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Signiﬁcance to industry: Heat stress is a major factor limiting the growth
of turf grasses. This will continue to be the primary concern in turf grass
management as temperature increases with global warming. Many of the
favorable characteristics may currently exist in native plants; thus, the evaluation
of turf grass could prove a valuable approach and can expand the utility of these
cultivars for warm-season areas. In addition, the results from this research
can provide a technical guidance for seedling different cultivars according to
the maximum and minimum season temperatures. The cloned genes can be
incorporated into sensitive cultivars to expand their growth period.
Nature of Work: High temperatures cause changes in protein structures,
disabling them from carrying out their cell function (1). Elevated temperature can
accelerate senescence, diminish photosynthetic activities, and reduces yields
and quality (5, 6, 9).
The turf grass industry in United States continues to grow rapidly due to
strong demand for residential and commercial property development, rising
afﬂuence, and the environmental and aesthetic beneﬁts of turf grass in the
urban landscape. According to National Turf grass Evaluation Program (NTEP),
Bermuda grass is a warm-season grass while cool-season grasses include
perennial ryegrass, Kentucky bluegrass and bent grass. Most warm-season
grasses are heat-tolerant.
This study was performed to evaluate the heat tolerance of twelve different
cultivars of turf grass at Tennessee State University. Ten cultivars (1-10) were
supplied by National Turf grass Evaluation Program and two cultivars (11-12)
were natives to the State of Missouri. The twelve cultivars include Bentgrass
series, Agrostis palustris “Crenshaw” (1), “Penn links” (2); Kentucky blue series,
Poa pratensis “Ken blue” (3), “Midnight” (4); Perennial rye series, Lolium perenne
“Linn” (5), “Mach I” (6); Bermuda series, Cynodon dactylon “Yukon” (7), “Arizona
Common”(8); Creeping Bentgrass, Agrostis palustris “Jasper II” (9), “Boreal”
(10), Danthonia spicata “Silver Beard” (11) and Andropogon saccaroides “Curly
Oats”, also named “poverty grass” (12). 20 seeds were placed on ﬁve layers of
water soaked ﬁlter paper in each Petri dish. Three replicates were included for
each cultivar. There were three temperature treatments 25C, 30C, and 40C. The
number of seeds germinated in each dish were counted at three different days
over a period of twelve days. Germination rate (cumulative through time) was
determined for each cultivar at different temperature treatments. The results are
summarized in Table.1.
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Results and Discussion: Result from this study shows that seed germination
at different temperatures is dependent on the characteristics of the cultivars.
Curly Oats had very low germination rate under all temperature treatments
(Table 1). Only a few seeds germinated at 40C. No seeds germinated at 25 and
30C. Considering the seed coats may contain inhibitory materials to prevent
seed germination, we removed the seed coats and repeated the germination
experiment. However, the seed germination rate remained very low. For the two
warm season cultivars in the Bermuda series Yukon and Arizona Common, high
temperature is necessary for seeds to germinate. The seed germination rate was
very low at 25C and increased signiﬁcantly as temperature went up to 30 and
40C. For the cold season Kentucky blue series, cultivars of Kenblue and Midnight
are very sensitive to high temperature. Seeds germination rate decreased
signiﬁcantly when temperature increased to 30C and no seeds germinated at
40C. The Silver Beard from Missouri seems to be a cold season cultivar as the
seeds germinate well at 25C and very few seeds germinated at 40C. For the
perennial rye and Bentgrass, seeds of Penn Links germinated equally well at
25, 35 and 40.All the other cultivars including Crenshaw, Linn, Mach I, Jasper II,
Boreal are sensitive to heat. The seed germination rates were signiﬁcantly
decreased when the temperature increased to 35C and 40C.
To identify the molecular mechanism for heat tolerance, the two heat tolerant
cultivars Yukon and Arizona Common were selected to isolate heat inducible
genes using cDNA differential display techniques. Seeds were incubated at
28 and 37C for four days. When some seeds started to germinate, all the seeds
were collected, frozen in liquid N2 and used for extraction of total RNA. Single
strand cDNA was obtained by reverse-translation and ampliﬁed using arbitrary
primers from the RNAimage kit (Genehunter, Nashville, TN). The Polymerase
Chain Reaction (PCR) products were separated on a denaturing polyacrylamide/
urea gel. The signals were detected by scanning on a FMBIOIII Image Analyzer.
Bands present only after heat treatment or with increased intensity were
considered as partial fragments of heat inducible genes. The DNA bands were
isolated from the original polyacrylamide gel and re-ampliﬁed with the original
primer combinations. These PCR products were cloned onto PCR-Trap cloning
vector and sequenced. After database searches, genes that shares sequences
with ribulose 1, 5-bisphosphate carboxylase activase, thioredoxin, chloroplast
D1 proteins have been identiﬁed. Most of the gene fragments have very low
identity with database sequences.
Rubisco activase is an ATP hydrolyzing (ATPase) enzyme. It causes a
conformational change in the ribulose-1, 5-biphosphate carboxylase/oxygenase
(Rubisco) from closed to open form, from inactive to active state. The activity of
rubisco activase is temperature-dependent (4). Reducing the activity of rubisco
activase can cause reduction in photosynthesis (7). Ribulose 1, 5-bisphosphate
carboxylase activase has chaperone function and activity of ribulose 1,
5-bisphosphate carboxylase activase has been identiﬁed to be an important for
heat tolerance (3, 8). Thioredoxin (TRX) is a key protein of the cellular redox
metabolism. Increased production of thioredoxin is associated with increase of
resistance to oxidative stress, which can be induced by heat treatments and
other environmental changes. The up-regulation of these two genes may be
related to the tolerance to heat in the selected cultivars.
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Table 1. Seed germination at different temperatures.
cultivars
Bentgrass “Crenshaw”
Bentgrass “Penn Links”
Kentuky Blue “Ken Blue”
Kentuky Blue “Midnight”
Perennial rye “Linn”
Perennial rye “Mach I”
Burmuda Yukon
Burmuda Arizona Common
Creeping bent grass “jasper II”
Creeping bent grass “Boreal”
Danthonia spicata “Silver Beard”
Andropogon saccaroides “Curly Oats”

25C
10.0a*
60.0a
41.7a
48.4a
71.7a
68.4a
16.7a
6.7a
58.4a
66.7a
46.7a
0a

30C
62.3b
56.7a
23.4b
30b
58.4b
66.7a
40b
21.7a
56.7a
48.4a
26.7b
0a

40C
20.0c
56.7a
0c
0c
53.0b
51.7c
58.4c
40a
11.7c
38.4a
0c
13.35b

*Mean values within rows not carrying same letters are signiﬁcantly different at the 95% conﬁdence level
(t-test)
tt-test) using Student’s t-Test.
t
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Signiﬁcance to Industry: If our transformed tomato prove to be resistant
to bacterial plant pathogens, the protocol developed in this study for
tomato could be adapted to transformed important ornamental such as the
greenhouse geranium.
Nature of Work: A regeneration procedure has been established for the
regeneration of tomato (Lycopersicon esculentum Miller ‘Money-Maker’) from
explants of hypocotyls and cotyledons. Explants were dissected from seedlings
that were germinated on Murashige and Skoog (MS). All explants were plated
on Murashige and Skoog (MS) media supplemented with 0.1 mg/L of IAA and
1 mg/L of zeatin. These explants regenerated shoots within four weeks of culture.
For genetic transformation, all explants were inoculated with Agrobacterium
tumefaciens EHA105 harboring a binary vector for the wheat Oxalate oxidase
gene (pVSPB-OxO). Transgenic shoots were regenerated on a selection medium
that contained glufosinate ammonium. Transformation events were conﬁrmed
through PCR and DNA sequence analysis.
Oxalate oxidase catalyses the conversion of oxalate and dioxygen to CO2 and
H2O2. Hydrogen peroxide has been reported to be involved in plant defense
responses. It mediates the cross-linking of lignin and proteins during cell wall
modiﬁcation and participates in signal transduction pathways to regulate gene
expression. Hydrogen peroxide is also involved in cellular processes that cause
hypersensitive cell death and systemic acquired resistance. It can also function
as antimicrobial agent by directly inhibiting pathogen development. Changes in
enzyme activity of oxalate oxidase are related to plant development, pathogen
infection and environmental stresses. Increased activity of oxalate oxidase has
been detected in barley seedling roots and in leaves of mature plants following
powdery-mildew infection (Zhou et al., 1998).
The objectives of this project were: 1) to develop a transformation system for
tomato; 2) to transform tomato with the wheat oxalate oxidase gene (OXO);
and 3) to test the transgenic plants against different pathogens, esp. Ralstonia
solanacearum. Ralstonia solanacearum race 3 is listed as bioterroristic agents
by the United States Department of Agriculture. The development of transgenic
tomato resistant to R. solanacearum would beneﬁt both growers and consumers.
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Plant material preparation procedures. Tomato CV Money-Maker seeds were
surface sterilized by submersion for 8 minutes in a solution containing 6%
sodium hypochlorite and 0.1% Tween and rinsed 3 times in sterile distilled water.
Surface-sterilized seeds were germinated in magenta boxes containing MS
medium (5) solidiﬁed with 0.8% agar. Ten days after germination, cotyledons
and hypocotyls explants were dissected and cultured on the same MS medium
supplemented with different combinations of growth regulators.
In vitro regeneration from explants of hypocotyls and cotyledons on ﬁve different
regeneration media. For callus and shoot formation, hypocotyls and cotyledons
explants were cultured on MS basic media supplemented with 3% sucrose,
0.8% agar and with 5 different combinations of growth regulators. The pH of
all media used was adjusted to 5.8 with NaOH before autoclaving. All cultures
were incubated in a growth chamber at 25°C, 16h/8h (L/D) photoperiod (white
ﬂuorescent tubes-2000 lux at the plant level). They were sub-cultured to fresh
media at 3 weeks intervals.
Bacterial strains and plasmids. For genetic transformation, explants from
cotyledon and hypocotyls were inoculated with A. tumefaciens EHA105 harboring
vector pVSPB_OxO.
Agro-bacterium-mediated transformation. Cotyledon and hypocotyl explants
were harvested and pre-cultured for 24 hours on a MS medium supplemented
with 0.1 mg/L of indoleacetic acid (IAA) and 1 mg/L of zeatin. After pre-culture,
explants were cut along the mid-vein and submerged for 5 minutes in the
bacterial suspension (A.
A. tumefaciens in MS salt, pH 5.4-5.5). Infected explants
were blotted on sterile ﬁlter paper to remove excess solution and co-cultivated
for 48-72 hours on the pre-culture medium to allow time for A. tumefaciens to
transfer the engineered DNA into the wounded explants. These explants were
then transferred to a fresh MS medium supplemented with 0.1 mg/L IAA, 1 mg/ L
zeatin, and 500 mg/L carbenicillin. These explants were subsequently subcultured every two weeks in the same medium.
Determination of herbicide selection concentration and selection of transgenic
plants. Transgenic shoots were regenerated on selection media that contained
glufosinate ammonium (Sigma, St Louis, MO). To determine the threshold levels
for the selection of glufosinate ammonium resistance (bar gene), untransformed
explants were plated on 7 regeneration media that contained one of the following
concentrations of glufosinate ammonium: 10 mg/L, 20mg/L, 40 mg/L, 50 mg/ L,
60 mg/L, 80 mg/L, 100 mg/L. The selection criterion used was the lowest
concentration of glufosinate ammonium that caused explants to become chlorotic
within 4 weeks. This study indicated that 20 mg/L glufosinate ammonium
was optimum concentration of glufosinate ammonium for selection of tomato
explants. To select for transformation events, putatively transformed explants
were incubated on the selection media for 25 days. Surviving calli were then
transferred to a MS medium supplemented with 250 mg/L carbenicillin, 1 mg/L
zeatin, 0.5 mg/L zeatin riboside, 2 mg/biotin and 20 mg/L glufosinate ammonium
for shoot regeneration and elongation and sub-cultured at 2 weeks intervals.
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PCR Screening of putatively transformed plants and sequence of PCR
product. The polymerase chain reaction (PCR) was performed to determine
the presence of the foreign gene in putatively transformed plants. Genomic
DNA was isolated from leaf tissues of both putative transgenic and untransformed plants using the DNeasy Plant Mini Kit (Qiagen, CA). Because the
tomato genome contains oxalate oxidase gene sequence, a PCR primer were
designed to cover the partial sequence of 5’-terminal of the oxalate oxidase
gene and the terminator sequences in the pVSPB_OxO vector. These primers
only allow for the ampliﬁcation of PCR products found in transgenic plants.
These primers are 5’-CTCCTTCAACAGCCAGAACC -3’ (forward) and 5’CCCCAGCTTTTTAAGCCTTT-3’ (reverse). Each PCR reaction mixture (25ul)
contained 12.5ul Fideli Taq master mix (2X, USB Corporation, Ohio), 3 nmol
primers each, 3ul template DNA and 3.5ul distilled water. The PCR ampliﬁcation
program is presented on Table 1. The PCR products were separated in 1%
agarose gels and observed under UV light. The DNA from the agarose gel were
puriﬁed and cloned onto T/A cloning vector (Promega, MD). DNA sequence
analysis were performed on an Avant 3100 DNA sequence analyzer using a
Bigdye Terminator V.3.1 kit (Applied Biosystem, CA).
Results and Discussion: A transformation procedure for tomatoes was created
and the oxalate oxidase gene was incorporated into tomato. Transgenic plants
were regenerated from hypocotyls and cotyledon explants.
Callus induction and shoot regeneration from hypocotyls and cotyledons.
Shoots were regenerated from hypocotyls and cotyledons of 10 day old tomato
seedlings. After 4 weeks of culture, 3 different combinations of cytokinins
and auxins yielded more shoots than hypocotyl explants than on others. In
general, the combination of zeatin and IAA was better for shoot production
than combinations of benzyladenine (BA) and 1-napthaleneacetic acid (NAA).
Media that contained BA and IAA were better for root induction and those with
Zeatin and NAA yielded calli and few shoots. Media containing a combination of
0.1 mg/L of IAA and 1 mg/L of zeatin yielded the highest number of shoots from
cotyledon explants (Table 2). Similar results were obtained by Park et al (7).
However, our results differ from a previous study where shoot organogenesis
was induced by BA (6).
Selection of putative transformed shoots. Two different methods were used
to select putative transgenic explants. The ﬁrst method consisted of plating
inoculated explants directly, after 48 hours of co-cultivation, on the selection
medium. The second method consisted of plating the inoculated explants on the
regeneration medium (without the selection agent) and sub-culturing them on the
selection medium after explants began to regenerate. The later approach was
more efﬁcient than the ﬁrst one. However, some of the shoots became chlorotic
after one week on the selection medium. These explants were not transformed
(Table 3). Shoots that survived on the selection medium were considered putative
transgenic plants.
PCR conﬁrmation of transgenic plants. PCR analysis was performed with
11 different putatively transformed shoots. These putatively transformed plants
displayed a DNA band of 120bp on the agarose gel while non-transformed plants
did not (Fig.1).
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Conﬁrmation of transgenic plant with DNA sequence analysis. Sequence analysis
of cloned PCR fragments was carried out to further conﬁrm the transgenic
events. Results of this analysis showed that all events matched with the DNA
sequence that covered the region of the PCR primers in the vector. These results
proved our conclusion that the foreign Oxalate oxidase gene was incorporated
into this group of plants .
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Table 1. Cycle settings used for PCR screening.
Thermal settings

