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Breeding Alstroemerias for the South
Cecil Pounders, Leopold Nyochembeng and Edmond Brown
Coastal Research and Extension Center, MS State University,
Box 193, Poplarville, MS 39470
Index Words: Alstroemeria, Heat tolerance, Interspecific Hybrids
Nature of Work: The genus Alstroemeria has approximately 90 herbaceous
rhizomatous perennial species that are widely distributed in South America (1).
Interspecifc hybrids primarily of Dutch origin have grown in popularity as cut
flowers and flowering pot plants over the past decade. Most commercial cultivars
were derived from species such as A. magnifica, A. pelegrina and A. aurantiaca
native to the Chilean Andes and were selected for winter greenhouse production
in the Netherlands. These clones are poorly adapted to production areas with
night temperatures above 65°F and high humidity such as the South. Many of
the Dutch clones are also sterile triploids, which limits potential contributions to
breeding programs.
A number of Brazilian species are generally from areas with night temperatures,
seasonal climatic fluctuations and rainfall more like the South (1). Alstroemeria
psittacina (pulchella) from northern Brazil is particularly well adapted to the
climatic conditions of the South and has naturalized in areas of zone 8 where it
is known as Parrot Lily or Peanut Lily. Plants are root hardy to zone 7 with tops
hardy to 20°F. Flowers are predominantly red but very small in comparison to
florist hybrids. Some provenances of A. caryophyllae from southern Brazil are
also adapted to southern climates with genetic variation that extends the range
of flower pigmentation and fragrance. Limited work at the University of Florida
(4) and the University of Connecticut (3) has shown the potential to increase the
heat tolerance of alstroemeria clones by using heat tolerant Brazilian species
in breeding programs. Interspecific hybridization often produces spontaneous
polyploidization with triploids and tetraploids, particularly when Chilean-Brazilian
hybrids are produced (2).
Clones and seedlings of material from commercial sources have been collected
for evaluation under south Mississippi conditions to determine germplasm with
traits that could be incorporated into a breeding program to develop clones that
can be grown as pot plants and/or garden perennials in the South.
Results and Discussion: Initial trials of germplasm resulted in high mortality
of most accessions when grown in pine bark under overhead irrigation with
natural rainfall beneath 50% shade primarily due to root rot. It was found that
the material performed much better in a covered shaded greenhouse without
sidewalls to eliminate rainfall in the summer even though daily temperatures
were approximately 5ºF higher on average. After the overwatering problem was
corrected differences in selections were more apparent (Table 1). Plants of the
Brazilian species A. psittacina were adapted to climatic conditions as expected
but flowering of two different accessions was erratic or non-existent. Some of
the interspecific hybrids with Brazilian parentage such as Inca Koya inherited the
lack of flowering but survived and grew well. The best flowering selection was
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Stinson's Hybrid which is a hybrid between the two Brazilian species A. psittacina
and A. caryophyllae. Flowers of this selection are small like its parents and
would not be acceptable to someone expecting the large flowered Chilean
hybrids of the florist trade. The Mojonnier Hybrids from California are Chilean
types produced from seed with great variation in performance at our site but with
potential for improvement though selection for adaptation. Dutch clones such
as Angela, Oxana and Zsa Zsa generally melted down in the summer heat like
snowballs.
Significance to the Industry: Alstroemeria is a crop that is already recognized
and appreciated by consumers for its durability and beauty in floral arrangements
which is generally imported from Holland and South America. Development of
clones adapted to the South would open new markets for perennial and pot plant
growers.
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Table 1. Characterization and performance of containerized Alstroemerias in
south Mississippi.
Selection

Parentage

Flower
Color

Performance

Angela

Chilean Hybrid

Yellow

Very Poor

Dusty Rose

Chilean Hybrid

Pink

Survives

Elisa

(A. caryophyllae × A. psittacina)
×
A .pelegrina

Pink

Very Good

Freedom

A. caryophyllae × Chilean Hybrid Pink

Very Good

Inca Koya

A. caryophyllae × Chilean hybrid

Lavender

No flowers

Meyer's Dwarf

A. pelegrina × A. psittacina

Pink

Good

Mojonnier
Hybrids

Chilean Hybrid Seedlings

Pinkshades Poor to
Excellent

Mona Lisa

A. psittacina

Pink

Few Flowers

Oxana

Chilean Hybrid

Pink

Poor

Patricia Lynn

unknown

Pink

Excellent

Patriot

unknown

Purple

Good

Stinson's Hybrid A. caryophyllae × A. psittacina

Pink

Excellent

Sweet Laura

A. aurea × A. caryophyllae

Yellow

Excellent

Tom Dodd

A. psittacina

Pink

Few Flowers

Zsa Zsa

Chilean Hybrid

Pink

Poor

484

Plant Breeding & Evaluation Section

SNA RESEARCH CONFERENCE - VOL. 48 - 2003

Self-incompatibility in Hydrangea paniculata
and H. quercifolia
Sandra M. Reed
U.S. National Arboretum, ARS, USDA
Tennessee State University Nursery Crop Research Station
McMinnville, TN 37110
Index Words: Panicle hydrangea, Oakleaf hydrangea, Hydrangea paniculata
Sieb., Hydrangea quercifolia Bartr., Self-incompatibility
Nature of Work: Self-incompatibility is the inability of a plant with functional male
and female gametes to set seed when self-pollinated (2). Self-incompatibility may
be expressed by the failure of self pollen to germinate on stigmas (sporophytic
self-incompatibility) or by an inhibition of self pollen tube growth in styles
(gametophytic self-incompatibility) (3).
Conflicting information concerning self-incompatibility in Hydrangea has been
reported. In one study, only a very few viable seeds were obtained from selfpollinations of H. macrophylla, H. paniculata and H. quercifolia, and no selfpollinated H. arborescens seeds were obtained (8). In contrast, Japanese
workers obtained large numbers of viable seed from self-pollinations of
H. macrophylla and H. arborescens (6). Seeds have been obtained from
H. macrophylla 'Dooley' (4) and H. quercifolia 'Snow Queen' (Don Shadow,
Shadow Nursery, personal communication) plants growing in isolation; because
of the distance between these plants and other sources of pollen, progeny were
assumed to have resulted from self-pollinations.
The objective of this study was to evaluate self-incompatibility in H. paniculata
and H. quercifolia by comparing pollen germination and pollen tube growth
in cross- and self-pollinated flowers. Controlled cross- and self-pollinations
were made using H. paniculata 'Tardiva', 'Unique', and 'Pink Diamond' and
H. quercifolia 'Snow Queen' and two unnamed H. quercifolia seedlings; standard
Hydrangea controlled pollination techniques (8) were used for all hybridizations.
Flowers were emasculated one day prior to expected anthesis and pollinations
made two days after emasculation.
Five flowers were collected from each genotype 1, 2, 4, 8, 24, 48 and 72 hours
after cross- and self-pollination and immediately placed into FAA fixative (18:1:1,
70% ethanol:formalin:glacial acetic acid) (5). After 24 hours at room temperature
in fixative, flowers were transferred to 70% ethanol and stored at 5 °C. Prior to
staining, flowers were rinsed in distilled water and then softened using 8 N NaOH
for 3 hours. Flowers were rinsed in distilled water for 30 minutes prior to transfer
to 0.1% (w/v) aniline blue in 0.1 N K3PO4 for 1 hour (7).
After staining, each stigma and style was placed on a microscope slide in a
drop of aniline blue stain, squashed under a cover slip, and observed using a
microscope equipped with a 100-W high-pressure Hg lamp and a near-ultraviolet
(400-410 nm) filter. Callose was observed as a bright yellow-green fluorescence
and was used to detect pollen germination and growth of the pollen tubes
Plant Breeding & Evaluation Section
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through the styles. Percentage of flowers in which germinated pollen was present
on one or more of the stigmas was determined for each treatment. The longest
pollen tube in each style was measured using an ocular micrometer. Mean pollen
tube length was calculated for each treatment using only those flowers in which
pollen germination was observed. For both species, no significant differences
among genotypes were observed; therefore within species pollen germination
and pollen tube length data from genotypes was combined.
Results and Discussion: Germinated pollen was observed on over half of the
cross- and self-pollinated H. paniculata and H. quercifolia flowers collected from
4 to 72 hours after pollination (Table 1), indicating there is no barrier to pollen
germination following self-pollination of either species. Pollen tubes had grown
to the base of the style by 24 hours after cross-pollination in H. paniculata and
by 48 hours after cross-pollination in H. quercifolia. In both species, self-pollen
tubes had only penetrated one-fourth to one-third the length of style by the time
cross-pollen tubes had reached the bottom of the style (Table 2). In species with
gametophytic self-incompatibility, self-pollen tubes usually reach one-third to
three-quarters the length of the style in the time required for compatible tubes
to penetrate the entire style (1). Therefore, it appears that a gametophytic selfincompatibility system is present in H. paniculata and H. quercifolia.
Self-incompatible species may sometimes produce self-seed through a process
known as pseudo-self-compatibility (PSC) (1). Low seed set that was previously
observed in H. paniculata and H. quercifolia controlled self-pollinations (8) may
be evidence of PSC. Because a single H. paniculata or H. quercifolia plant has
the potential to produce several million seed, even a low level of PSC might
be expected to produce several seed in plants in which a large number of selfpollinations are made. This may explain the recovery of self-progeny from plants
physically isolated from sources of compatible pollen.
Significance to Industry: Several Hydrangea species are widely cultivated as
ornamentals. While many cultivars are available in some species, little is known
about the breeding or genetics of this genus. Evidence of a self-incompatibility
system that was presented in this study will assist plant breeders as they attempt
to develop improved H. paniculata and H. quercifolia germplasm.
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Table 1. Pollen germination following cross- and self-pollination of H. paniculata
and H. quercifolia.
Hours after
pollination
1
2
4
8
24
48
72

Percent flowers with germinated pollen
H. paniculata
H. quercifolia
Cross-pollinated Self-pollinated Cross-pollinated Self-pollinated
20
27
60
73
87
93
87

