in a cold tolerant plant (P. terminalis),
that protect it from cold induced damage.
Clonal divisions of Japanese spurge obtained from Green Leaf Perennials
(Lancaster, PA) were planted in nursery gallon containers and maintained in the
greenhouse. Sixty days prior to initiating the experiments, plants were moved
to a growth chamber (16/8h, d/n, 25C) to induce new growth. For differential
display analysis, plants were incubated at 13C for 20 days, then 3C for 24 h,
then 0.5-1C for 24h. For reverse northern blot, the plants were treated at 5C for
24h, and 0.5C-1.0 for 12h. For northern blot, the plants were treated at 5C for
9 and 24h, returned to 25C for 9 and 24 h, and back to 5C for 24h. After each
treatment, leaf tissues were collected and frozen in liquid nitrogen and stored at
-80C until needed. For RNA extraction and labeling, newly emerged leaves were
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used. They were maintained frozen as were those used for northern blot. Total
RNA was extracted using a RNA Pure kit (Genhunter, Nashville TN) according
to the manufacture’s procedure. For cDNA differential display, total RNA was
digested with DNase I using DNA clean kit (Genhunters). After puriﬁcation,
the RNA was reverse-transcribed into cDNA using three-one-base-anchored
oligo-dT primers into cDNA and ampliﬁed using all the anchored primers and
80 arbitrary 13 mers primers in the RNA image kit (Genehunter). The cDNA
fragments were labeled with 32P-dATP and separated on 6% acrylamide
sequence gels. The signals were detected on x-ray ﬁlm after exposure overnight
at -80C. Cold induced cDNA fragments were identiﬁed based on signal intensity
and cloned onto PCR-Trap cloning vector and their temperature regulation was
conﬁrmed by colony hybridization and reverse-northern blot using reverse-prime
cDNA labeling kit (Genhunters). Probes were synthesized from leaf tissues and
hybridization was carried out at 42C overnight. Filter membranes were washed
twice in 1 x SSC at room temperature for 20 min, and twice in 0.25x SSC and
0.1% SDS at 50C for 20min. Gene sequence analysis and database searches
followed procedures described by Zhou et al. (5). For Northern blot analysis,
gene probes were synthesized using the Hot-Prime kit and the probes were
labeled with 32P-dATP. Northern hybridization conditions were the same as for
the reverse northern.
Results and Discussion: Two hundred and ﬁfty DNA clones (genes) upregulated following low temperature treatment were selected and subjected to
sequence analysis. Through sequence analysis, these genes were classiﬁed
into three groups: stress-related, photosystem-related and unidentiﬁed. Among
these, several genes up-regulated by the 4C treatment continued to have high
expression after plants were returned to the greenhouse (25C). These genes
were identiﬁed using Northern Blot analysis.
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