Cycle No.

95°C, 10 min

1

94°C, 30s; 56°C, 60s;72°C,60s

30

72°C, 10min

1
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Table 2. Response of tomato explants to MS basic media supplemented with
different combinations of plant growth regulators.
1mg/l
zeatin
0.2mg/l
IAA(C)

1mg/l
zeatin
0.2mg/l
NAA(D)

1mg/l
zeatin
0.1mg/l
IAA(E)

Explants
type

1mg/l BA
0.2mg/l
NAA(A)

1mg/l BA
0.2mg/l
IAA(B)

Cotyledons

less shoots

induce roots more shoots calli

more shoots

Hypocotyls

less shoots

induce roots less shoots

less shoots

calli

Table 3. Transformation efﬁciency with different explants.

Plasmid
pVSPB_OxO

No. of innoculated Percentage of
Type of explant explant
regenerated callus (%)
Hypocotyls

36a*

30.1a

Cotyledon

86b

25.6a

*Mean values within columns not carrying the same letter are signiﬁcantly different at the 95%
conﬁdence level (t-test)
tt-test) using Student’s t-Test.
t

Figure 1. PCR analysis for the presence of pVSPB_OxO plasmid. C, control
untransformed tissue; 1-11, plant transformed with pVSPB_OxO plasmid.
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Development of Novel Buddleja Hybrids
Using Genetic Manipulation
Bruce L. Dunn and Jon T. Lindstrom
University of Arkansas, Dept. of Horticulture,
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bldunn@uark.edu
Index Words: Chromosome doubling, Oryzalin, Buddleja, Breeding
Signiﬁcance to Industry: The main purpose of this study is to incorporate
orange ﬂower color into a marketable Buddleja cultivar that will also maintain the
non-dehiscent capsule fruit characteristics typical of species in section Nicodemia
(Tenore) Leeuw. These hybrids should be suitable for outdoor use in USDA
Zones 8 and south.
Nature of Work: Chromosome numbers in the genus Buddleja L. are based
on multiples of 19 and range from 2n=2x=38 to 2n=16x=304 (2). Most Buddleja
species such as B. madagascarensis Lam. and B. crispa Benth., are diploid
(2n=38), while almost all of the nursery cultivars such as B. davidii Franch. are
tetraploid (2n=76). When tetraploid species are crossed with diploid species
the resulting progeny are expected to have low fertility due to unbalanced
chromosomes (2).
Breeders have overcome this problem through the use of chemical mutagens
such as oryzalin and colchicines. These mutagens allow for ploidy manipulation
and thus the ability to equalize the chromosome numbers of plants used in
hybridization experiments. By manipulating chromosome numbers, the new
plants often have increased ﬂower and leaf sizes, variability in ﬂower color, larger
stomata, shortened internodes, and restored fertility (3). Dunn and Lindstrom
(1) showed that these same characters could be seen when oryzalin was used
to double the chromosomes of an orange-ﬂowered diploid interspeciﬁc hybrid
(B.
B. madagascarensis × B. crispa) as described by Renfro (4). Flow cytometry
was used to conﬁrm induction of tetraploidy and six plants exhibited phenotypic
characteristics of polyploidy. These induced tetraploid hybrids were then crossed
to B. davidii v. nanhoensis ‘Alba’ (Chitt.) Rehd. and B. davidii v. nanhoensis
‘Mongo’ with the hope of obtaining viable progeny between an orange
interspeciﬁc hybrid and a B. davidii cultivar.
Results and Discussion: A number of controlled crosses using the orange
tetraploid hybrids (B.
B. madagascarensis × B. crispa) were successful (Table 1).
The induced tetraploids were labeled “C, F, G, H, J, and K respectively”.
Crossing began 4 August 2005 and continued through 29 September 2005.
Flowers were emasculated prior to anthesis using tweezers, and pollination
occurred once a day for 3 days after emasculation. Seeds were collected as they
matured, and sown in pots using a 1:1 ratio of Fafard #2 (Portland, Ore.) mix and
perlite that was had been autoclaved and pretreated with boiling water. Pots were
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placed in a Park Seed Biodome™ (Greenville, S.C.) until the seeds germinated.
Mature seedlings were then transplanted into a 0.95-L pot then ﬁeld planted the
ﬁrst of June.
Crosses made among the tetraploid hybrids did not result in any viable seedlings.
Neither set of reciprocal crosses using the diploid hybrid with B. davidii v.
nanhoensis ‘Alba’ and B. davidii v. nanhoensis ‘Mongo’ resulted in any viable
seedlings. Reciprocal crosses using the tetraploid hybrids as both males and
females were successful in some crosses such as “K” ×B. davidii v. nanhoensis
‘Alba’ and “C” × B. davidii v. nanhoensis ‘Alba’; however, the reciprocal crosses
of B. davidii ‘Alba’× “H” and B. davidii ‘Alba’ × “F” were not successful. As
expected, crosses where the B. davidii cultivars were the female parent resulted
in signiﬁcantly more viable offspring. Leaf morphology of these newly developed
hybrids seems to resemble the tetraploid hybrid.
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Table 1. Crosses made between the tetraploid interspeciﬁc hybrid
(B.
B. madagascarensis × B. crispa) with B. davidii v. nanhoensis ‘Alba’ and
B. davidii v. nanhoensis ‘Mongo’. Number of progeny were the result of using
three to seven ﬂowers per cross.

Cross

Crossing
Date

Seed Planting Number of
Date
Progeny

K x B. davidii v. nanhoensis ‘Alba’

8/4/2005

11/1/2005

4

B. davidii v. nanhoensis ‘Alba’ x K

8/28/2005

12/15/2005

2

C x B. davidii v. nanhoensis ‘Alba’

8/28/2005

12/20/2005

1

B. davidii v. nanhoensis ‘Alba’ x H

9/4/2005

12/11/2005

2

J x B. davidii v. nanhoensis ‘Alba’

9/4/2005

12/11/2005

2

B. davidii v. nanhoensis ‘Alba’ x F

9/20/2005

12/15/2005

19

G x B. davidii v. nanhoensis ‘Alba’

9/25/2005

1/6/2006

1

F x B. davidii v. nanhoensis ‘Mongo’