20
40
80
80
93
100
87

0
47
60
73
87
93
87

0
53
53
80
93
93
80

Table 2. Pollen tube growth following cross- and self-pollination of H. paniculata
and H. quercifolia.
Hours after
pollination
1
2
4
8
24
48
72

Pollen tube length, mm (mean ± s.e.)
H. paniculata
Cross-pollinated Self-pollinated
0.05 ± 0
0.03 ± 0
0.12 ± 0.03
0.09 ± 0.01
0.21 ± 0.04
0.17 ± 0.02
0.56 ± 0.05
0.38 ± 0.03
2.31 ± 0.14
0.58 ± 0.06
3.45 ± 0.04
0.59 ± 0.07
3.50 ± 0.11
0.72 ± 0.09
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H. quercifolia
Cross-pollinated Self-pollinated
0
0
0.10 ± 0.03
0.05 ± 0.01
0.14 ± 0.01
0.08 ± 0.01
0.22 ± 0.02
0.18 ± 0.02
1.00 ± 0.08
0.34 ± 0.03
1.44 ± 0.08
0.52 ± 0.05
2.21 ± 0.11
0.50 ± 0.07
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Amplification of Echinacea Pollen DNA
Under Betaine and 3' to 5' Exonuclease
A. Naseer Aziz and Roger J. Sauve
Tennessee State University
3500 J. A. Merritt Blvd., Nashville, TN 37209-1561
Index Words: Coneflower, Echinacea, Primer extension pre-amplification,
Individual pollen, Isolated pollen, DNA
Nature of Work: Coneflower (Echinacea spp.) is an important herbaceous
perennial in the nursery and medical herb industries (1, 4). In recent years,
Echinacea species have gained more attention worldwide due to the non-specific
immunostimulatory bioactivities of extracts. As ornamentals, the Perennial Plant
Association selected E. purpurea 'Magnus' a superior cultivar of coneflowers as
the Plant-of-the-Year for 1998. Identification of true-to-type plants by observing
phenotypic variances in plant structures (genetic markers) is less accurate
and more laborious than using molecular techniques (6, 7). DNA fingerprinting
methods can be used to identify the genetic make-up of plants and are very
useful for the true-to-type identification of plants. To our knowledge, there is
no report on the molecular characterization of Echinacea. Molecular markers
associated or linked to desirable traits can be used in breeding protocols for
developing new varieties. Compared to conventional methods, the use of
molecular markers can save development costs and time required for plant
breeding, evaluation and cultivar release (6,7). Since genetic markers of a
plant segregate into its pollen grains during anthesis, plant breeders can use
this segregation for genetic analysis. Analysis of molecular markers from
individual pollen grains can generate genetic data without the need of performing
controlled pollinations. Segregation of molecular markers into pollen grains can
be used to construct genetic maps, which enhances breeding efficiencies (2).
In addition, analysis of markers in pollen grains reduces the need to maintain
large population of plants. In this paper, we report on the use of a novel method
for the amplification of DNA from individual pollen grains and the subsequent
identification of AFLP markers.
Pollen grains of E. purpurea 'Magnus' were individually collected with a
micromanipulator (Narishige, East Meadow, NY). Each grain was placed in a
separate PCR (polymerase chain reaction) tube that contained 5µl of pollen
germination medium. The pollen germination medium consisted of 0.29M
sucrose, 1.62mM H3BO3 and 1.27mM Ca(NO3)2, (pH 5.7). After 1-2 hours of
incubation at room temperature, the DNA was amplified via PCR using 15-mer
primers (Operon Technologies, Alameda, CA) using a modified protocol of
Zhang et al. (8). For amplification with MasterAmp™ Extra-Long PCR kit
(EPICENTRE®, Madison, WI) manufacturer's conditions were used. Amplified
DNA products were visualized by 2% agarose gel electrophoresis after staining
with ethidium-bromide. DNA gels were photographed using an AlphaImager
2000 System (Alpha Innotech, San Leandro, CA). AFLP markers were generated
by DNA amplification via PCR using the AFLP System-Analysis Kit of GibcoBRL
(Rockville, MD). Agarose gel analyses were conducted to check restriction
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digestion, pre-amplification and amplification of the DNA samples. AFLP profiles
(DNA fingerprints) were scored by separating the selective amplification products
through denaturing 6.5% polyacrylamide gel electrophoresis (5). All AFLP profile
images were recorded with an automated DNA analyzer (Global IR2 DNA
Analyzer and Sequencer, LI-COR).
Results and Discussion: In this paper, we report an innovative approach for
the collection of individual coneflower pollen grains using micromanipulation and
DNA extraction using a pollen germination protocol. Since there is only a very
small amount of DNA in a pollen grain, we needed to increase this amount. The
protocol of Zhang et al. (8) to increase the amount of genomic DNA of a sample
was evaluated. This protocol amplified Echinacea pollen genome with an array
of continuous random 15-mer primers. Our findings suggest that this procedure
can be used for this purpose, as the primer extension pre-amplification (PEP)based amplified DNA products obtained were clearly discernible when viewed
on ethidium-bromide stained agarose gels. As we expected, the amplification
of Echinacea pollen DNA by PEP resulted in genome distributed in fragments
of varied lengths. Restriction digestion was conducted on PEP products and
PCR based AFLP markers were amplified from each individual grain. However,
only short-sized (around 500 base pairs) AFLP markers were generated. The
MasterAmp™ Extra-Long PCR kit containing the PCR enhancer betaine and Taq
polymerase with 3'-5' exonuclease activity was used to increase the sizes and
the numbers of the AFLP markers. This enhancer was previously reported (3) to
increase the fidelity and accuracy of the PCR products. After initial experiments
with this kit, PreMix 3 and PreMix 9 were selected for Echinacea pollen DNA
amplifications via PEP procedure. Subsequent AFLP reactions demonstrated that
pre-amplification with extra-long PCR procedure increased the sizes (>600 base
pairs) and numbers of AFLP markers (Fig. 1).
Significance to Industry: Coneflowers are important to the ornamental and
medicinal herb industries. The development of molecular analytical systems
for this plant will have significance to the nursery industry by increasing the
efficiency of developing new types. Since individual pollen grains have limited
amounts of DNA, the methods tested for the amplification of the pollen genome
via primer extension pre-amplification and subsequent molecular markers'
profiling will benefit the industry by reducing the costs of genetic analyses. This is
the first report of the use of these procedures for Echinacea. This is also the first
report on the production of AFLP markers from PEP products.
Literature Cited:
1.

Al-Atabee, J. S. and J. B. Power. 1990. Protoplast isolation and plant
regeneration in ornamental Compositae. Acta Horticulturae. 280:255-258.

2.

Aziz, A. N., J. E. A. Seabrook and G. C. C. Tai. 1999.Amplification of RAPD
markers from individual pollen grains of a diploid Solanum clone 9507-04.
American Potato Journal. 76:179-182.

3.

Barnes, W.M. 1999. FAQ sheet for Wayne Barnes' thermostable enzymes.
[Online] Available: http://mbb.wustl.edu/~barnes/faq.wpa [May 14, 2003].

4.

Foster, S. 1996. Echinacea- An herb for all seasons. Herbs for Health. Mar:
18-22.

Plant Breeding & Evaluation Section

489

SNA RESEARCH CONFERENCE - VOL. 48 - 2003
5.

Li-Cor Bioscience. Undated. IRDye™ fluorescenr AFLP® kit for large plant
genome analysis. [Online] Available: http://biosupport.licor.com/support/docs/
AFLP Manual.pdf. [May 14, 2003].

6.

Pietta, P, P. Mauri and R. Bauer. 1998. MEKC analysis of different Echinacea
species. Planta Medica. 64:649-652

7.

Vos, P., M. Zabeau, R. Hogers, M. Bleeker, M. Reijans, T. van de Lee, M.
Hornes, A. Frijters, J. Pot, J. Peleman, and M. Kuiper. 1995. AFLP: A new
technique for DNA fingerprinting. Nucleic Acids Research, 23:4407-4414.

8.

Zhang, L., X. Cui, K. Sciimitt, R. Hubert and W. Navidi. 1992. Whole genome
amplification from single cell: Implications for genetic analysis. Proc. Natl.
Acad. Sci. USA. 89:5847-5851.

Figure 1. Amplification of AFLP markers from individual pollen grains comparing
primer extension pre-amplification with and without the use of MasterAmp™
Extra-Long PCR (EPICENTRE®, Madison, WI) kit. (a): Only a few AFLP
markers are discernible over 400 bp size when standard primer extension preamplification (PEP) procedure is used. (b): Molecular size marker in base pairs'
units. (c): The sizes and the numbers of AFLP markers increased when PEP
reaction is conducted with extra-long PCR procedure.
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Molecular Variations in Goldenseal (Hydrastis canadensis)
Revealed by F-AFLP Fingerprinting
R. J. Sauve, S. Zhou and M. Mmbaga
Tennessee State University, Cooperative Agricultural Research Program,
3500 J. A Merritt Blvd, Nashville, TN 37209-1561
Index Words: medicinal herb, genetic diversity, breeding
Nature of Work: Goldenseal is a highly prized medicinal herb that has been
collected from the forests of Eastern North America for hundreds of years. It is a
small hairy shade perennial (6-14 inches) found in rich soils of open woodlands
in Eastern and Southern states of the US that emerges in early spring and dies
down in mid-August to mid-September (Hoffmann, 1995). After emergence,
flower buds quickly develop and small white flowers open as the leaves unfold.
The 5-7 lobed, palmate, double-toothed leaves are 3-12 inches wide and
3-8 inches long. Each plant can produce a single, green raspberry like fruit that
turns red and ripens in July. The rhizomes and roots contain large amounts of
alkaloids, berberine and hydrastine that have medicinal properties. As a botanical
supplement it is one of the top-selling herbs in health food markets. Because
of its high demands and unchecked collection of wild colonies this plant is
threatened (The Scientific Committee on the Status of Endangered Wildlife in
Canada (COSEWIC) (http://raysweb.net/specialplaces/pages/canada-es.html).
Herbalists use goldenseal's rhizomes and roots for it's anti inflammatory effect
and antibiotic-like actions. It is also used to threat a wide variety of ailments
such as diarrhea, eczema, eye inflammations, flatulence, gallbladder disease,
gastritis, giardia, hemorrhoids, impetigo, indigestion, gastrointestinal infections,
liver disease, excessive menstrual flow, mouth sores, rhinitis, ringworm, ulcers
and vaginal and uterine inflammation (vaginitis). Because berberine is a potent
antibiotic, it can protect against gram-positive and gram-negative bacteria such
as the tuberculosis bacterium.
The objective of this research was to determine the genetic diversity among
colonies of wild goldenseals for use in devising breeding protocols to improve the
berberine and hydrastine alkaloids content of progenies. AFLP evidence on the
genetic variation within and between different goldenseal ecotypes is presented.
Genetic characterization with molecular (DNA) markers is one of the most
reliable methods for providing reference data on genetic diversity of germplasm
collections.
Plant material. Plants were collected from 4 different locations (Georgia (HCGA,
and WCGA accessions) and Tennessee States (OCTN accessions), and from
a local breeder (SHF accessions)). All accessions were potted into #1nursery
gallons containing a peat-perlite mixture (1:1). After plants were established, leaf
tissue samples were collected from young leaves, frozen in liquid N2, ground to a
fine powder and stored at –70C until analyzed.
Briefly, genomic DNA was extracted from leaf tissue as follows: 100 mg of
frozen leaf powder was homogenized in 800 µl of CLS-VF and 200 µl PPS
Plant Breeding & Evaluation Section
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(FASTDNA Kit, B1010, Carlsbad, CA) homogenized for 20 s with a FAST
PREP FP120 (Savant) at speed setting #4. After centrifugation at 15,000 rpm
for 10 min, supernatants were transferred to columns (Dneasy Plant Minikit,
Qiagen, Valencia, CA) and eluted with sterile 65C ultra pure water. Resulting
DNA extracts were quantified by fluorometry using a DyNA Quant 200 DNA
fluorometer (Hoefer Scientific, San Francisco, CA) and stored at –20C until
needed.
For the AFLP analyses, pre-amplified PCR products were diluted 1:20 before use
for selective AFLP. All procedures for preselective AFLP were carried out AFLP
Core Reagent Kit (Invitrogen, CA). Selective AFLP analyses were performed with
a Small genome Primer Kit (GiBCORL, MD). All procedures followed Zhou and
Sauve (2002).
Data collection and analysis. Image data (16-bits) were automatically collected
and recorded at once during electrophoresis. AFLP fragments were scored,
analyzed and converted into numerical data using the Gene ImagIR software
(Version 4.02, Scanalistics) with the band detection parameter set at 8% of
maximum intensity. Following band filtration (>85bp), all markers were binned
with a 2.0 % tolerance, and scored as dominant markers. Similarity between
different accessions was measured using a similarity index (percentage
of shared fragments in the total number of fragments). Genetic distances
between accessions were estimated using the method of Neil and Li (11) and a
dendrogram was produced using the TreeCon Package single linkage clustering
method (Scannalist).
Results and Discussion:
Basic AFLP marker information and +3 primer screening. The WCGA-2 was used
to determine the number and size distributions of AFLP bands from 64 primer
combinations. Band numbers varied from 0-22, and the DNA fragments were
between approximately 35-650 bp. Clear separation of bands began with 50bp
fragments. Polymorphic fragments were distributed across the entire size range
with the major portion between 50-300 bp. Among the 64 primer combinations,
28 primer combinations produced the best result with more than 10 polymorphic
fragments that were capable to be scored (Table.1).
Genetic divergence analysis. The two OCTN accessions were mapped to be
basically identical in all the primer combinations tested (Fig.1). To confirm these
results, GIBCOBRL AFLP Analysis System I was used to test for similarities of
AFLP markers between genotypes. The average similarity between 2 genotypes
was 0.9425 (Table.2).
Georgia accession had higher genetic diversities based on banding patterns of
AFLP analysis than the two Tennessee accessions. The two accessions from
HCGA had a similarity index of 0.50 in the primer combination of M-CTT+E-AGG.
When compared with all other primer combinations, they had a difference greater
than 50%. In the three WCGA accessions, the WCGA 2 and 3 showed a 0.50
similarity index with the primer combination of M-CAC+E-AAA. All other primer
combinations yielded similarity index lower than 0.5. Among SHF accessions,
similarity indices were 0.67-0.75 between SHF1 and SHF2, SHF2 and SHF3,
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SHF1 and SHF3 with the primer combinations of M-CAC+E-AAA, and M-CTT+EACG. But the similarity was less between SHF1 and SHF2, SHF3 than between
SHF2 and SHF3 with the primer combinations of M-CAC+E-ACA, and M-CTT
+E-AGG.
Phylogenetic analysis among different ecotypes. To determine the genetic
distance among all accessions, AFLP profiles generated with the primer
combinations M-CAC + E- ACA, M-CAT+E-ACA, M-CTG + E – AGG, M-CTT+
E-ACG, and M-CTT +E –AGG were combined to generate the database. After
filtering out bands that were smaller than 85bp, the database was binned at
2% tolerance and exported in the TreeCon format. Single linkage clustering
analysis showed that the Tennessee accessions belong to only one cluster. They
have a bootstrap value of 927 out 1000. Accessions from Georgia felt into a
cluster with bootstrap value of 878 out of 1000. The SHF 2 and SHF3 were close
to Tennessee accessions, and the SHF1 was closer to accessions from Georgia.
Significance to the Industry: In H. canadensis there is ample genetic diversity
to launch breeding programs to improve their medicinal and ornamental
characteristics. The primary ornamental attribute of this species is its handsome
foliage for shaded gardens. Because these plants are rare, the demand for
goldenseal plants for herbalist is very high. In addition, this plant could be
cultivated in commercial nurseries between tree rows to provide additional
incomes while the tree crop is maturing.
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Table 1. AFLP fragment size distribution and band number (>80bp).
Band
AAA
number
Size
(bp)
M-CAA 0

AG

3
194-204
M-CAC 10
10
119-543 82-362
M-CAG 6
7
96-275 90-185
M-CAT 14
26
89-230 88-661
M-CTA
14
85-309
M-CTC 7
4
88-201 116-227
M-CTG 3
22
139-233 91-369
M-CTT 25
9
93-455 133-293

E-ACA

E-ACC

E-ACG E-ACT

E-AGC E-AGG

5
90-254
13
125-390
0

2
128-132
4
89- 173
3
81-160
8
81-639
9
90-249
4
127-204
2
113-139
13
94-375

7
99-132
10
83-167
17
77-600
10
83-327
14
81-561
19
81-585
8
97-251
19
93-474

4
155-292
8
88-291
0

4
81-264
9
90-235
5
85-242
16
91-364
16
99-460

0
6
84-259
7
101-389
15
84-284
15
81-498
3
120-266
8
94-388
21
93-364

0

4
269-311
10
107-197
9
16
101-241 90-455
6
11
83-483 97-471
11
6
91-406 81-127
14
16
100-360 92-364
14
17
98-428 97-419

Table 2. Genetic similarity between two OCTN goldenseal accessions.

E-AAA
E-AAG
E-ACA
E-ACC
E-ACT
E-AGC

*N/A: not available.
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M-CAT
N/A*
0.88
1.00
N/A
0.84
1.00

M-CTA
0.96
1.00
1.00
1.00
N/A
N/A

M-CAC
N/A
N/A
N/A
N/A
N/A
0.93

M-CAA
N/A
N/A
0.92
0.92
N/A
0.91
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M-CAC

M-CTG

M-CTT

M-CTT

E-ACA

E-AGG

E-ACG

E-AGG

Figure 1. AFLP profiles of goldenseal accessions (OCTN) collected in
Tennessee. The numbers at the bottom indicate similarity index. The numerical
numbers at the top indicates accession number. The numerical numbers on
the left side indicate molecular size (bp). The last three selective nucleotide
sequences indicate the primer combinations used.
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Variation in Ploidy Level Among Flowering Crabapples
Thomas A. Eaker, Thomas G. Ranney, Richard T. Olsen, and Joel A. Mowrey
North Carolina State University, Mountain Horticultural Crops Research and
Extension Center, 455 Research Drive, Fletcher, NC 28732
Index Words: Malus spp., flow cytometry, genetics, genome size, plant breeding,
polyploidy
Nature of Work: Ploidy level refers to the number of complete sets of
chromosomes that an organism contains. Plants with two sets of chromosomes
are referred to as diploid (2x), three sets triploid (3x), and so on with tetraploid
(4x), pentaploid (5x), hexaploid (6x), etc. Polyploidy (more than two sets of
chromosomes) is common in plants and has played an important role in plant
evolution (6). There are many opportunities for developing and utilizing polyploids
in plant improvement programs including overcoming barriers to hybridization,
restoring fertility in wide hybrids, developing sterile cultivars, enhancing flower
size, increasing heterosis and vigor, and improving pest resistance and tolerance
to environmental stresses (7). Although ploidy level can be determined by
counting chromosomes, flow cytometry provides a reliable and much faster
means for determination of nuclear DNA content and associated ploidy level
(1, 3). The objective of this study was to determine the approximate genome size
and estimated ploidy level of a diverse collection of flowering crapbapples.
Leaf samples were collected from flowering crabapples (Malus Mill spp.)
growing in an established field plot arranged as a randomized complete block
experimental design with three replications. Leaf samples were also collected
from an individual tetraploid tree of M. hupehensis R3T3-SF with a known
genome size of 2C = 3.46 pg (2) for validating our methodology. 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 µM filter and nuclei were stained with 1.5 mL 4',6-diamindino-2phenylindole (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. A minimum of 5,000 nuclei was 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 standard. Pisum sativum L. 'Ctirad', with a
2C DNA content of 9.09 pg, was used as the internal standard (4).
Results and Discussion: Our method estimated the 2C DNA content for Malus
hupehensis R3T3-SF to be 3.40 pg (Fig. 1), which was consistent with 3.46 pg
reported by Benson et al. (2) when determined using laser flow cytometry and
propidium iodide as a fluorochrome. Our methodology also resulted in little
experimental error with LSD 0.05 values among cultivars of only 0.10. There was
considerable variation in DNA content among the taxa surveyed (Table 1). Prior
reports have indicated that DNA contents for Malus spp. ranged from 1.2 - 1.85
for diploid, 2.07 - 2.73 for triploid, and 2.80 - 3.75 pg/2C for tetraploid apples and
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crabapples (2). Results from the taxa included in our survey were similar, with
DNA contents ranging from 1.52 to 1.82 for diploids, 2.40 to 2.62 for triploids,
and 3.36 to 3.74 pg/2C for tetraploids. Based on these ranges, we identified
43 diploid, 10 triploid, and 4 tetraploid crabapple taxa in this collection. Although
'Mary Potter' has been reported to be a triploid (5), we found our accession to
be a tetraploid. In most cases, ploidy levels of these specific taxa have not been
previously reported. However, variation in ploidy levels among Malus taxa has
been well documented and there can be natural variation in ploidy levels among
and within species (5), emphasizing the need for cultivar specific data. The large
number of triploids found in this survey was somewhat surprising. Although most
of these triploids produce fruit, they probably have little potential for breeding.
Seeds from these trees may be the result of apomixis or may have low viability
resulting from aneuploidy.
Significance to Industry: Information on ploidy levels of cultivars is extremely
valuable for use in plant breeding programs. Fertility, crossability, and heritability
of traits are all influenced by ploidy levels. This research provides information
on ploidy levels for specific cultivars of flowering crabapples and will allow for
more systematic and efficient progress in the development of improved flowering
crabapples.
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Figure 1. Histogram of relative DNA content of isolated nuclei for tetraploid
Malus hupehensis R3T3-SF (A), with a mean fluorescence of 100.33, and Pisum
sativum 'Ctirad' (B), with a mean fluorescence of 268.23.
Table 1. Approximate genome size and estimated ploidy level of Malus taxa
determined from flow cytometry analysis of isolated nuclei.