9/26/2005

1/6/2006

2

B. davidii v. nanhoensis ‘Mongo’ x C

9/29/2005

1/8/2006

30

B. davidii v. nanhoensis ‘Alba’ x C

9/29/2005

1/6/2006

20

566

Plant Breeding & Evaluation Section

SNA RESEARCH CONFERENCE - VOL. 51 - 2006

Practical Applications of AFLP
Markers in Plant Industry
R. Harrison1, A. Aziz1, C. Catanzaro1, R. Sauve1 and S. Singh2
1
Institute of Agricultural and Environmental Research
2
Department of Agricultural Sciences,
Tennessee State University, Nashville, TN 37209
aaziz@tnstate.edu
Index Words: Coneﬂower, Echinacea, Rose, Rosa, Molecular Markers, DNA,
PCR, Restriction Enzymes, DNA Sequencer
Signiﬁcance to Industry: Ampliﬁed fragment length polymorphism markers
are a highly speciﬁc tool for plant identiﬁcation at the molecular level. The DNA
ﬁngerprint unique to each plant type can be used for patent protection and to
identify DNA markers associated with desirable traits for plant breeding. The
total cost for AFLP analysis was estimated to be $500-$600/sample. Cost
determinations of AFLP analysis are useful for industry personnel who are
considering use of this method for plant typing.
Nature of Work: Ampliﬁed fragment length polymorphism (AFLP) is a widely
used DNA ﬁngerprinting procedure that takes advantage of the polymerase
chain reaction (PCR) to amplify a set of DNA fragments generated by restriction
digest from DNA samples (8). Typically, the choice of ﬁngerprinting technique
used depends on: 1) the application, and 2) the resources available. No single
ﬁngerprinting technique is ideal for all applications, but AFLP is becoming the
tool of choice for many applications. Potential use of AFLP in the plant industries
includes screening of DNA markers linked to genetic traits, forensic genotyping,
and diagnostic markers for pathogens. Since AFLP can be applied to a wide
variety of organisms with no prior sequence information, this technique has the
potential to become a universal DNA ﬁngerprinting tool. AFLP analysis of rose
(Rosa spp.) and coneﬂower (Echinacea spp.) were conducted not only to become
familiar with the techniques involved, but also to generate data to estimate the
actual cost of generating markers for use in commercial applications.
Coneﬂower is an important herbaceous perennial used as a landscape plant
and medical herb in the U.S. Consumers spent more than $12 billion on natural
supplements in 2000; and sales of natural supplements are increasing by more
than 10% yearly. Coneﬂower is the ﬁfth highest selling herb. Three species of
coneﬂower, namely E. angustifolia, E. pallida, and E. purpurea are commercially
grown as herbs due to their immunostimulatory, antiviral, antibacterial and
anti-oxidative properties. A detailed characterization of genetic diversity within
and between coneﬂower species is important for breeding programs that
use AFLP analysis. AFLP analysis was found to be a signiﬁcant predictor of
phytochemical markers in cultivated E. purpurea germplasm and in some related
wild species (1).
Domestic consumption of cut roses exceeded 900 million ﬂowers in 2000, with a
market value near $270 million. Previous work demonstrated high polymorphism
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and good stability of AFLPs among rose cultivars (3,9,10). Furthermore, using
AFLPs, varieties from breeding selections were easily identiﬁed, although
differences were minimal between sports and their parent varieties. Compared to
conventional selection methods, the use of molecular markers can save time and
development costs in plant breeding. AFLP markers associated with desired traits
can be used in breeding protocols for developing new varieties.
Results and Discussion: For DNA extraction DNeasy plant mini extraction
kit, (QIAGEN, Santa Clara, CA) and a Bio 101 Fast Prep, (Q. biogene, Irvine,
CA) were used. AFLP markers were used to produce a genetic ﬁngerprint of
coneﬂower and rose. To obtain the markers, DNA was extracted and cut with
a combination of two restriction enzymes, a rare cutter MseI and a frequent
cutter EcorI to produce well deﬁned restriction fragments with sticky ends.
Then synthetic double stranded linkers of approximately 18 to 20 bp with
matching sticky ends were ligated on all restriction fragments. Ligated fragments
were subsequently ampliﬁed in PCR with 18 to 20 nucleotide-length primers
recognizing linkers at all fragments. Finally, selective primers were used to allow
speciﬁc screening of up to 3,000 sets of fragments in the plant DNA. Each set
can produce a ﬁngerprint of 50-100 fragments; thus a much larger proportion
of the genome can be scanned more rapidly than with any other marker
methodologies. The sequencing gel was calibrated and scored using Saga™
software (LI-COR, Lincoln, NE).
In addition to conducting the AFLP work, the cost of conducting AFLP
ampliﬁcations and sequencing gel analyses was determined. Costs included
all reagents, consumables, overhead, and equipment, including depreciation.
This report presents the cost of AFLP analysis on a per sample basis, assuming
50 extractions per AFLP analysis kit.
Data generated from each step of the DNA analysis were used to compute the
cost of running AFLP on a per sample basis. The total cost estimate for AFLP
was $500-$600/sample. AFLP methods produce a unique genetic proﬁle for
each variety, thus enabling the owners of patent rights for a variety to protect
the investment made for cultivar evaluation, registration, release, and marketing
(2,3,4,5,6,7).
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Figure 1. DNA proﬁle of a rose accession analyzed on 6.5% polyacrylamide
sequencing gel. Saga™ gel analysis software (LI-COR, Lincoln, NE) was used
to score DNA markers, which are discernable as distinct bands. The vertical blue
lines were created by Saga software™ to demarcate sample lanes in the gel for
subsequent scoring of each DNA marker.
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Production and Veriﬁcation of Hybrids from
Hydrangea macrophylla × H. angustipetala and
H. macrophylla × Dichroa febrifuga
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Signiﬁcance to Industry: Hydrangea macrophylla (Thunberg) Seringe is one
of the most important ﬂowering shrubs grown in the U.S. Sales of new cultivars
such as Endless Summer™ (‘Bailmer’) have surpassed three million plants
since the initial release in 2004. New sources of genetic diversity and unique
characteristics are needed in future cultivars to sustain the current volume of
sales. Hydrangea angustipetala Hayata and Dichroa febrifuga Loureiro are two
sources of genetic diversity and unique characteristics for incorporation into
H. macrophylla.
Nature of Work: Past breeding efforts in H. macrophylla have focused mainly
on the production of cultivars for the pot-plant market. The introduction of
remontant (reblooming) cultivars such as Endless Summer™ has increased
the presence of hydrangeas in American commerce and gardens. The
genetic diversity among H. macrophylla cultivars is considered small due to
the restricted native distribution and multiple breeding programs that utilized
the same taxa and employed similar breeding goals (Haworth-Booth, 1984).
There are only a few reports of introduction of wild-collected germplasm. Most
of the breeding in the early 1900s took place using these introductions, and
therefore, the majority of the over 500 extant cultivars originated from these
few early introductions. Increasing genetic diversity through interspeciﬁc
and intergeneric hybridizations will allow development of unique cultivars.
Two promising species are H. augustipetala and D. febrifuga. Hydrangea
angustipetala, also listed as H. scandens subsp. angustipetala (Mallet, 1994)
and H. scandens subsp. chinensis (Dirr, 2004), ﬂowers nearly a month before
H. macrophylla and has been more resistant to powdery mildew than the latter
species (personal observation). Dichroa febrifuga has been placed as a sister
taxon to H. macrophylla (Soltis et al., 1995). Dichroa is evergreen and produces
vibrant blue fruits, rather than the unattractive green aging to brown dry capsules
common to H. macrophylla. Dichroa febrifuga has also shown resistance to
powdery mildew (personal observation). Use of these species to develop new
cultivars could potentially lead to improved disease resistance, evergreen nature,
and earlier ﬂowering season.
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The objective of this research was to assess the compatibility of interspeciﬁc
crosses between H. macrophylla and H. angustipetala and intergeneric crosses
between H. macrophylla and D. febrifuga.
Interspeciﬁc reciprocal crosses were made using several cultivars of
H. macrophylla crossed with one genotype of H. angustipetala. Intergeneric
reciprocal crosses were made using several cultivars of H. macrophylla
crossed with one genotype of D. febrifuga. The pollinations were carried out in
a greenhouse in April-May, 2005. All plants were emasculated to prevent selfpollination and controlled crosses were performed. Plants were moved outside
in May and the infructescences were allowed to develop fully on the plants
and seed was collected when it matured in fall 2005. Crosses were considered
compatible if viable seed was obtained and germinated to produce seedlings.
Crosses were considered incompatible if viable seed did not develop or if no
germination occurred when the seed was sown. After germination, seedlings
were transplanted to cells and morphological characteristics were evaluated.
Several seedlings from each cross were randomly selected for hybrid veriﬁcation
utilizing SSR (simple sequence repeats) markers. Hybrid veriﬁcation utilizing
SSRs was carried out as described by Rinehart et al. (2006). Fourteen
codominant SSR markers that produced sufﬁcient polymorphisms were used to
conﬁrm hybridity of the seedlings.
Results and Discussion: Both interspeciﬁc crosses between H. macrophylla
and H. angustipetala and intergeneric crosses between H. macrophylla and
D. febrifuga were compatible and hybrids were conﬁrmed using SSR markers.
Interspeciﬁc crosses were only successful when H. macrophylla was used
as the female and H. angustipetala was used as the male. Two genotypes of
H. macrophylla with colored stems, ‘Lady in Red’ and Midnight Duchess™
(‘HYMMADII’), were compatible with H. angustipetala. Hybrids from these
crosses have leaves that resemble H. angustipetala, but they are larger than
typical for the species. Some of the seedlings also have colored stems.
Intergeneric crosses were successful using seven genotypes of H. macrophylla
including ‘David Ramsey,’ ‘Lady in Red,’ Midnight Duchess™, ‘Mini Penny,’ ‘Oak
Hill,’ Queen of Pearls™ (‘HYMMADI’), and ‘Veitchii,’ that encompassed taxa
with colored stems, lacecap, mophead, and multiple ﬂower colors. Nearly nine
times as many seedlings were obtained when D. febrifuga was used as the
female compared to use as the male. Hybrids from these crosses have leaves
that are intermediate between the two species, and some of the seedlings have
colored stems. When ﬂowering occurs, the hybrids will be evaluated for color,
inﬂorescence type, and fertility.
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Hydrangea macrophylla and serrata –
Should we Lump ‘em or Split ‘em?
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Signiﬁcance to Industry: There is confusion among the industry and scientists
as to whether H. macrophylla subsp. serrata or H. serrata is the correct scientiﬁc
name for the mountain hydrangea. This study used morphological, molecular and
hybridization data to address this issue. While morphological data could support
elevating the serrata form to species level, molecular and hybridization data
do not support separating macrophylla and serrata into separate species. We
recommend use of the H. macrophylla subsp. serrata designation as it is more
appropriate from a breeding perspective.
Nature of Work: The taxonomic treatment of Hydrangea serrata has long been
disputed. While initially considered to be a separate species, McClintock (7)
classiﬁed it as a subspecies of H. macrophylla. However, recent publications
on Hydrangea and many nursery catalogs have reverted back to the H. serrata
designation (2, 4, 5, 11). The objective of this study was to evaluate the validity of
separating macrophylla and serrata into different species using a combination of
morphological, molecular and hybridization data.
Results and Discussion: There are several deﬁnitions of a species, which
are based on morphological differences, ability to hybridize or phylogeny.
We compiled previously published and new morphological, molecular and
hybridization data on H. macrophylla subsp. macrophylla and serrata, and
evaluated the data in respect to some of the deﬁnitions of a species.
Morphological data. Hydrangea macrophylla subsp. serrata is distinguished
from subsp. macrophylla by its smaller foliage and ﬂower parts (7). The two
subspecies could be separated using a combination of 28 qualitative and
5 quantitative morphological criteria (1). Using the phenetic concept of a species,
which is based on morphological differences, the separation of macrophylla
and serrata into separate species can be justiﬁed; however, the subspecies
designation would not be incorrect.
Genome size. Subsp. macrophylla cultivars were found to have 5.8% more
nuclear DNA than subsp. serrata cultivars; this data was used to support the
species designation for serrata (11, 12). However, intraspeciﬁc differences
in genome size among populations of plant species collected from different
geographical areas are not uncommon (3). Therefore, this data does not support
making H. serrata a separate species.
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Molecular markers. We tested 14 microsatellite (SSR) markers against a panel of
79 taxa, representing 12 Hydrangea species (9, 10). Genetic similarity between
H. macrophylla ssp. serrata and other Hydrangea species was found to be
comparable to that between H. macrophylla ssp. macrophylla and those species
(Table 1). We feel that this data is consistent with the subspecies designation
for serrata. In a separate study, 39 SSR markers were tested against 84 subsp.
macrophylla and 20 subsp. serrata taxa. Seven cultivars for which authorities
disagreed as to subspecies assignment or speculated on a hybrid origin were
also included. The principle component analysis based on gene frequencies of
these taxa tested is presented in Figure 1. Two main clusters were discernable,
one containing serrata and the other macrophylla cultivars. This data indicates
that there are genetic differences between macrophylla and serrata but that
intermediate forms, which may represent hybrids, exist. Morphological data were
unable to predict all of the intermediate forms.
Hybridization. The classical deﬁnition of a species is based on the biological
species concept (BSC), which states that a species is an actual or potentially
inbreeding group of organisms (6). Under this deﬁnition, morphologically distinct
populations that produce viable, fertile hybrids should be considered to be
subspecies. Hybridization records produced over the last nine years showed
that H. macrophylla subsp. macrophylla ‘All Summer Beauty’, ‘Blaumeise’,
‘Horben’, ‘Masja’, ‘Pia’ successfully hybridized to H. macrophylla subsp. serrata
‘Blue Bird’ and/or ‘Blue Billow’; reciprocal hybrids between H. macrophylla
subsp. macrophylla ‘Madame Emile Mouillere’ and H. macrophylla subsp.
serrata ‘Grayswood’ were also obtained (Reed, unpublished data). Most of the
hybrids between the two subspecies are no longer available for analysis of
fertility. However, fertility of a ‘Pia’ × ‘Blue Billow’ hybrid had previously been
demonstrated to be similar to that of several H. macrophylla subsp. macrophylla
cultivars (8). Both ‘Preziosa’ and ‘Tokyo Delight’, which appear to be hybrids
using both morphological and molecular data, produced over 95% stainable
pollen (Jones, personal communication). Additional hybridization and fertility
data are needed, especially involving a wider range of subsp. serrata cultivars.
However, at this point, hybridization and fertility data do not support elevating
serrata to the species level based on the BSC deﬁnition of a species.
In conclusion, the decision as to whether it is valid to consider H. serrata a
separate species from H. macrophylla depends on how one deﬁnes a species
Using morphological criteria, the separation of the species could be justiﬁed.
While this might be convenient from a horticultural perspective, we suggest
keeping serrata at the subspecies level. This is more appropriate from a breeding
standpoint and might lessen confusion in the future if new cultivars are developed
from hybridization of macrophylla and serrata taxa.
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Table 1. Allele sharing distances between two subspecies of Hydrangea
macrophylla and eleven other Hydrangea species.
H. macrophylla H. macrophylla
ssp. macrophylla ssp. serrata
H. anomala