Taxa

Approximate genome
Size (pg)

tschonoskii (1998-242) Z
'Lanzam' (Lancelot®)
'Red Splendor'
'Molten Lava'
'Sutyzam' (Sugar Tyme™)
'Silver Dust'
'Indian Summer'
'Snow Drift'
'JFS-KW5' (Royal Raindrops™)
'Robinson'
'Sinai Fire'
'Centzam' (Centurion®)
'Donald Wyman'
'Prairifire'
'Schmidtcutleaf' (Golden Raindrops™)
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1.52 Y
1.61
1.67
1.67
1.67
1.68
1.68
1.68
1.68
1.69
1.69
1.70
1.70
1.70
1.70

Estimated ploidy
level
2X
2X
2X
2X
2X
2X
2X
2X
2X
2X
2X
2X
2X
2X
2X
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sieboldii 'Calocarpa' (1998-238)
'Canary'
'Adams'
'Professor Sprenger'
'Morning Sun'
'Pink Satin'
'Hargozam' (Harvest gold™)
floribunda (1998-199)
'Glen Mills'
'White Angel'
'Sentinel'
baccata 'Jackii' (1998-218)
'Luwick'
'Callaway'
'Mazam' (Madonna™)
'Dolgo'
'Baskatong'
'Liset'
'Narragansett'
'Louisa'
'David'
'Purple Prince'
'Jewelberry'
'Cinzam' (Cinderella®)
'Radiant'
'White Cascade'
'Doubloons'
'Ormiston Roy'
'Pink Princess'
'Adirondack'
'Silver Moon'
'Guinzam' (Guinevere®)
'Candy Mint'
'Camzam'(Camelot®)
'Prarie Maid'
'Kinarzam' (King Arthur™)
hupehensis (1998-205)
'Cardinal'
sargentii (1998-243)
'Mary Potter'
'Strawberry Parfait'
'Branzam' (Brandywine™)

1.71
1.71
1.72
1.72
1.72
1.72
1.72
1.72
1.73
1.73
1.73
1.73
1.74
1.74
1.74
1.74
1.74
1.74
1.75
1.75
1.75
1.75
1.76
1.76
1.77
1.78
1.78
1.82
2.40
2.48
2.51
2.52
2.53
2.54
2.57
2.59
2.61
2.62
3.36
3.37
3.46
3.74

LSD 0.05

0.10

Z

Numbers in parentheses are accession numbers.

Y

Values are means, n=3.
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2X
2X
2X
2X
2X
2X
2X
2X
2X
2X
2X
2X
2X
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
4X
4X
4X
4X
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Breeding Efforts in Cercis at North Carolina State University
Dennis J. Werner
Department of Horticultural Science,
North Carolina State University, Box 7609, Raleigh, NC 27695-7609
Index Words: Redbud, Cercis, Breeding
Nature of Work: The redbud, Cercis canadensis L., offers numerous possibilities
for genetic improvement and the development of new ornamental types.
Variation in the species is remarkable, including numerous leaf variants (purple,
variegated, glossy, and pubescent), male and female sterile forms, weeping
growth habit, double flowered forms, purple fruits, dwarf forms, flower color
variation, and variation in propagation potential via stem cuttings. This report
will describe our breeding experiences with redbud, and our general program
objectives. To date, we have focused our efforts on recombining through
classical hybridization the various mutations found in Cercis. We have focused
on the weeping growth habit found in 'Covey' (trademarked 'Lavender Twist'),
leaf variegation ('Silver Cloud'), purple leaf color ('Forest Pansy'), double flower
structure ('Flame'), white flower color ('Alba'), glossy leaf ('Texas White'), and
fruit pigmentation (C. canadensis var. mexicana). In addition to developing novel
ornamental cultivars, it is also our objective to determine the inheritance of these
mutant forms in Cercis, and thus contribute to the body of scientific knowledge
about the genetics of this species, as little exists at this time. Following is
a summary of some of our hybridization efforts and results derived to date,
organized by cultivar.
Results and Discussion: 'Alba' - This name is given to any of the white-flowered
forms present in the industry. Hybrids between 'Alba' and purple flowered forms
have given only pigmented progeny, demonstrating that white flower color is
recessive to purple.
'Forest Pansy' – 'Forest Pansy' is an interesting purple leaf cultivar with deep
purple flowers. The intense purple leaf color gradually fades as temperature
increases during the growing season, such that in late June to early July the
color has faded to a dull bronze in the Piedmont of North Carolina. We have
hybridized 'Forest Pansy' with green-leafed cultivars 'Covey', 'Alba', 'Silver
Cloud', and 'Texas White'. First generation progeny all show green leaves, but
typically possess greater than normal amounts of red pigmentation in stems
and leaf petioles. We have recovered purple leaf progeny in second generation
segregants, demonstrating genetic transmission of this trait. Microscopic
examination of leaves of 'Forest Pansy' has revealed that the purple pigment
is found only in the upper and lower epidermal cells, unlike purple leaf plums,
where the purple pigment is distributed throughout all of the leaf cell layers.
'Silver Cloud' – This cultivar is an interesting variegated leaf form. The pattern
and extent of variegation is variable from year to year, probably influenced by
environment and developmental stage of the tree and any particular leaf. Based
on our hybridization studies, the variegated character appears to be recessive
and simply inherited. Using 'Silver Cloud' both as a male and a female parent, all
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first generation offspring demonstrate normal green foliage. Second-generation
offspring derived from controlled crosses segregate for leaf variegation,
demonstrating genetic transmission and confirming that 'Silver Cloud' is not a
chimera. 'Silver Cloud' is slower growing than standard redbud, and seems to
show more extensive variegation when grown in partial shade. During periods of
cool weather, the variegation is accompanied by the development of red pigment
in newly emerged growth, providing a beautiful combination of colors.
'Flame' – 'Flame' is an interesting “double flowered” cultivar in which the flowers
contain about 20-25 petals, additional stamens, and typically a single, malformed
pistil. First generation hybrid plants derived from a cross of 'Flame' and 'Alba'
were double flowered, confirming dominance of the double flowered trait.
Interestingly, propagation of 'Flame' via semi-hardwood cuttings has proven to
be very easy, unlike most Cercis canadensis cultivars. F1 hybrid plants derived
from the 'Alba' x 'Flame' cross also have rooted easily, demonstrating genetic
transmission of rooting ability from 'Flame' to its offspring.
'Covey' (Trademarked as 'Lavender Twist') – 'Covey' is one of the two
interesting arching/weeping cultivars available in the trade. This cultivar, a true
C. canadensis type, has stems that show an interesting contorted, zigzag growth
pattern, adding to the unique architecture. Crosses of 'Covey' with standard
non-weeping redbuds gives rise to normal progeny in the first generation;
however, plants appear a bit weaker and slower growing than normal, and show
a tendency to exhibit a semi-pendant architecture. Second generation progeny
from these crosses will be obtained in fall 2003.
'Texas White' – 'Texas White' is a white-flowered cultivar of C. canadensis var.
texensis, possessing attractive, glossy, leathery leaves, and typical of variety
'texensis', showing a more compact growth habit. Botanical variety 'texensis'
appears to be sexually compatible with typical C. canadensis, as we have
successfully hybridized 'Texas White' with both 'Silver Cloud' and 'Forest Pansy',
with the long-term objective of developing variegated and purple-leafed forms
foliage forms possessing the compact growth, and glossy, leathery foliage typical
of botanical variety 'texensis'.
Significance to Industry: Results obtained from these efforts suggest that
the major phenotypic variants found in redbud are genetically transmissible
and simply inherited. The genetic information obtained and the controlled
hybridizations made to date should facilitate the development of new, novel
ornamental redbud cultivars for the nursery industry.
The financial assistance of the North Carolina Association of Nurseryman and the
North Carolina Landscape Association is sincerely appreciated.
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Prospects for Genetically Modified Ornamental Plants
Jeffrey A. Adkins, Dennis J. Werner, and Thomas G. Ranney
NC State University, Dept. of Horticultural Science, Raleigh, NC 27695-7609
Index Words: Genetic engineering, ornamental plants, breeding, transgenic
Nature of Work: The development of new and superior plants helps to stimulate
excitement and demand, improve competitiveness and profitability, and ultimately
deliver superior and more diverse products to consumers. Numerous sources
of novel traits have provided the current diversity in ornamental plants including
wild collections of whole plants and seeds, open-pollinated seedling selection,
random mutation, mutation breeding and conventional breeding. In the end,
the new plant source is significantly less important than its quality, uniqueness
and its ultimate marketability. There is little doubt that the long-term prospect for
developing novel ornamental plants using the previously mentioned methods is
excellent. In addition to the above, genetic engineering is fast becoming a focus
among some horticulture breeders following the success of numerous genetically
engineered agronomic crops.
Results and Discussion: In a broad sense, tissue culture was the first
significant contribution of biotechnology to horticulture and has been critical
to the advent of gene transfer technology. Genetic engineering has numerous
theoretical advantages over other plant improvement methods. For example,
specific traits can be inserted or modified in superior cultivars without altering
other desirable traits. Conventional breeding can be used to similarly modify
existing traits. However, seven to ten years are typically required to develop a
new plant with the novel trait (1). In addition, conventional breeding is limited
by the existing gene pool within a given species. Mutation breeding is useful for
introducing traits that do not already exist within a gene pool, but the process is
completely random necessitating the evaluation of large numbers of progeny.
Mutation breeding has, however, been used successfully with many ornamental
plants including roses, chrysanthemums, dahlias, begonias and carnations and
continues to be a viable method for ornamental plant improvement (2). Genetic
engineering, though, is not without limitations and is unlikely to replace more
traditional methods. More likely, it will become part and parcel of the overall
efforts in ornamental plant improvement programs.
Arguably the most significant limitation to fully using genetic engineering for
ornamental plant improvement is the cost associated with the technology.
These costs include time, facilities, personnel, and expenses for developing the
enabling technology for transforming new plants (e.g., regeneration methods,
gene discovery and isolation, etc.), licensing of existing technology, securing
regulatory approval, and the eventual development and evaluation of transgenic
plants. Numerous technologies necessary for genetic engineering are covered by
existing patents. In fact, a typical genetic engineering project resulting in a single
new plant could require the use of 17 patented technologies. The β-carotene
containing “Golden Rice”, an excellent example of the prohibition associated with
patented technologies, was created specifically to combat problems of vitamin A
deficiency in parts of Asia, Africa and Latin America (3). However, the potential
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health benefits of Golden Rice continue to be unrealized because patent rights
were not originally secured for the numerous technologies involved.
There are, however, a growing number of unpatented alternative technologies
that may make it more feasible for researchers to develop genetically engineered
minor crops including ornamentals. Among these are alternatives to the widely
used polymerase chain reaction (PCR) (4). In spite of these stated challenges
to genetically engineering ornamentals, numerous projects are underway within
both public and private institutions. Although the majority of these projects are
focused on herbaceous ornamental crops, some include woody ornamental
species as well (5). Herbaceous crops, especially those grown for cut-flowers,
are an obvious starting point for ornamental genetic engineering for several
reasons. One reason is a function of sheer volume. Herbaceous ornamental plant
species are sold in much greater numbers and are often exported worldwide
unlike most woody ornamental plants. This makes the potential short-term
return on investments much more likely. Also, systems for regenerating many
herbaceous plants from single cells, a process that is currently essential for most
transformation systems, are already in place. Numerous ornamental traits have
been targeted for modification through genetic engineering including cut-flower
vase life, extra flower petals, rose flower fragrance, flower color in forsythia and
numerous herbaceous plants, and enhanced plant architecture (5, 6, 7). Efforts
to engineer sterility in some woody ornamental plants have been reported.
Objectives of these efforts include preventing the spread of invasive woody
species, elimination of fruit litter on streets, parking lots and sidewalks and insect
and disease resistance (8).
Significance to Industry: Large numbers of new ornamental plants are
introduced each year serving to maintain or even bolster enthusiasm among
consumers. Sources of new plants are numerous each having its own distinct
advantages. Augmenting current plant improvement methods with genetic
engineering technologies should facilitate developing traits that would be
difficult or impossible to capture using more traditional methods. Insect and
disease resistance, increased environmental stress tolerance, adventitious root
formation in recalcitrant species, reduced invasiveness, reduced pollen and
allergen production, and improved floral and foliage characteristics are a few
possible targets in ornamentals (8). As this technology continues to develop and
becomes more affordable, it is inevitable that genetic engineering will impact
new ornamental plant development. Recent progress in genetically engineered
ornamentals, information sources and other possible target traits will be
discussed. Also, social, political and financial issues will be addressed.
Literature Cited:
1.