0.868175

0.837373

H. arborescens

0.858754

0.918000

H. aspera

0.908121

0.917714

H. heteromalla

0.895931

0.867574

H. involucrata

0.897871

0.891669

H. paniculata

0.899819

0.929760

H. quercifolia

0.824333

0.801392

H. scandens
Section Cornidia species

0.421015
0.906067

0.385957
0.903134

(H. seemanii, H. serratifolia, H. integrifolia)
integrifolia)
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Figure 1. Principle Coordinate Analysis of 111 H. macrophylla taxa based on
44 SSR markers. Circles indicate subsp. macrophylla, and squares indicate
subsp. serrata. Cultivars whose subspecies assignment is disputed or that have
been speculated to be of hybrid origin are indicated by triangles. Some symbols
represent more than one taxa.
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Signiﬁcance to Industry: Hydrangeas are among the most popular ﬂowering
shrubs, with annual U.S. sales of approximately $32 million. Their popularity
is likely to increase in the future, especially if new and improved cultivars are
introduced into the marketplace. This study reports the successful hybridization
of Hydrangea macrophylla with Dichroa febrifuga, a closely related species with
ﬂowers that remain blue in the absence of aluminum and persistent metallic
blue fruit. This work represents the ﬁrst step towards incorporating these two
ornamental traits into H. macrophylla.
Nature of Work: Both Hydrangea macrophylla and Dichroa febrifuga are
members of the family Hydrangeaceae. Previous phylogenetic studies have
found H. macrophylla to be more closely related to D. febrifuga than to other
members of the genus Hydrangea (2, 8). Blue ﬂower color is the most unique
and desirable trait of H. macrophylla; however, blue ﬂowers are produced only
if adequate aluminum is available to the plant. When grown under high soil pH
conditions or in soilless media that has not been supplemented with aluminum,
H. macrophylla ﬂowers will be pink. In contrast, we have observed blue ﬂowers
on D. febrifuga plants grown in the absence of aluminum. While H. macrophylla
has ornamental appeal only while inﬂorescences are present, D. febrifuga
produces persistent metallic blue fruit that provide winter interest (1). The
objective of this study was to hybridize these two species in order to introduce
these two unique ornamental traits from D. febrifuga into H. macrophylla.
Reciprocal crosses were made during Summer 2005 between Dichroa febrifuga
(UBC Garden form) and two cultivars of H. macrophylla, ‘Taube’ (2n = 3x = 54)
and ‘Veitchii’ (2n = 2x =36). These cultivars were chosen because of their
difference in ploidy level. Most previous attempts to produce wide hybrids using
H. macrophylla have required embryo rescue (3, 4, 6) With this evidence in mind,
about one-third of the capsules were harvested 63 to 68 days after pollination
and embryo rescue via ovule culture was attempted using techniques developed
for H. macrophylla × H. paniculata hybrids (5). The remaining two-thirds of the
capsules from the controlled crosses remained on the mother plant for about
20 weeks following pollination. Seed were stored at 4°C for 2 months and sown
on a commercial seed propagation mix in October 2005. All progeny of the
interspeciﬁc crosses were grown in a greenhouse following germination. DNA
was extracted from all hybrids and parents. Hybrids were veriﬁed using eight
SSR markers (7).
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Results and Discussion: Hybrids were obtained in all combinations of species
and cultivars. Principal co-ordinate analysis (PCO) of the SSR data revealed a
two dimensional scatter plot (Fig. 1) that showed clear-cut separation between
the hybrids, D. febrifuga, and H. macrophylla cultivars. Interestingly, both triploid
and diploid H. macrophylla cultivars successfully hybridized with D. febrifuga
and reciprocal hybrids were obtained from both H. macrophylla parents. Dichroa
febrifuga and H. macrophylla ‘Veitchii’ hybrids were obtained from both ovule
culture and seed germination (Table 1). Dichroa febrifuga and H. macrophylla
‘Taube’ offspring were obtained by either ovule culture (‘Taube’ as the female
parent) or seed germination (D. febrifuga as the female parent). The close
phylogenetic relationship between the two species is conﬁrmed in the production
of viable hybrids. Though embryo rescue was effective, it was not necessary
because hybrid seed germinated readily. Chromosome counts from hybrid root
tip cells were attempted, but results were inconclusive. Preliminary analysis of
D. febrifuga root tip cells in our lab revealed at least 100 chromosomes.
Hybrids are healthy and vigorous. Once hybrids ﬂower, they will be intercrossed
to the other hybrids and back-crossed to the parents. With future generations,
new combinations of traits could be anticipated, including the potential for large
corymbs of blue ﬂowers (regardless of aluminum availability) that later form
persistent blue berries. This study also highlights the usefulness of SSR markers
to screen intergeneric D. febrifuga and H. macrophylla hybrids.
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Table 1. Results of hybridization between two H. macrophylla cultivars and
D. febrifuga.

cross
H. macrophylla ‘Taube’ × D. febrifuga
H. macrophylla ‘Veitchii’ × D. febrifuga
D. febrifuga × H. macrophylla ‘Taube’
D. febrifuga × H. macrophylla ‘Veitchii’

no.
crosses
made
83
132
61
106

no. plants
obtained
from ovules
20
27
0
24

no. plants
obtained
from seed
0
4
7
8

Figure 1. Principal co-ordinate analysis scatter plot showing distinct distribution
of D. febrifuga, hybrids, and H. macrophylla cultivars ‘Taube’ and ‘Veitchii’ in
the ﬁrst two principal axes of variation. Points representing ‘Veitchii’ and ‘Taube’
intergeneric hybrids include D. febrifuga × H. macrophylla progeny as well as the
reciprocal cross.
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Using DNA Fingerprinting to Identify Mislabeled
Plants in the Trade: An Example from Hydrangea
Timothy A. Rinehart1 and Sandra M. Reed2
USDA-ARS, Southern Horticultural Laboratory,
810 Highway 26 West, Poplarville, MS 39470
2
U.S. National Arboretum, ARS, USDA, Tennessee State University
Nursery Research Center, McMinnville, TN 37110
trinehart@ars.usda.gov
1