Fehr, W. R. 1991. Principles of cultivar development: theory and technique,
vol. 1. Walter R. Fehr, Ames, Iowa.

2.

Ahloowalia, B. S., and M. Maluszynski. 2001. Induced mutations: a new
paradigm in plant breeding. Euphytica 118:167-173.

3.

Ye, X. D., S. Al-Babili, A. Kloti, J. Zhang, P. Lucca, P. Beyer, and I. Potrykus.
2000. Engineering the provitamin A (β-carotene) biosynthetic pathway into
(carotenoid-free) rice endosperm. Science 287:303-305.

Plant Breeding & Evaluation Section

503

SNA RESEARCH CONFERENCE - VOL. 48 - 2003
4.

Landegren, U. 1996. The challengers to PCR: a proliferation of chain
reactions. Curr. Opin. Biotechnol. 7:95-97.

5.

Deroles, S. C., M. R. Boase, C. E. Lee, and T. A. Peters. 2002. Gene transfer
in plants, p. 155-196. In: A. Vainstein (ed.), Breeding for ornamentals:
classical and molecular approaches. Kluwer Academic Publishers, Boston.

6.

Rosati, C., A. Cadic, J. P. Renou, and M. Duron. 1996. Regeneration and
Agrobacterium-mediated transformation of Forsythia x intermedia 'Spring
Glory'. Plant Cell Reports 16:114-117.

7.

Zheng, Z. L., Z. B. Yang, J. C. Jang, and J. D. Metzger. 2001. Modification of
plant architecture in Chrysanthemum by ectopic expression of the tobacco
phytochrome B1 gene. J. Amer. Soc. Hort. Sci. 126:19-26.

8.

Brunner, A. M., M. R., R. Meilan, L. A. Sheppard, W. H. Rottmann, and S. H.
Strauss. 1998. Genetic engineering of sexual sterility in shade trees. Journal
of Arboriculture 24:263-272.

504

Plant Breeding & Evaluation Section

SNA RESEARCH CONFERENCE - VOL. 48 - 2003

Introducing 'Venus' Sweetshrub PPAF
Thomas G. Ranney and Thomas A. Eaker
NC State University, Dept. of Horticultural Science, Mountain Horticultural
Crops Research and Extension Center, Fletcher, NC 28732
Index Words: Calycanthus floridus, Calycanthus chinensis, Calycanthus
occidentalis, Sinocalycanthus chinensis, ×Sinocalycalycanthus, plant breeding
Nature of Work: The sweetshrubs (Calycanthus L./Sinocalycanthus W.C. Cheng
and S.Y. Chang) hold great promise as landscape shrubs offering fragrant
flowers, attractive foliage, broad adaptability, shade tolerance, and excellent
pest resistance. Although the different species and cultivars have merit in their
own right, the development of ×Sinocalycalycanthus Lasseigne and Fantz
'Hartlage Wine' demonstrated the potential for further improving sweetshrubs
through interspecific/intergeneric hybridization (1). This spectacular hybrid
combines many of the best qualities of both parents with large, maroon, winered flowers that open widely with a subtle fragrance. 'Hartlage Wine' roots
easily from cuttings and once established, plants can be very floriferous and
extremely showy. Our recent efforts have focused on developing a wider range
of sweetshrub hybrids with a greater diversity of desirable ornamental and
commercial characteristics.
Results and Discussion: Over the last few years, we have successfully
developed additional hybrids between Calycanthus chinensis W.C. Cheng and
S.Y. Chang. and Calycanthus floridus L. and new hybrids between Calycanthus
chinensis and Calycanthus occidentalis Hook. and Arn. Although most of these
hybrids are extremely infertile, we have been able to produce a limited number
of advanced generation hybrids that incorporate all three taxa. Many of these
hybrids are just now blooming for the first time and the range of characteristics
and the potential for new nursery crops is impressive. We selected one
exceptional new hybrid for release: Calycanthus 'Venus' PPAF.
There is ongoing discussion about the classification and nomenclature of the
Chinese wax shrub. Some consider that the proper classification is in the genus
Calycanthus (i.e., Calycanthus chinensis, W.C. Cheng and S.Y. Chang) while
another treatment placed it in a separate genus (Sinocalycanthus chinensis,
W.C. Cheng and S.Y. Chang). However, recent molecular phylogeny data (2) has
indicated that this species is genetically embedded among other Calycanthus
species providing strong justification to place the Asian species within the genus
Calycanthus. Based on this treatment, the proper scientific name for this hybrid
would be Calycanthus L. 'Venus'. If future taxonomic treatments place the
Chinese wax shrub into the genus Sinocalycanthus, then the proper scientific
name for this new hybrid would be: ×Sinocalycalycanthus Lasseigne and Fantz
'Venus'.
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'Venus' is a complex hybrid, developed at NC State University, with the following
pedigree (female parents listed first):
(Calycanthus chinensis x Calycanthus floridus 'Athens')
x
(Calycanthus chinensis x Calycanthus occidentalis).
The result is extremely unique for a sweetshrub. This medium-sized shrub
produces large, ivory yellow buds that transform into large, magnolia-like, white
flowers with yellow and purple infusions in the center (Fig. 1). The flowers have
an enticing fragrance with aromas of strawberries, melons, and spices. Flowering
is primarily in the spring, though additional flowers are produced throughout the
growing season. 'Venus' roots readily (>95%) from firm, subterminal, softwood
cuttings when treated with a basal dip of 5,000 - 10,000 ppm indole-3-butyric acid
potassium salt in water.
Significance to Industry: There are tremendous opportunities for the
development and improvement of new nursery crops through controlled
hybridization. 'Venus' sweetshrub demonstrates the potential for reinventing
sweetshrubs as mainstream nursery crops. Contact Thomas Ranney, tom_
ranney@ncsu.edu for information on availability.
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Figure 1. Flower bud and mature flower of 'Venus' sweetshrub (Calycanthus
'Venus) PPAF.
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Adventitious Shoot Regeneration from in vitro Cultured Leaf
Segments of Gloxinia sylvatica
Leopold M. Nyochembeng and Cecil T. Pounders
Mississippi State University, South MS Branch Experiment Station,
Poplarville, MS 39470
Index Words: Adventitious shoot, Gloxinia sylvatica, 2-Isopentenyladenine,
Mutation breeding
Nature of Work: The increasing desire for trouble-free, varied and attractive
forms of plants is an essential attribute of the ornamental industry. Gloxinia
sylvatica, a member of the family Gesneriaceae, is a dwarf perennial ornamental
grown as a potted plant or bedding plant in the flower garden. Most popular
cultivars are easy to grow, fairly hardy and relatively pest-free. In the South, their
bright orange/red flowers under short day conditions add color and beauty to
the flower garden during the cool season. Although G. sylvatica is well adapted
to edaphic conditions in the Gulf South due to its good root system, its genetic
variability is limited.
Our goal for improving G. sylvatica is to increase genetic variability that will
result in increased color variety of flowers and foliage. This could be achieved
through the use of in vitro procedures that stimulate induction of somaclonal
variation or by application of mutation breeding. In vitro procedures primarily
require identifying factors that facilitate rapid multiplication of propagules such
as adventitious regenerative methods including somatic embryogenesis or shoot
organogenesis. Rapidly multiplying propagules may also become more amenable
to induced genetic changes when subjected to the action of mutagens.
Young shoots with 4-5 leaves still attached were taken from a greenhouse
maintained stock of healthy plants and rinsed under running tap water for
2 h. The shoots were disinfested in 15 % commercial bleach (0.9 % NaOCl)
for 15 min followed by three rinses in sterile distilled water. The leaves were
detached and thin strips (3mm wide) were cut across the lamina from the base to
the tip. Three leaf strips were randomly selected and their adaxial side placed in
each plate (100x15mm) of medium comprised of B5 basal salt + 30g/L sucrose
and supplemented with 2iP {0 (control), 0.1, 0.3, 1.0, 3.0 and 10 mg/L} in a
completely randomized design with five treatment replications. Cultures were
kept at 25±2°C and 16/8h light/dark regime for 3 months during which growth,
dedifferentiation and development of adventitious shoots, roots and plantlets
occurred. Three months after culture initiation, adventitious shoots, roots and
plantlet counts were taken and subjected to the analysis of variance. Treatment
means were separated using Duncan's multiple range test at 5%.
Results and Discussion: In responsive cultures, multiple adventitious shoots
emerged mainly from the abaxial side of the leaf segments that were not in direct
contact with the surface of the medium. We did not find any significant difference
between the treatments however, cultures containing 2iP (0.3, 3.0 and
10.0 mg/L) showed higher numbers of regenerated shoots and plantlets
compared to the control (Fig. 1). There was a preponderant development of
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aerial roots in regenerated shoots irrespective of the cytokinin concentration
in the medium. These roots, which mainly grew out from internodal sections
and around the leaf axils of the stem, were negatively geotropic. Higher rates
of 2iP were more favorable to both shoot and aerial root production. Cultures
in which normal roots developed from the base of the shoots and grew into the
media produced more plantlets. The direct production of adventitious shoots in
G. sylvatica appears to be fairly facile as the plant is very responsive in tissue
culture. Such a system may also be suitable for genetic manipulation.
Significance to Industry: The development of a system that promotes
multiplicative and adventitiously regenerating propagules may facilitate the
application of tools that enhance genetic variation such as ionizing radiation or
induction of somaclonal variation. Such mutants or variants may display novel
ornamental qualities that may add value to the existing plant variety.

Figure 1. Development of adventitious shoots (AdSh), roots (AdRt) and plantlets
(Plts) in Gloxinia sylvatica leaf segments cultured in media containing 2iP for
3 months.
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Rudbeckia Taxa Evaluation
Amy Fulcher, Extension Associate-Nursery Crops,
University of Kentucky, Department of Horticulture
Winston C. Dunwell, Horticulture Extension Specialist,
University of Kentucky, Department of Horticulture
Dwight Wolfe, Research Specialist, University of Kentucky,
Department of Horticulture
Index words: Rudbeckia, native plant, landscape adaptability
Nature of Work: Rudbeckia taxa comprise a group of about 30 annual, biennial,
and perennial plants, all native to North America (1). Rudbeckia are in the
Asteraceae family and display the daisy-type disc and ray flower typical of that
family. They range in height from 6” for the smaller pot varieties to 80”. Many
Rudbeckia taxa, like R. hirta, tolerate dry conditions while others, such as
R. laciniata, prefer moist conditions (2). Rudbeckia are considered easy to grow
and thrive in full sun. Rudbeckia can be distinguished from other similarly shaped
flowers by their alternate leaves, yellow, rust, and/or orange ray flowers and
raised disc or “eye”.
Rudbeckia species and cultivars are valued native plants. In the last 5 years
landscape use of Rudbeckia fulgida var. sullivantii 'Goldsturm' (1999 Perennial
Plant of the Year) has become increasingly popular in residential and commercial
landscapes. The focus of this study was to evaluate several less common
Rudbeckia species and cultivars for landscape adaptability.
Four to six plants of each taxa were planted at the University of Kentucky
Research and Education Center in Princeton in the spring of 2002. Preen preemergent herbicide and Osmocote 15-9-12, 5-6 month release were applied
and plants were mulched. Plants were fertilized with Miracle Grow 15-30-15
at approximately 600 ppm nitrogen throughout the summer. The soil pH was
maintained at 7.0. The planting was irrigated with a drip tube and was irrigated
and weeded as needed. Plants were not staked or sprayed for diseases or
insects. The maintenance schedule was designed to simulate the conditions of
an average home landscape.
Data were collected approximately once per week from early June to late
September on first bloom, bloom color, individual bloom size, bloom coverage
(percent of the total plant covered by blooms), bloom period (weeks in bloom),
plant height, and plant width. Observations were made on insect and disease
incidence and cultural requirements, such as staking. Plants will be evaluated for
winter hardiness.
Results and Discussion: First year, preliminary data show that R. fulgida var.
sullivantii 'Goldsturm' bloomed for the longest period of time, 10 weeks (Table 1).
Rudbeckia fulgida 'Green Wizard' did not bloom at all.
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Rudbeckia hirta 'Autumn Colors', 'Prairie Sun', 'Goldilocks', and 'Cherokee Sunset'
had the greatest flower diameter.
Bloom coverage was not statistically significant, however, the averages ranged
from 31%-62%. Only Rudbeckia triloba and Rudbeckia hirta 'Sonora' had season
long bloom coverage averages above 50%.
Plant height on August 12th ranged from Rudbeckia hirta 'Toto Lemon' at
4.6 inches to Rudbeckia laciniata 'Herbstsonne' at 55.5 inches.
Plant width on August 12th ranged from Rudbeckia hirta 'Toto Lemon' at
4.6 inches to Rudbeckia laciniata 'Herbstsonne' at 43.8 inches.
Flower Observations: Rudbeckia hirta 'Prairie Sun' began the season with butter
yellow outer portions of the ray flowers and darker, golden yellow interior portions
of the ray flowers. The disc flowers began as a yellow-chartreuse color. As the
season progressed and seeds developed the disc color changed to brown,
altering the aesthetic qualities of the flower. Rudbeckia hirta 'Autumn Colors'
displayed variable flower color ranging from yellow to dark orange to rust colored
ray flowers. Flowering was variable on Rudbeckia laciniata 'Herbstsonne' with
just 2 of the 4 plants developing flower stalks and flowers. In the study R. fulgida
var. sullivantii 'Goldsturm' didn't have one of the highest bloom coverages but an
established planting nearby began blooming earlier and bloomed as late into the
season and appeared to have greater bloom coverage than the first year plants in
the evaluation.
Pest Observations: Shining flower beetles were identified on Rudbeckia hirta
'Cherokee Sunset' but did not cause damage. Japanese beetles, spittle bugs,
caterpillars, and cucumber beetles were noted on occasion but did not appear to
cause any noticeable damage. Rudbeckia triloba was the exception, sustaining
noticeable, yet minor damage from Japanese beetles. Soldier beetles, a beneficial
insect, were identified in large numbers on the flowers of several varieties.
In July several taxa began to display disease symptoms. On July 22 Rudbeckia
fulgida 'Green Wizard' and Rudbeckia hirta 'Goldilocks' were diagnosed with
rhizoctonia root and stem rot. All of the Rudbeckia hirta 'Goldilocks' and half
of the Rudbeckia fulgida 'Green Wizard' died. As the season progressed the
R. hirta Toto series and R. hirta 'Sonora' also succumbed to rhizoctonia. By the
end of September plants of Rudbeckia hirta 'Autumn Colors', 'Cherokee Sunset',
and 'Prairie Sun' had also died. Powdery mildew was noted on Rudbeckia hirta
'Autumn Colors' and Rudbeckia hirta 'Cherokee Sunset' in late August. Rudbeckia
fulgida var. sullivantii 'Goldsturm' was diagnosed with cercospora leaf spot in
October, after several rain events. The symptoms associated with the cercospora
were also present in April and May, during a period of wet weather.
Cultural and Environmental Observations: Rudbeckia laciniata 'Herbstsonne',
Rudbeckia subtomentosa, and Rudbeckia triloba needed to be staked, possibly
due to the high rate of nitrogen applied in the liquid fertilizer. In September
R. triloba and R. subtomentosa exhibited symptoms consistent with ozone
damage.
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Significance to the Industry: Identification of adaptable, attractive, native plants
can provide landscape contractors, designers, and retailers with an expanded
list of plants to market to the consumer as well as a wider selection of low
maintenance plants for commercial landscapes.
Appreciation is expressed to June Johnston and Hilda Rogers and to the
Kentucky Horticulture Council and the U.K. New Crops Opportunities Center.
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L.L.C., Champaign, IL.
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Table 1. First year results of the Rudbeckia taxa evaluation.
Cultivar