Index Words: true to name, SSR, microsatellite, molecular marker
Signiﬁcance to Industry: Mislabeling of nursery stock can be difﬁcult to
detect. Differences in botanical descriptions are often subtle and may involve
mature traits that are only visible after the plant is sold. On the other hand, DNA
ﬁngerprints are accessible and consistent at all stages of development and
through successive rounds of vegetative propagation. This work demonstrates
the utility of simple sequence repeats (SSR) markers to compare hydrangea
cultivars from multiple sources.
Nature of Work: ‘True-to-name’ guarantees are often given for wholesale and
retail nursery purchases. Other than visual inspection, relatively few methods
are available to verify correct labeling. As biotechnology has become more
affordable, genetic markers are an efﬁcient way to compare plants from multiple
sources. Since hydrangeas are vegetatively propagated, DNA ﬁngerprints of
named cultivars should be identical for same named plants.
The objectives of this study is to create DNA ﬁngerprints for hydrangea using
simple sequence repeat (SSR) markers and then compare ﬁngerprints between
named cultivars from multiple sources. Tissue samples were collected from
breeding and research collections, arboretums, and three commercial sources
(Table 1). Data consisted of allele size variation for 38 SSR loci. Details of the
methods can be found in Rinehart et al (3). Nei’s minimum genetic distance (Dm)
were calculated for all samples and then used to construct a neighbor-joining
dendogram (2). Samples that are 100% identical are shown on a single vertical
line while samples that exhibiting genetic differences are shown on separate
branches, or horizontal lines (Figure 1).
Cultivars were chosen based on popularity and probability that they might
be confused in the trade. For example, ‘Endless Summer’ is a commercially
successful reblooming plant that is virtually identical to ‘Penny Mac’ and ‘David
Ramsey’ in the landscape. ‘Endless Summer’ also looks similar to ‘Nikko
Blue’ which is an older cultivar that is popular in the South but is not known for
reblooming. ‘Pink Beauty’ is listed as a synonym for ‘Preziosa’ but plants are sold
separately at nursery centers (1).
Results and Discussion: Samples for ‘Oregon Pride’, ‘Blaumeise’, ‘Nikko Blue’,
‘Endless Summer’, ‘Veitchii’, ‘Preziosa’, and ‘Pink Beauty’ showed 100% identical
DNA ﬁngerprints for plants that were named the same. Cultivars such as ‘Veitchii’
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have been sold for many years, increasing the chances of a labeling error,
while cultivars such as ‘Endless Summer’ are recent introductions. ‘Libelle’ and
‘Libelle White’ also have identical DNA ﬁngerprints. The correct name is ‘Libelle’
suggesting that ‘white’ was added to the cultivar name to describe the ﬂower
color. ‘Pink Beauty’ and ‘Preziosa’ had identical DNA ﬁngerprints. Morphological
comparisons and further genetic data may conﬁrm that these two cultivars are
indeed the same plant.
One of the ‘Beni Gaku’ samples and a plant labeled only as ‘serrata’ from Lowes
have identical DNA ﬁngerprints. Both plants appear to have the same phenotype
in the landscape suggesting these may be the same cultivar. Interestingly, a
plant labeled ‘Beni Gaku’ from the same Lowes store is closely related but
different than ‘serrata’. This is the ﬁrst instance of a genetic difference between
two cultivars labeled the same. It is possible this difference represents a single,
isolated instance where tags were switched at this retail store. Since the
difference only occurs at a single SSR locus, it is also possible that the variation
represents the accumulation of random mutations over time which may occur
in clonally propagated plants, albeit at low rates. ‘Penny Mac’ also exhibited
differences between samples collected from various sources (data not shown).
We are currently testing one of the ‘Penny Mac’ plants from Penny McHenry’s
garden to ascertain which of the different ‘Penny Mac’ samples is consistent with
the original source.
‘Glory Blue’ and ‘Charm’ produced 100% identical DNA ﬁngerprints despite being
labeled as different cultivars. Neither plant is described as a sport in the literature
and Dirr suggests that Glory Blue is “probably a rename” which is consistent with
identical DNA ﬁngerprints (1). Horticultural evaluations are needed to conﬁrm
these suspicions.
This work demonstrates the usefulness of SSR markers for producing and
comparing DNA ﬁngerprints between hydrangeas. Widespread certiﬁcation of
genetic identity of ornamental plants has not been a pressing issue like it has
been for fruit and other nursery stocks. Disputes regarding true to name claims
have mostly been resolved between buyers, sellers, and their lawyers. As the
ﬁnancial success of patented hydrangea cultivars with exclusive licensing and
national marketing campaigns increases, the need for rapid and affordable
methods to substantiate true to name guarantees will become more important
to industry.
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Table 1. Hydrangea and sources.
Cultivar
Blaumeise 1
Blaumeise 2
Endless Summer 1
Endless Summer 2
Endless Summer 3
Libelle
Libelle White
Nikko Blue 1
Nikko Blue 2
Nikko Blue 3
Oregon Pride 1
Oregon Pride 2
Veitchii 1
Veitchii 2
Beni Gaku 1
Beni Gaku 2
serrata
Pink Beauty 1
Pink Beauty 2
Preziosa 1
Preziosa 2
Glory Blue
Charm
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Source
S. Reed, McMinnville, TN
Lowes
MAST Arboretum, Nacogdoches, TX
MAST Arboretum, Nacogdoches, TX
S. Reed, McMinnville, TN
Lowes
MAST Arboretum, Nacogdoches, TX
Lowes, Ameriscape
Lowes
Home Depot
Bell Family Nursery, Aurora, OR
Lowes
S. Reed, McMinnville, TN
Bell Family Nursery, Aurora, OR
Bell Family Nursery, Aurora, OR
Lowes
Lowes
MAST Arboretum, Nacogdoches, TX
MAST Arboretum, Nacogdoches, TX
Bell Family Nursery, Aurora, OR
Lowes
Home Depot
Lowes
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Figure 1. Phylogenetic tree showing clustering of genetically related samples.
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Linkage Mapping of Echinacea purpurea ‘Magnus’
Ahmad Naseer Aziz
Institute of Agricultural & Environmental Research, Tennessee State University,
3500 J. A. Merritt Blvd., Nashville, TN 37209-1561
aaziz@tnstate.edu
Index Words: Echinacea, isolated pollen, pollen DNA, primer extension
preampliﬁcation, ampliﬁed fragment length polymorphism, linkage analysis
Signiﬁcance to Industry: DNA ﬁngerprinting methods can be used to
identify the genetic makeup of Echinacea. In this report 24 AFLP (ampliﬁed
fragment length polymorphism) primer pairs have been identiﬁed for Echinacea
ﬁngerprinting that can be very useful for its true-to-type identiﬁcation. Molecular
markers associated or linked to desirable traits can be used in breeding protocols
for developing new varieties. The procedures described in this research for the
ampliﬁcation of the Echinacea purpurea ‘Magnus’ pollen genome via primer
extension pre-ampliﬁcation (PEP), subsequent AFLP markers’ proﬁling, and
genetic linkage analysis will beneﬁt the nursery industry by reducing the costs of
genetic analyses and increasing the efﬁciency of developing new types. This is
the ﬁrst report on the linkage analysis of AFLP markers ampliﬁed from individual
Echinacea pollen grains.
Nature of Work: Both the nursery and medical herb industries regard coneﬂower
(Echinacea spp.) an important herbaceous perennial in (1, 4). The Perennial
Plant Association selected E. purpurea ‘Magnus’ a superior cultivar of coneﬂower
as the Plant-of-the-Year for 1998 and Echinacea purpurea (L.) is the most widely
cultivated species (7). Recently, E. purpurea ﬂower-tops were found to contain
phytochemicals that effectively treated common colds (6). Breeding efforts
to increase the ornamental and medicinal properties of Echinacea have long
history (5). Therefore, efﬁcient methods for its genetic analyses are needed to
improve medicinal and ornamental qualities of Echinacea as per current market
demands. Compared to conventional methods, the use of molecular markers
can save development costs and time required for breeding, evaluation, and
cultivar release (8, 10). Since genetic markers of a plant segregate in its pollen
grains during anthesis, it can be used to construct genetic maps (2). Segregation
analysis of molecular markers from individual pollen grains can generate genetic
data for linkage mapping without the need of performing controlled pollinations
and reduces the need to maintain large populations of plants. Genetic maps
are very important tools that can be used to enhance breeding efﬁciencies
in coneﬂowers. To our knowledge, there is no report on the whole genome
ampliﬁcation of DNA from individual pollen grains, subsequent analysis of AFLP
markers, and genetic linkage mapping in coneﬂower.
From a dry spread, pollen grains of E. purpurea ‘Magnus’ were individually
collected using a micromanipulator (Narishige, East Meadow, NY) and placed
in separate PCR (polymerase chain reaction) tubes containing 5µl of pollen
germination medium [0.29M sucrose, 1.62mM H3BO3 and 1.27mM Ca(NO3)2,
(pH 5.7)]. After allowing pollen germination for 1-2 hours at room temperature,
the DNA was ampliﬁed via MasterAmp™ Extra-Long PCR kit (EPICENTRE®,
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Madison, WI) using Zhang et al. (11) 15-mer primers (Operon Technologies,
Alameda, CA). Pollen PEP-DNA products were visualized on 2% agarose gel
after staining with ethidium-bromide. AFLP markers were then generated from
these PEP products using the AFLP System-Analysis Kit of GibcoBRL (Rockville,
MD) along with IRD-800 labeled (Li-Cor Inc., Lincoln, NE) primers designed for
EcoRI adaptors. AFLP proﬁles (DNA ﬁngerprints) were generated from parent
and each pollen sample and separated through denaturing 6.5% polyacrylamide
gel electrophoresis (9) on automated DNA Global IR2DNA Analyzer and
Sequencer (Li-Cor, Lincoln, NE). SagaMX Generation 2- AFLP® Analysis Software
Version 3.1 (Li-Cor Inc., Lincoln, NE) was used to score AFLP gel images and
subsequently archive marker data in Oracle® 9i database. JoinMap® 3.0 software
(Plant Research International, Wageningen, Netherlands) was then used for
linkage analysis and constructing genetic maps.
Results and Discussion: The development of innovative methods described
in this report led to the AFLP assays of individual coneﬂower pollen grains. The
small amount of DNA in a pollen grain was ﬁrst increased in quantity by modiﬁed
PEP-protocol of Zhang et al. (11) while using MasterAmp™ Extra-Long PCR
kit which contained the PCR enhancer betaine and Taq polymerase with 3’-5’
exonuclease activity along with an array of continuous random 15-mer primers.
These enhancers have been reported (3) to increase the ﬁdelity and accuracy of
the PCR products, therefore, PreMix 3 and PreMix 9 were used for Echinacea
pollen DNA ampliﬁcations via PEP procedure. AFLP analysis of the parental
tissue revealed that 24 primer pairs were suitable for Echinacea ﬁngerprinting
and these were selected for subsequent pollen analyses (Table 1). The primer
pairs thus identiﬁed may be suitable for AFLP analyses of other members of
Echinacea family. AFLP proﬁles of E. purpurea ‘Magnus’ parent and more than
60 of its pollen grains were analyzed with Saga™ Generation 2- AFLP® Analysis
Software Version 3.1 . Initially 171 parental DNA bands were analyzed for
their presence or absence in pollen grains and more than 50 parental markers
revealed the 1:1 segregation in pollen population (Table 2). For subsequent
linkage analysis, 104 AFLP markers were scored with the Saga™ software to
generate reports depicting presence of the marker as ‘+’ and absence as ‘-’
for each pollen sample. The resulting AFLP-markers reports were imported to
JoinMap® 3.0 software for linkage analysis and constructing genetic maps. The
104 markers were linked in 11 groups ranging from 13 to 134 centimorgans (cM)
sizes and spanning 409cM of E. purpurea ‘Magnus’ genome
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Table 1. The ampliﬁed fragment length polymorphism primer pairs that produce
polymorphic markers for genetic analysis in Echinacea spp*.
E-ACA/M-CAA, E-ACC/M-CAA, E-ACA/M-CAC, E-ACC/M-CAC, E-ACG/
M-CAC, E-ACT/M-CAC, E-ACG/M-CAG, E-ACT/M-CAG, E-AGC/M-CAG,
E-AGG/M-CAG, E-AAG/M-CAT, E-ACC/M-CAT, E-ACT/M-CAT, E-AGG/M-CAT,
E-AGC/M-CTA, E-ACA/M-CTC, E-ACT/M-CTC, E-ACA/M-CTG, E-ACC/M-CTG,
E-ACT/M-CTG, E-AGG/M-CTG, E-ACA/M-CTT, E-ACG/M-CTT, E-AGG/M-CTT.
*Each pair consists of primers designed for both EcoRI (e) and MseI adaptors. The three selective
nucleotides of each primer are shown.
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Table 2. Chi-square test on expected 1:1 ratios for segregation of E. purpurea
‘Magnus’ AFLP markers in its pollen progeny*.
AFLP Markers
E_ACA/M_CAA0111
E_ACA/M_CAA0094
E_ACA/M_CAA0050
E_ACC/M_CAA0261
E_ACC/M_CAA0257
E_ACC/M_CAA0192
E_ACC/M_CAA0105
E_ACC/M_CAA0087
E_ACA/M_CAC0190
E_ACA/M_CAC0180
E_ACA/M_CAC0143
E_ACA/M_CAC0046
E_ACC/M_CAC0367
E_ACC/M_CAC0318
E_ACC/M_CAC0070
E_ACG/M_CAC0138
E_ACG/M_CAC0072