R. fulgida var. sullivantii
'Goldsturm'

Weeks in Flower
Bloom
Plant
Bloom Diameter Coverage Height
in.
%*
in.1
10.0
2.8
36
18.3

Plant
Width
in.2
27.5

8.5

4.4

46

16.9

23.6

8.5

4.2

40

24.9

22.8

Rudbeckia subtomentosa

8.0

3.3

41

45.3

48

Rudbeckia hirta 'Cherokee
Sunset'

7.5

3.9

46

23.9

26.5

7.3

3.1

55

10.3

11.7

6.7

2.6

41

7.6

9.3

Rudbeckia triloba

6.0

1.3

62

41

27.5

Rudbeckia hirta 'Toto
Lemon'

5.7

1.9

31

4.9

4.6

5.3

2.1

38

5.6

4.8

5.3

4.0

38

20.5

30

1.3

3.4

42

55.5

43.8

0

.

.

8.3

23.6

Rudbeckia hirta 'Autumn
Colors'
Rudbeckia hirta 'Prairie Sun'

Rudbeckia hirta 'Sonora'
Rudbeckia hirta 'Toto Gold'

Rudbeckia hirta 'Toto Rustic'
Rudbeckia hirta 'Goldilocks'
Rudbeckia laciniata
'Herbstsonne'
Rudbeckia fulgida 'Green
Wizard'
LSD (P=0.05)

*Not statistically significant

2.8

0.6

1

Average plant height including flower stalks taken August 12

2

Average plant width including flower stalks taken August 12
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Reproductive Behavior of Diploid and
Allopolyploid ×Chitalpa tashkentensis
Richard T. Olsen, Thomas G. Ranney, and Thomas A. Eaker
NC State University, Dept. of Horticultural Science, Fletcher, NC 28732-9244
Index Words: Polyploidy, Oryzalin, Flow Cytometry, Pollen Viability, Pollen
Germination, Fertility
Nature of Work: Plant breeders often utilize wide hybridization to combine
desirable traits among distantly related taxa. Wide crosses, either at the
interspecific, intersubgeneric, or intergeneric level, are often sterile as a result of
meiotic irregularities (e.g., pairing failure) during gametogenesis (2). In order to
further improve these hybrids this sterility barrier must be overcome.
The induction of polyploidy has been used to reestablish meiotic pairing and
restore fertility in wide hybrids (2). Chemicals that induce polyploidy, such as the
alkaloid colchicine, inhibit the formation of the spindle apparatus during mitosis,
allowing for replication of the DNA, but preventing cell division. The resulting cells
have additional sets of chromosomes and are referred to as polyploids. When
polyploidy is induced in wide hybrids (allopolyploidy), the doubling creates an
exact duplicate of the chromosomes from both parents, which facilitates proper
pairing during meiosis, gametogenesis, and restored fertility.
Although colchicine has traditionally been used as a doubling agent, safer,
more effective chemicals include mitotic inhibiting dinitroaniline herbicides, such
as oryzalin [4(dipropylamino)-3,5-dinitrobenzenesufonamide] (Surflan®) (5).
Although these herbicides have been shown to be effective in tissue culture
systems (3), the cost of micropropagation, and the lack of culture protocols for
many ornamentals, precludes this method for most nurseries and researchers
involved in plant improvement. The development of protocols for the rapid and
efficient induction of polyploidy in ex-vitro vegetative meristems could allow for
restoration of fertility in sterile hybrids and provide for newfound plant breeding
opportunities. Therefore, our objectives were to evaluate 1) the efficacy of
oryzalin as a chromosome-doubling agent, and 2) evaluate the fertility of induced
allopolyploids of ×Chitalpa tashkentensis Elias & Wisura.
The bi-generic hybrid ×Chitalpa tashkentensis (Catalpa bignonioides Walt. ×
Chilopsis linearis (Cav.) Sweet) was chosen as a model for this study due to its
known sterility (1), ease of propagation and growth, and the potential for further
breeding improvements. Thirty-two 1-quart (1-liter) plants were selected from
stock material at the Mountain Horticultural Crops Research Station, Fletcher,
N.C. Each plant was pruned to three, actively growing, indeterminate shoots.
Leaves were removed from the terminal end of the shoot to expose the apical
meristem, and the apical buds were treated with a saturated solution, 0.004%
(150 µM), of oryzalin for one of four durations: 0, 6, 12, or 24-hours. After growth
resumed, ploidy analysis was conducted using a flow cytometer (Partec PA
Ploidy Analyzer, Münster, Germany). The experimental design was a completely
randomized design with eight single plant replicates, with three subsamples
(treated shoots) per plant. Data were analyzed using regression analysis.
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Pollen viability was quantified using pollen staining and pollen germination
assays (4). Pollen was collected from diploid and allopolyploid ×Chitalpa and
both parent taxa, Catalpa bignonioides and Chilopsis linearis. Pollen was
collected at the time of anthesis and stained using Müntzings stain, 1:1 glycerol:
1% aceto-carmine, for three hours. Stained pollen grains were scored as viable.
Pollen germination tests were conducted using spot tests using BrewbakerKwack media with 10% sucrose for eight hours. Pollen with pollen tubes greater
than one-half the diameter of the pollen grain were scored as germinated. Pollen
analysis was conducted using a compound light microscope (Micromaster, Fisher
Scientific, Pittsburgh, PA) under 100x and 400x magnification. Eight replicates
were observed per viability and germination test, except for the mixoploid, where
n = 4. Due to uneven and non-overlapping flowering periods, data for both
staining and germination tests are presented as means and standard error of the
means only.
Results and Discussion: The duration of the oryzalin treatment had a significant
influence on the percentage of diploids, mixoploids, and mortality of shoot
meristems (Fig. 1.). As treatment duration increased the percentage of diploids
decreased and the percentage of mixoploids (up to the 12-hour duration) and
mortality increased. As duration increased beyond 12 hours, the percentage of
diploids continued to decrease, and the percentage of mixoploids decreased as
mortality increased. A few completely tetraploid shoots were found at the 24-hour
treatment.
In Catalpa and Chilopsis, pollen grains are united into tetrads with coarsely
reticulate areoles (2; personal observation). Both parent taxa exhibited good
pollen viability and germination, although pollen viability may have been
overestimated by the aceto-carmine stain (Table 1). In diploid ×Chitalpa, the
pollen grains form highly variable polyads, but rarely, if ever tetrads (2; personal
observation), indicating a high degree of sterility, which we confirmed using
pollen viability and germination tests (Table 1). Although most mixoploids
observed thus far have similar pollen characteristics as diploid ×Chitalpa and are
sterile (results not shown), one mixoploid produced viable pollen that germinated
in high percentages (Table 1). This mixoploid most likely represents a stable
cytochimera of the L2 histogenic layer. As of this time, our completely tetraploid
×Chitalpa have not flowered.
Significance to Industry: Oryzalin was effective at inducing a large percentage
of mixoploids across all treatments, which may, through selective pruning and
selection, be stabilized as tetraploids. Several completely tetraploid ×Chitalpa
were also induced. One induced mixoploid (2x + 4x) formed viable pollen grains
which germinated in vitro. These results demonstrate that oryzalin can be used
for inducing polyploidy in vegetative shoots and for restoring fertility in wide
hybrids, e.g. ×Chitalpa tashkentensis. The development of fertile allopolyploids
will allow for further development of new ×Chitalpa cultivars with greater pest
resistance, tolerance to environmental stresses, and improved ornamental traits.
Furthermore, this technique may be applied to other sterile hybrids, creating
exciting new breeding opportunities.
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Figure 1. Efficacy of oryzalin as a chromosome-doubling agent in ×Chitalpa
tashkentensis. Regression analysis: linear (L), quadratic (Q), and exponential (E)
at P < 0.05 (*), 0.01 (**), 0.001 (***) and nonsignificant (NS) levels. Symbols are
means (n = 8) ± 1 standard error of the mean.
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Table 1. Results of pollen staining and germination tests.
Pollen Textsy
Taxa

Ploidy

% Viability

% Germination

Catalpa bignonioides

2x

97.8 ± 0.2z

56.8 ± 3.1

Chilopsis linearis

2x

95.1 ± 0.3

64.3 ± 1.0

×Chitalpa
tashkentensis

2x

0.2 ± 0.8

0.1 ± 0.7

2x + 4x

84.1 ± 0.2

81.1 ± 0.8

y

Minimum pollen counted n = 100 per replicate for each test.