X2
0.1
2.0
1.6
1.8
0.1
1.0
0.1
0.6
1.3
0.1
2.1
0.3
2.3
0.2
0.6
1.3
2.1

AFLP Markers
E_ACT/M_CAC0291
E_ACT/M_CAC0222
E_ACT/M_CAC0157
E_ACT/M_CAC0132
E_ACT/M_CAC0041
E_ACG/M_CAG0273
E_ACG/M_CAG0206
E_ACG/M_CAG0162
E_ACG/M_CAG0111
E_ACT/M_CAG0086
E_AGC/M_CAG0273
E_AGC/M_CAG0215
E_AGC/M_CAG0106
E_AGG/M_CAG0395
E_AAG/M_CAT0509
E_AAG/M_CAT0141
E_AAG/M_CAT0079

X2
1.3
0.1
0.3
1.3
0.1
0.6
0.3
0.1
2.3
2.3
0.7
2.5
1.6
1.6
1.0
0.0
2.0

AFLP Markers
E_ACC/M_CAT0171
E_ACT/M_CAT0173
E_ACT/M_CAT0078
E_ACT/M_CAT0057
E_ACT/M_CAT0054
E_ACT/M_CAT0048
E_ACT/M_CAT0041
E_AGC/M_CTA0161
E_AGC/M_CTA0063
E_ACA/M_CTC0145
E_ACA/M_CTC0118
E_ACA/M_CTC0107
E_ACT/M_CTC0290
E_ACT/M_CTC0148
E_ACA/M_CTG0108
E_ACC/M_CTG0190
E_ACT/M_CTG0070

X2
1.3
0.3
0.5
1.0
0.3
0.6
0.1
0.3
2.3
2.0
1.3
0.0
1.5
0.9
0.1
1.6
0.1

*Each AFLP (ampliﬁed fragment length polymorphism) marker is identiﬁed by the primer-pair used for
ampliﬁcation and its DNA-band size in base-pairs. Only those markers that revealed expected 1:1
segregation ratios are shown.
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Interspecﬁc Variation in Adaptive
Traits of True ﬁrs (Abies spp.)
Bert Cregg and Grant Jones
Dept. of Horticulture and Dept. of Forestry,
Michigan State University, East Lansing, MI 48824
cregg@msu.edu
Index Words: gas exchange, water use efﬁciency, needle morphology,
shoot architecture
Signiﬁcance to Industry: The genus Abies includes over 40 species of
evergreen trees worldwide. The use of Abies in the landscape and Christmas
tree industries has generally been limited to relatively few species. Expanded
use of ﬁrs in landscapes has been limited by their perceived intolerance of
environmental stresses. However, recent research suggests Abies may be more
tolerant of environmental conditions than commonly assumed. Identifying ﬁr
species that are adapted to speciﬁc environmental stresses may increase the
diversity of conifers that are available for landscape use.
Nature of Work: We examined needle and shoot morphology and water
use efﬁciency of exotic ﬁr species grown at four locations in Michigan. The
goals of the project were to: 1) identify ﬁr species that are adapted to tolerate
environmental stresses and 2) determine the nature and extent of interspecﬁc
variation in adaptive traits.
In the fall of 2002 and spring of 2003, we transplanted 246 trees representing
21 ﬁr species and hybrids from a demonstration planting at the W.K. Kellogg
Experimental Forest near Battle Creek, MI to three locations in Michigan:
Clarksville Horticulture Experiment Station, Clarksville, MI (CHES); Horticulture
Teaching and Research Center, East Lansing, MI (HTRC); and Northwest
Michigan Horticulture Research Station, Traverse City, MI (NWMHRS). Trees
ranged in height from 3 to 7 ft. and were dug and ball and burlapped as 24 to 36
in. root balls in accordance with American nursery standards. Four to eight trees
of each species or hybrid were transplanted to the three stations, depending
upon availability. In 2004 and 2005 we conducted series of investigation on trees
at the three Horticultural stations and at the Kellogg Forest.
Needle Morphology and Shoot Architecture. Three needles were collected at
random from sun-exposed shoots in the upper one-third of the tree canopy during
the 2004 growing season. Free-hand cross-sections were cut from the center
of each needle and photographed using a digital camera. We measured crosssectional area, needle width, thickness, perimeter, and shape factor with image
analysis software (SigmaScan Pro 5.0, SPSS Inc., Chicago IL). The ratio of shoot
silhouette area to total needle area (STAR) was calculated as projected shoot
area to total needle area.
Water Use Efﬁciency and Carbon Isotope Discrimination. Gas exchange
was measured on four dates at each location on current year growth using
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a portable photosynthesis system (LI-6400, Li-Cor, Lincoln, NE) ﬁtted with a
conifer chamber (LI-6400-05, Li-Cor). Sun-exposed shoots were measured in
the upper one-third of the tree canopy on sunny days with PPFD greater than
1500 µmol m-2 s-1. Instantaneous water use efﬁciency (WUE) was calculated from
gas exchange data as the ratio of photosynthesis (A) to needle conductance
(g). Carbon isotope discrimination was measured in shoots from current year’s
growth from select species at all four locations. Species were selected to
represent a range of shoot morphologies, geographic ranges, and all species
hybrids. Relative abundance of 13C and 12C in needle tissue was determined with
a gas phase isotope ratio mass spectrometer at the Center for Stable Isotope
Biogeochemistry, University of California at Berkeley. The resulting values
were used to estimate isotope discrimination based on the method of Farquhar
et al. (1).
Results and Discussion: Needle Morphology and Shoot Architecture. Needle
cross-sectional area, width, thickness, perimeter, and shape factor varied
among species and location (p≤0.01) (Table 1). Cross-sectional needle area,
needle width, and needle perimeter were generally the lowest at NWHRS.
Shape factor, needle thickness, and cross-sectional area were correlated with
maximum photosynthetic rate (p≤0.0001). Needle mesophyll increases with
needle thickness resulting in more area to harvest light (2, 3). The ratio of shoot
silhouette area to total needle area (STAR), an indicator of needle overlap and
mutual shading, also differed among species and locations (p≤0.0001). Carbon
isotope discrimination (∆) was correlated with STAR (R2 = 0.10, p≤0.0001). This
suggests that increasing needle overlap and self-shading (low STAR) results in
increased water use efﬁciency.
Water Use Efﬁciency and Carbon Isotope Discrimination. Theoretical
and empirical studies have demonstrated that discrimination against 13C
during photosynthesis is related to water use efﬁciency. As photosynthesis
increases relative to stomatal conductance, intercellular CO2 declines and 13C
discrimination decreases. In the present study instantaneous WUE and carbon
isotope discrimination (∆) were correlated (R2 = 0.19, p≤0.0001). Carbon isotope
discrimination varied among locations (p≤0.0001) and species (p≤0.01) (Table 1).
Abies balsamea had the lowest ∆, indicating relatively high water use efﬁciency,
whereas Abies procera, which is native to mesic sites in the Paciﬁc Northwest,
had the lowest water use efﬁciency.
Summary Drought stress, and soil pH often limit the use of ﬁrs in the Upper
Midwest and other regions of the U.S. The results of this study provide several
insights for further selection for stress tolerance in ﬁrs. These include:
• Species varied in integrated water use efﬁciency as indicated by carbon
isotope discrimination. This may provide a useful tool for tree selection
since multiple years of needles, formed under varying weather patterns,
may be sampled at a given date.
• Needle and shoot morphology were correlated with maximum
photosynthetic rate and water use efﬁciency. Since needle and shoot
morphology traits are relatively easy to measure they can serve as initial
screening for large numbers of trees or seedlings.
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Table 1. Needle morphology and carbon isotope discrimination (∆) of 16 Abies
species grown at four locations in Michigan.

Species

CrossSectional Needle
Area
Thickness
(mm2)
(mm)

Needle
Width
(mm)

Carbon
Isotope
Perimeter Discrimination
(mm)
(per mil)

A. nordmanniana 1.16 a

2.21

0.69 a

5.19 a

20.09 bc

A. chensiensis

1.08 a

2.15

0.66 abc

5.06 a

19.93 bc

A. koreana

1.07 ab

2.23

0.60 cde

5.25 a

19.20 bcd

A. holophylla
A. koreana x
balsamea

0.92 bc

1.86

0.61 abcd 4.43 b

19.30 bcd

0.85 cd

1.92

0.55 def

4.53 b

19.43 bcd

A. veitchii
A. fraseri x
homolepis

0.79 cdef

1.99

0.49 fg

4.59 b

19.10 bcd

0.77 cdefg

1.79

0.55 def

4.28 bc

20.03 b

A. homolepis

0.76 defg

1.9

0.49 fg

4.38 b

19.68 bc

A. bifolia

0.73 defg

1.43

0.67 ab

3.62 def

19.84 bc

A. lasiocarpa

0.72 defg

1.55

0.61 abcd 3.79 de

19.88 bc

A. procera

0.71 defg

1.59

0.60 bcde 3.84 de

21.67 a

A. fraseri

0.68 efgh

1.65

0.55 def

3.98 cd

19.02 bcd

A. nephrolepis
A. koreana x
veitchii
A. bal. var.
phanerolepis

0.66 fgh

1.53

0.54 ef

3.72 def

19.50 bcd

0.64 ghi

1.62

0.51 fg

3.85 de

19.71 bc

0.52 hi

1.46

0.49 fg

3.51 ef

18.52 d

A. balsamea

0.49 i

1.42

0.45 g

3.40 f

18.73 cd

Means within the same column and followed by the same letter are not signiﬁcantly different α = 0.05.
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Intergeneric Hybrids Between
Weigela and Diervilla (Caprifoliaceae)
Darren Touchell, Zenaida Viloria, Thomas Ranney and Kelly Ivors
NC State University, Dept. of Hort. Science, Mountain Horticultural Crops
Research and Extension Center, 455 Research Drive, Fletcher, NC, 28732-9244
darren_touchell@ncsu.edu
Index Words: Weigela, Diervilla, Plant Breeding, Tissue Culture,
Molecular analysis
Signiﬁcance to Industry: Weigela Thunb. consists of 12 species endemic to
northeast Asia (1). Several species are grown in North America as ornamental
shrubs and have signiﬁcant commercial value to the ornamental horticultural
industry. The most common ornamental species is W. ﬂorida (Bunge.) A. DC.
(old fashioned weigela). This species typically grows to 3-8 feet tall and
produces abundant showy ﬂowers. It is pest resistant, tolerant to a wide range
of environmental conditions, and cold hardy to USDA zone 5. Weigela is closely
related to the endemic North American genus Diervilla Mill. (bush honeysuckle)
(1). Diervilla are typically more compact, growing to 2-4 feet tall, adaptable to
a wide range of environmental conditions and possess a higher level of cold
tolerance (USDA zone 3-5), depending on the species. Intergeneric hybridization
between these genera could potentially combine the superior cold hardiness and
compact stature of Diervilla with the showy ﬂowers and foliage of Weigela.
Nature of Work: Intergeneric hybridization is often difﬁcult or impossible
due to genetic and reproductive incompatibilities. However, in some cases,
biotechnology tools can be used to facilitate wide hybridization and to conﬁrm
hybridity of the resulting progeny. Our prior attempts to hybridize Weigela and
Diervilla resulted in seed capsules with underdeveloped and aborted seeds
that failed to germinate. In the present study we report on the development
of intergeneric hybrids of Weigela and Diervilla, using a combination of tissue
culture and molecular screening techniques. Speciﬁcally, we used ovule culture
and micropropagation techniques to obtain plants from immature seed prior to
embryo abortion (2). We then used Cleaved Ampliﬁed Polymorphic Sequence
(CAPS) techniques to assist in verifying hybridity (3).
Four intergeneric crosses were attempted (Table 1). Ovules were collected at 30,
41, 49, 56 or 63 days after pollination (DAP) depending upon intergeneric cross
(Table 1.). Germination of ovules was conducted in vitro on media containing
Woody Plant Medium (WPM) basal salts and vitamins or Schenk and Hildebrandt
(SH) basal salts and vitamins supplemented with either 1, 2, 3 or 4 µM gibberellic
acid and 30 g/l sucrose. Germinated ovules were transferred to a maintenance
medium consisting of Murashige and Skoog basal medium supplemented with
2 µM Benzylaminopurine.
CAPS analysis was used to assess hybridity (1). DNA from parents and hybrids
was extracted using a modiﬁed CTAB method (3). The Internal Transcribed
Spacer (ITS) region was ampliﬁed using PCR primers and conditions described
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by Kim and Kim (1), producing a 670 bp fragment. Sequence analysis of the
ITS region of the parent plants revealed that W. ﬂorida contained a restriction
site (cccggg) at 480 bp, recognized SmaI, that was absent in all other taxa.
W. middendorﬁana contained a restriction site (ttataa) at 538 bp, recognized by
PsiI, that was absent in other taxa. To conﬁrm hybridity, the ampliﬁed ITS region
of plants derived from ovule culture was subjected to digestion by SmaI and PsiI
and the digestion proﬁles compared to parents.
Results and Discussion: A total of 1873 ovules were obtained from four
intergeneric crosses. Ovules began germinating 2 months after culture, with new
germinants being recorded up to 1 year after culture. Ovule maturity was key
factor in inﬂuencing germination with highest germination generally occurring
in ovules collected from 41 to 63 DAP (Table 1.). For D. lonicera ‘Copper’ X
W. ﬂorida higher germination was observed at 56 DAP compared to 63 DAP
which may indicate increase in embryo abortion in the more mature ovules. For
all intergeneric crosses medium composition did not have an inﬂuence on ovule
germination (data not shown).
D. lonicera ‘Copper’ x W. middendorﬁana grew well in tissue culture, but were
later conﬁrmed not to be hybrids and were discarded. From the remaining
three crosses, over 85% of plantlets were albino or had low vigor, leaving only
80 plantlets maintained in tissue culture. Only 10 hybrids have been successfully
transferred ex vitro. Further, only 2 hybrids of D. sessifolia ‘Butterﬂy’ x W. ﬂorida
are maintaining good growth under greenhouse and ﬁeld conditions.
Using CAPS analysis hybrids could be conﬁrmed if they shared banding patterns
from both parents (Figure 1.). Using this procedure, all plant derived from
D. lonicera ‘Copper’ x W. middendorﬁana were conﬁrmed not to be hybrids.
Random analysis of plants from D. sessifolia ‘Butterﬂy’x W. ﬂorida indicated that
all plants were hybrids, while 60% of plants from D. lonicera ‘Copper’ X W. ﬂorida
were hybrids. To further describe these hybrids, morphological assessment of
leaves from the D. sessifolia ‘Butterﬂy’ x W. ﬂorida hybrid growing in the ﬁeld was
conducted. Leaves from the hybrid shared characteristics with both the parents
(Table 2.).
In conclusion, this study demonstrates how biotechnology can be used to assist
traditional plant breeding strategies. We successfully obtained and veriﬁed
hybrids from intergeneric crosses between Weigela and Diervilla. However, the
intergeneric hybrids resulting from our study have low vigor and poor growth
under greenhouse and ﬁeld conditions. Further research into mechanisms to
improve growth and vigor is currently being conducted. One approach being
explored is improving vigor through ploidy manipulation.
Acknowledgements: Sincere thanks to Spring Meadow Nursery for funding
this research.
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Table 1. Percentage germination of ovules harvested from different crosses
between Diervilla and Weigela at different number of days after pollination.
Intergeneric cross

Percentage Ovule Germination
30 DAP

41 DAP

D. sessifolia ‘Butterﬂy’X W. ﬂorida (Clone 1)

28.5 ± 8.2

39.0 ± 10.5

D. sessifolia ‘Butterﬂy’ X W. ﬂorida (Clone 2)

15.5 ± 6.9

44.0 ± 3.3

56 DAP

63 DAP

57.4 ± 6.7

43.3 ± 1.2

49 DAP

63 DAP

28.4 ± 4.3

44.0 ± 3.3

D. lonicera ‘Copper’ X W. ﬂorida
D. lonicera ‘Copper’ X W. middendorﬁana

Table 2. Comparison of leaf characteristics of a hybrid from D. sessifolia
‘Butterﬂy’ X W. ﬂorida.
D. sessifolia
‘Butterﬂy’
Characteristic

W. ﬂorida
Hybrids

Leaf Shape

Lanceolate

Leaf Apex

Acuminate

Ablanceolate Ablanceolate
Acuminate-slightly
Acuminate
Cirrose

Leaf Base

Rounded

Cuneate

Cuneate

Leaf Margin

Crenulate

Crenulate

Serrulate

Lamina length

5-7.5 cm

4-6 cm

3-5 cm

Lamina width

2-3 cm

1.5-2.5 cm

1-2.5 cm

Lamina lateral vein number

7-8

6-7

5-7
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Figure 1. Cleaved Ampliﬁed Polymorphic Sequence analysis verifying hybridity
based on shared banding patterns of hybrids with both parents.
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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
dennis_werner@ncsu.edu
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.
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
localized in the upper and lower epidermal cells, unlike purple leaf plums, where
the purple pigment is distributed throughout all of the leaf cell layers. Second
generation segregants from the cross of ‘Covey’ x ‘Forest Pansy’ are being
evaluated in 2006, with the expectation of recovery of purple leaf, weeping forms.
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‘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
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. Of spring
demonstrating both the weeping and variegated traits have been recovered.
‘Flame’ – ‘Flame’ is a “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 weeping
cultivars available in the trade. This cultivar, a true C. canadensis type, has
stems that show a 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 are currently being
evaluated.
‘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.
Acknowledgements: The ﬁnancial assistance of the North Carolina Association
of Nurseryman is sincerely appreciated.
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Progress in Breeding Non-Invasive Nursery Crops
Thomas Ranney1, Darren Touchell1, Richard Olsen2,
Tom Eaker1, Nathan Lynch1 and Joel Mowrey1
1
North Carolina State University, Dept. of Horticultural Science, Mountain
Horticultural Crops Research and Extension Center, Fletcher, NC 28732
2
U.S. National Arboretum, 3501 New York Ave., NE, Washington, DC 20002
tom_ranney@ncsu.edu
Index Words: Alien Species, Adventive Species, Invasive Species, Nonindigenous Species, Naturalized Exotic Species, Seedless, Weed Free
Signiﬁcance to Industry: Invasive species are an important issue for the
nursery industry. The problem, brieﬂy, is that some non-native landscape plants
are weedy to the point of being invasive, i.e., they naturalize over large areas,
displace native plants, disrupt natural ecosystems, and compromise biodiversity
(7, 9). It is often stated that invasive species represent a principal threat to
biodiversity second only to that of habitat loss (10). It has also been estimated
that approximately 85% of the invasive plant species in the United States were
introduced for either ornamental or landscape use (8). Privets (Ligustrum spp.)
are good examples – it is estimated that L. sinense alone has displaced the
native shrub layer in 2.4 million acres throughout the Southern United States (6).
However, privet is an important and valuable nursery crop with approximately
2.7 million new plants sold per year (http://www.nass.usda.gov/census/census97/
horticulture/table13.pdf) at an estimated retail value of $32 million dollars.
Considering that many of these plants are economically, aesthetically, and
environmentally important, development of seedless/noninvasive cultivars is an
ideal solution whereby these valuable plants can be utilized without detriment.
Nature of Work: There are a number of approaches for developing seedless
plants, but one of the most efﬁcient and effective ways is to develop triploids plants with an extra set of chromosomes. Although triploids typically grow and
function normally, they have an inherent reproductive barrier in that the 3 sets
of chromosomes cannot be divided evenly during meiosis yielding unequal
segregation of the chromosomes (aneuploids) or complete meiotic failure.
Triploids have been developed for many crops including seedless bananas
(Musa spp.), watermelons (Citrullus lanatus), grapes (Vitis spp.) and althea
(Hibiscus syriacus) (2,3,4,5). Natural polyploids frequently occur in nature (1).
Triploids can also occur naturally or can be bred by hybridizing a tetraploid (4x)
with a diploid (2x) to create seedless triploids (3x). Triploids are not always
completely seedless. However, even in the unusual case when a triploid plant
can produce seeds (e.g. apples), it happens infrequently, and seedlings generally
have poor viability.
Results and Discussion: We are currently working on developing non-invasive
triploids of the following: Acer tartaricum L. subsp. ginnala (Maxim.) Wesm.
(amur maple), Acer platanoides L. (Norway maple), Albizia julibrissin Durazz.
(silk-tree or mimosa), Berberis spp. (barberry), Campsis × tagliabuana (Vis.)
Rehd.(trumpet vine), Cytissus scoparius (L.) Link (Scot’s broom), Euonymus
alatus (Thunb.) Sieb. (burning bush), Elaeagnus L. spp. (elaeagnus), Hedera
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helix L. (English ivy), Hypericum androsaemum L. (tutsan St. Johnswort),
Koelreutaria paniculata Laxm.(panicled goldenraintree), Ligustrum spp. (privet),
Miscanthus sinensis Anderss. (maiden grass), Pyrus calleryana Decne.(callery
pear) and Ulmus parvifolia Jacq. (lacebark elm). We have identiﬁed tetraploids
of all of these species and have successfully developed triploids of Pyrus,
Hypericum, Ligustrum, and Campsis. Because this approach involves controlled
breeding, it also provides additional opportunities for plant improvement. In
addition to breeding for seedlessness, we are simultaneously working on
enhancing pest resistance, environmental adaptability, and further commercial
potential of these crops. This project will ultimately provide new environmentallyfriendly cultivars that will beneﬁt the nursery industry, our environment,
and consumers.
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Intergeneric Hybrids between
Polianthes and Manfreda
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Department of Horticulture, University of Arkansas,
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Signiﬁcance to Industry: Intergeneric crosses between Polianthes and
Manfreda show promise in extending the area where these heat and droughttolerant perennials can be grown. Flower color of Polianthes is dominant
over Manfreda virginica and Manfreda maculosa. Hybrids show hybrid vigor
characterized by larger plant size and extended bloom time.
Nature of Work: The genus Manfreda Salisb. comprises some 26 species with
the majority found in Mexico (4). Five species have been reported from the
United States with Manfreda virginica (L.) Salisb. having the widest native range.
This species ranges across the United States from Ohio, Indiana and Illinois
south to Florida and Texas (4). Closely related to Manfreda, the Mexican genus
Polianthes L. includes the well-known, fragrant and white tuberose, Polianthes
tuberosa L. (2). Other less well-known members of the genus include Polianthes
howardii Verh.-Will. and the orange-ﬂowered Polianthes geminiﬂora (La Ll. &
Lex.) Rose.
Verhoek-Williams (5) made an extensive number of crosses between Manfreda
and Polianthes as part of her dissertation research. One such cross, M. virginica
× P. tuberosa is discussed favorably by the authors of two books on bulbs
suitable for the southern United States (2, 3). Both authors mention the desirable
ornamental characteristics of these hybrids but provided no pictures. VerhoekWilliams (5) also made the cross of Manfreda maculosa (Hooker) Rose ×
P. geminiﬂora but reported no seed germination of the hybrid.
At the University of Arkansas, breeding work between these two genera began
in 2003. Plant material was obtained from Yucca Do Nursery in Hempstead,
Texas. Manfreda virginica was originally obtained from Pine Ridge Gardens in
London, Arkansas and additional material grown from seed. For hybridization
experiments, the plants were maintained under greenhouse conditions
throughout the year. However, in winter, watering was reduced and the minimum
night temperature maintained at 50 °F.
The procedures outlined by Verhoek-Williams were followed for hybridization (5).
As plants begin to ﬂower in late spring and summer, the anthers were removed at
anthesis. Two to three days later the style extended to its full length, the stigma
became receptive and pollination was attempted.
Results and Discussion: To date, a total of 15 different crosses between
Manfreda and Polianthes have resulted in progeny and of these, eight have
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ﬂowered. (Table 1). When P. geminiﬂora is used as either the male or female
parent, all F1 hybrids to date have been orange to orange-purple in color. The
crosses between P. geminiﬂora and M. maculosa were the ﬁrst to ﬂower and sib
crosses between the F1 plants have resulted in progeny. The F1 has also been
successfully back-crossed to the M. maculosa parent. A successful cross was
made between an unidentiﬁed species of Manfreda (informally known as ‘Ciudad
del Maiz’ for the town in the state of San Luis Potosi, Mexico near its collection
site) and P. howardii. The leaves on this unidentiﬁed Manfreda species are
heavily spotted with burgundy. Two of the progeny show spotting on the leaves.
Eleven of the fourteen plants from the cross between M. virginica and P. tuberosa
were ﬁeld-planted in 2005. Seven of these plants ﬂowered for the ﬁrst time in
beginning in June of 2005. The ﬂowers on all progeny were borne on tall, 5-6 foot
inﬂorescences, some were branched. The ﬂowers were pleasantly fragrant. Two
progeny initiated two additional inﬂorescences each with ﬂowering concluding
in mid-October 2005. All eleven plants survived the winter in 2005-2006 in
Fayetteville, Arkansas (U.S.D.A. Zone 6b). Two progeny had already initiated
inﬂorescences by mid May in 2006, earlier than inﬂorescences are seen on
either parent.
Three additional plants, two plant of the cross P. geminiﬂora × M. virginica and
one M. virginica × Polianthes × ‘Chirp’ [a selection of Polianthes × bundrantii
Howard (P. tuberosa × P. howardii), Carl Schoenfeld, personal communication],
were successfully over-wintered. Manfreda virginica may confer additional
cold-hardiness, or the Mexican Polianthes species are more cold-hardy than
previously considered. Additional testing will be necessary to determine the full
extent of winter hardiness for these hybrids.
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Table 1. Parents and date of ﬁrst ﬂowering on intergeneric crosses between
Polianthes and Manfreda.