z

Means (n = 8, except mixoploid, n = 4) followed by ± 1 standard error of the mean.
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Reproductive Physiology and Breeding Behavior of
Lantana camara L. 'Miss Huff'
Vance Whitaker and Dennis J. Werner
Department of Horticultural Science, North Carolina State University,
Raleigh, NC 27695-7609
Index Words: Lantana camara L., breeding, cold-hardiness, sterility
Nature of Work: Lantana camara (common Lantana) is a tropical shrub that is
commonly used as an annual/tender perennial in landscapes. It is common in
the wild from Florida southward, and often considered an invasive weed in many
places. Lantana camara 'Miss Huff', discovered in 1986, is a very vigorous and
floriferous cultivar, commonly reaching 6 feet in height in one growing season.
It is regarded as the most cold-hardy cultivar in the trade. It is often reported in
the popular press as being a “sterile” cultivar and is promoted as a desirable
landscape cultivar because of its purported sterility.
Lantana camara exists as a polyploid series (2x to 6x) in the wild. The high vigor,
coarse leaf texture, and male sterility of 'Miss Huff' are suggestive of polyploidy.
Sanders (2) characterized the basic chromosome number of many species in the
genus Lantana. He reported that L. camara has a base chromosome number of
x = 11, with diploids, triploids, tetraploids, pentaploids, and even hexaploids being
found. The objective of this study was to investigate the reproductive physiology
and breeding behavior of 'Miss Huff' to confirm its male and female fertility
status, and to assess the potential for using 'Miss Huff' as a parent in a breeding
program aimed at developing cold-hardy Lantana cultivars.
Using a dissecting microscope, anthers and pistils of 'Miss Huff' were compared
with the sexual parts of other cultivars. Finding no abnormalities, pollen viability
of 'Miss Huff' was assessed using an in vitro germination test on Brewbaker and
Kwack media (1). Germination counts were made using a microscope. A pollen
grain having a pollen tube at least as long as the diameter of the pollen grain was
considered germinated.
Reciprocal controlled crosses between 'Miss Huff' and four other annual/tender
cultivars were made by first emasculating each flower in an inflorescence by
removing the corolla tube, to which the anthers are attached. A camel's hair
brush was used to transfer pollen from the anthers of the male to the stigmatic
surfaces on the female. Some inflorescences of each cultivar were self-pollinated
and then covered with glassine envelopes to determine the potential for selffertilization. Fruits were collected at maturity. Seeds were extracted from the fruits
and germinated in sterile soil-less media in the greenhouse. Chromosome counts
from immature flower buds of 'Miss Huff' were obtained through methods similar
to those outlined in Sanders (2). Young inflorescences were harvested from
plants around 9:00 a.m. and fixed in a modified Carnoy's solution (6 parts 95%
ethyl alcohol, 3 parts chloroform, and 1 part acetic acid). After 24 hours fixation,
young anthers were excised under a dissecting scope and placed in a drop of
acetocarmine on a slide. Anthers were subsequently squashed with a blunt tool.
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The cover slip was added and the slide warmed on a hot plate to intensify the
stain before applying more pressure to the cover slip. Slides were examined with
a compound microscope and chromosomes counted.
Results and Discussion: Microscopic investigation of flowers of 'Miss Huff'
revealed normal anther and pistil morphology. In vitro pollen germination tests
of 'Miss Huff' and 'Hot Country', a fertile cultivar, showed germination of 0.0%
and 9.7% for 'Miss Huff' and 'Hot Country', respectively, suggesting male
sterility of 'Miss Huff'. Male sterility was confirmed by hybridizing 'Miss Huff' as
a male parent with 4 other Lantana clones known to be female fertile; no fruit
set was obtained. Hybridizations with the same cultivars but using 'Miss Huff'
as the female parent were successful (Table 1), suggesting that 'Miss Huff' is
female fertile. Germination percentages of hybrid seed ranged from 28.6% to
61.7% between families (Table 2). Hybrid offspring from the five crosses were
established in the field and evaluated in the summer of 2002. Second generation
(F2) seed was obtained and germinated; F2 plants will be evaluated in summer
of 2003. No fruit were obtained from self-pollinations in any cultivar, suggesting
all cultivars are self-incompatible. A chromosome of count of 2n = 26 (x = 11 for
the species) showed that 'Miss Huff' is an aneuploid, possessing an unbalanced
number of chromosomes. Furthermore, chromosome pairing abnormalities were
observed at a high frequency in meiotic configurations. Aneuploidy and the high
frequency of observed chromosome pairing abnormalities in meiosis explains the
lack of male fertility of 'Miss Huff'.
Significance to Industry: Knowledge obtained in this study will be directly useful
in the breeding of new cold-hardy Lantana, using L. camara 'Miss Huff' as the
primary genetic source of cold hardiness.
Literature Cited:
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Table 1. Fruit per inflorescence obtained from controlled crosses using L. camara
'Miss Huff' as a female.z
Male parent
'Cherry'
'Hot Country'
'Desert Sunset'
'Honeylove'
'Confetti'

z

Fruit per inflorescence
1.1
1.2
2.9
0.0
3.2

Inflorescences contained an average of 30 flowers each.
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Table 2. Percent germination of hybrid seed derived from controlled crosses of
'Miss Huff' with 4 male parents, and of open-pollinated seed derived from 'Miss
Huff'.
Cross
'Miss Huff' x 'Cherry'
'Miss Huff' x 'Hot Country'
'Miss Huff' x 'Desert Sunset'
'Miss Huff' x 'Confetti'
'Miss Huff' open pollinatedz
Overall average

z

Germination (%)
61.7
56.0
32.4
28.6
30.0
45.9

Seed collected from plants of 'Miss Huff' at the J.C. Raulston Arboretum.
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Buddleja in Orange Tones: Interspecific Hybridization to
Incorporate Orange Flower Color in Potentially
Marketable Buddleja Cultivars
Scott E. Renfro and Jon T. Lindstrom
University of Arkansas, Dept. of Horticulture
Fayetteville, AR 72703
Index Words: Interspecific hybridization, RAPDs, Breeding, Buddleja,
Chromosome counting
Nature of Work: Buddleja L., or commonly known as the 'butterfly bush', is
a summer flowering, woody ornamental that has attracted the attention of the
retail and wholesale nursery industry because of its prolific fragrant flowers
and attractive foliage. Buddleja is a large genus consisting of approximately
125 species (4). Buddleja species are woody shrubs or trees of open sunny
habitats, often colonizing disturbed areas such as riverbanks, forest margins,
burnt scrub, limestone quarries, old walls, and on areas of exposed chalk (6). In
colder USDA zones, Buddleja species grow as vigorous herbaceous perennials.
In warmer USDA zones 7 and higher, they grow as woody shrubs. Some species
of Buddleja can reach heights of 30 m tall with a trunk diameter of 65 cm (2). In
the southern United States, Buddleja flowers on new growth beginning in early
summer continuing into the fall.
The purpose of this study was to incorporate orange flower color in marketable
Buddleja cultivars by hybridization. Today the most common species sold in the
industry is B. davidii Franch. It is a commercially valuable plant and is widely
promoted due to its robustness in the garden and reliable flowering. It has a
high landscape appeal due to its flowers, which range in color from white to
dark-purple. It has been an area of focus by some Buddleja breeders to develop
yellow flowering Buddleja with desirable ornamental characteristics. One hybrid,
B. x weyeriana Weyer ex Rehd. was created by Mr. Van de Weyer in 1914 (8).
This hybrid was considered to be a hybrid between B. globosa Hope., an orange
flowering Buddleja, and B. davidii var. magnifica (E.H. Wilson) Rehder & E.H.
Wilson, which is a violet-purple flowering Buddleja. This hybrid consists of flower
panicles intermediate between the two parents with yellow/orange flowers similar
to B. globosa yet borne on a denser panicle, which resembles B. davidii.
For this research, all crosses were performed by hand in a greenhouse. The first
cross was made on December 20, 2001 between B. madagascarensis Lam. and
B. crispa Benth.- and the second cross was made on April 15, 2002 between
B. stachyoides Vell. and B. tubiflora Benth. Both crosses have previously
been synthesized by Moore as described by Norman (4). Emasculation was
performed with tweezers preceding anthesis. Hybrid seeds were harvested and
subsequently germinated in the lab under fluorescent lighting. Seedlings were
then separated and transplanted individually into 2” pots and a cross number
assigned to each plant. All progeny were characterized based on morphological
measurements including corolla length and width and calyx length. F1 progeny
from each cross was evaluated during the first months of 2003.
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Results and Discussion: All F1 progeny from B. madagascarensis x B. crispa
and B. stachyoides x B. tubiflora exhibited inflorescence characteristics
intermediate between both parents (Table 1; Table 2).
Flower Characteristics: B. madagascarensis x B. crispa seeds were sown on
March 1, 2002 and flowering began on August 02, 2002. Under greenhouse
conditions, flowering continued from August through summer into fall. Unopened
flowers are light yellow (RHS 16D) in full balloon stage and flowers are single
(7). The acute to acuminate lobes are mainly yellow-orange (RHS 17B) on the
surface when fully opened. The pedicels are green.
B. stachyoides x B. tubiflora seeds were sown on May 22, 2002 and flowering
began January 7, 2003. Under greenhouse conditions, flowering starts around
June and can extend throughout summer into late fall. Unopened flowers are
orange-red (RHS 32A) in full balloon stage and flowers are arranged in a cyme.
The gamopetalous flowers are bright orange (RHS 24A) on the outside and deep
yellow within. The pedicels are green.
Chromosome Counts: Cuttings of hybrids were taken and placed under mist until
rooted. Chromosome counts were made from smears of root tips. The root tips
were pretreated in a saturated solution of paradichlorobenzene for 3 hours then
fixed in Carnoy's fluid for 24 hours and squashed in aceto-orcein as described
by Norman (5). Chromosome counts were made using a Nikon DIAPHOT-TMD
microscope. Pictures were taken using a Nikon N2000 camera mounted on
the front side of the microscope. Moore (3) reports that all four parents in this
research are diploids (2n=38). All F1 progeny examined were found to be diploid
(2n=38) as expected when crossing a diploid with a diploid.
Verification of hybridity: Randomly amplified polymorphic DNA (RAPD) markers
B6 and A13 (Operon, Almeda, CA) produced clear polymorphisms between
B. madagascarensis x B. crispa. RAPD markers A3 and C19 produced clear
polymorphisms between B. stachyoides x B. tubiflora. RAPD marker data
confirmed that the progeny from these two crosses were indeed hybrids.
Significance to Industry: The main purpose of this study is to incorporate into
marketable cultivars orange flower color not normally seen in Buddleja cultivars.
These hybrids may be suitable for outdoor use in USDA Zones 8 and south.
North of Zone 8 they would be useful for container or a tropical perennial.
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Table 1. Morphological measurements of B. madagascarensis x B. crispa.
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Table 2. Morphological measurements of B. stachyoides x B. tubiflora.
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