Female parent

Male parent

Date sown

P. geminiﬂora

M. maculosa 7/2003, cross 1

P. geminiﬂora

M. virginica

M. maculosa

Number of Date of
progeny ﬁrst ﬂower
4

4/2005

10/2004, cross 2

19

4/2006

6/2004

11

5/2006

P. geminiﬂora 8/2004, cross 1

4

5/2006

8/2004, cross 2

5

5/2006

M. virginica

P. tuberosa

1/2004

14

6/2005

M. virginica

P. howardii

1/2004

2

7/2005

P. howardii

1/2004

7

6/2005

M. ‘Ciudad del Maiz’
1

1

M. ‘Ciudad del Maiz’ is an unidentiﬁed Manfreda species collected by Yucca Do Nursery in the state of
San Luis Potosi, Mexico near the town of Ciudad del Maiz.
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Ferns for Sun and Shade in Northwest Florida
Mack Thetford, James L. Gibson, Barry O. Ballard and Judith K. Groninger
West Florida Research and Education Center,
Institute of Food and Agricultural Sciences, Milton Campus,
5988 Highway 90, Building 4900, Milton, FL 32583
thetford@uﬂ.edu
Index Words: Dryopteris, Polystichum, Cyrtomium, Athyrium, Osmunda,
Arachnoides, Cheilanthes, Selaginella, Theylpteris
Nature of Work: The popularity of gardening with ferns and fern allies has
grown in the Southeastern U.S. and this has resulted in a considerable increase
in production and sales of these products over the past ﬁve years. Current
recommendations for fern culture often suggest plants be grown in cooler areas
of the garden, usually in deep shade or to the north side of the structure. Some
publications warn to never expose ferns to full sun in summer (3). The objectives
of this project were to evaluate garden performance of a diverse collection of
hardy ferns or fern allies. An experiment was initiated in 2004 and continued in
2005 to better understand the relationship between sun and shade exposure
and the inﬂuence of irrigation on fern performance. Information from this project
would be a major beneﬁt to the hardy landscape fern production industry and
also address the home consumer market.
The experiment included sixteen hardy ferns or fern allies planted in a
randomized complete-block design with three plants per block and three blocks
per cultivar with four exposure treatments (36 plants per cultivar) (Table 1).
Transplants were planted into compost-amended ground beds on June 28, 2004.
At planting, 4-inch, gallon, or 8-inch squat pots of hardy ferns and fern allies were
spaced on 24 inch centers. Exposure treatments were designed to explore plant
performance in sun or shade locations with and without supplemental irrigation.
From June to October 2004 and 2005 plants were evaluated in garden soil
20 miles from the Gulf of Mexico at the West Florida Research and Education
Center (WFREC) in Milton. Eighteen grams of 14-14-14 (14N-6.2P-11.6K)
(Harrell’s, Lakeland, FL), were incorporated around each newly planted entry.
Plants were similarly fertilized in 2005 with a sidedress application made on
18 April. All plots received overhead irrigation from 28 June to 15 November for
establishment. All plants received irrigation in 2004 and irrigation treatments were
initiated at the start of the second growing season (1 May). Glyphosate was used
to control weeds.
Plants were evaluated for height, basal width, foliage width, and a subjective
visual evaluation of foliage quality following establishment (1 to 5 scale,
1 = excellent, 5 = poor). Results of these data were presented in 2005 (1). In
2005, after initiation of irrigation treatments, data were collected on 28 July and
26 August. Interaction of main effects and differences between means were
analyzed using the PROC GLM and LSMeans procedures of SAS.
Results and Discussion: Most ferns and fern allies performed differently under
the two sun exposures (Tables 2, 3 and 4). By August, many plants in sun plots
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had died or had visual quality ratings above 3 indicating they were not suited to
full sun culture. Based on mortality and poor visual quality ratings, a majority of
the ferns were deemed not suitable for sun culture regardless of the presence
of irrigation. Two notable exceptions were the arborvitae fern and southern
wood Fern. Both of these ferns had similar visual quality ratings and mortality
regardless of exposure or presence of irrigation. Southern wood fern produced
a visual quality rating of 3 in full sun which was mainly due to the presence of
ﬁrst year necrotic fronds on the perimeter of the spreading clump. This issue
demonstrates the importance of yearly maintenance (pruning) of southern wood
fern in full sun landscapes. Additionally, arborvitae fern exhibited greater growth
in height and width when grown in full sun plots. The Japanese painted fern
was another notable exception for sun culture in the presence of irrigation. The
visual quality rating for irrigated plants in full sun was 2.9 which was deemed
acceptable for landscape use while the visual quality rating for Japanese painted
ferns in full sun receiving no irrigation was 5 representing poor foliage qualities.
This was the only example among the ferns tested where the presence of
irrigation overcame the negative effects of full sun exposure. The desert lip fern
was the only fern in the trial that did not perform well regardless of sun exposure
or presence of irrigation. Surprisingly, this selection had greater survival in
nonirrigated, shade plots (75%) than in irrigated, shade plots (22%), and 100%
mortality with sun exposure.
Irrigation treatments had an impact on visual quality of ferns grown in shade.
Visual quality ratings for southern shield fern, tassel fern, royal fern, and
Japanese beech fern grown in the shade were all acceptable in the presence of
irrigation but visual quality ratings increased above a rating of 3 in non irrigated
plots. Golden selaginella was extremely sensitive to exposure and irrigation.
Only plants in shaded, irrigated plots survived and the visual quality of these
plants was nearly excellent. The poor visual quality of these ﬁve selections in
non irrigated plots demonstrates they are not suitable for landscape use without
supplemental irrigation.
Supplemental irrigation also had a positive effect on the height and width of
southern shield fern, Japanese painted fern, cinnamon fern and southern woody
fern grown in shade. Southern shield fern height increased more than 60% and
Japanese painted fern was nearly 3 times taller and wider in the presence of
irrigation. Height of cinnamon fern increased nearly 100% while width increased
nearly 65% in the presence of irrigation. Height of southern wood fern increased
50% while width increased nearly 70% with supplemental irrigation.
In the ﬁrst season of landscape evaluation royal fern, arborvitae fern, and
southern wood fern were identiﬁed as potential plants for use in full sun (1). This
recommendation was supported by a previously published recommendation
suggesting constant moisture be available (2). In this second year of our
evaluation royal fern did not continue to exhibit an acceptable visual quality
and is therefore recommended only for use in the shade. Arborvitae fern and
southern woody fern continued to perform well in full sun both with and without
supplemental irrigation and should be recommended for this landscape use
in north Florida landscapes. Additionally, Japanese painted fern may also be
recommended for full sun exposure in north Florida landscapes if supplemental
irrigation is available.
Plant Breeding & Evaluation Section
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Signiﬁcance to Industry: Fern trials have conﬁrmed the need to install most
fern and fern allies in a shady garden location. Ferns have been identiﬁed
that may be tolerant of much brighter landscape positions. In addition, speciﬁc
recommendations for ferns suitable for nonirrigated landscapes have been
identiﬁed for north Florida landscapes. This data should provide additional
information to better understand the relationship between sun and shade
exposure, irrigation, and long term fern performance.
Acknowledgements: Appreciation is given to Tom Dodd Nurseries, Semmes,
Al and Casa Flora, Apopka, Fl for supplying the ferns, Harrell’s for the fertilizer,
and Regina Sisler, Shannon Crowley, Bruce Furlow, Allen Hayden and northwest
Florida Master Gardeners for their technical support.
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Research Conference 50: 489-493.
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Table 1. Scientiﬁc and common names of 16 Fern or Fern Allies trialed in shade
and full sun.
Scientiﬁc Name
Dryopteris lidoviciana
Dryopteris erythrosora
Dryopteris cycadina
Dryopteris x australis
Polystichum polyblepharum
Polystichum acrestichoides
Cyrtomium falcatum ‘Rochfordianum’
Athyrium miponucum ‘Pictum’
Osmunda cinnamomea
Osmunda regalis
Arachniodes simplicior ‘Variegata’
Cheilanthes argentea
Selaginella kraussiana ‘Aurea’
Selaginella braunii
Thelypteris kunthii
Thelypteris decursive-pinnata
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Common Name
Southern Shield Fern
Autumn Fern
Shaggy Shield Fern
Dixie Wood Fern
Tassel Fern
Christmas Fern
Japanese Holly Fern
Japanese Painted Fern
Cinnamon Fern
Royal Fern
Variegated Holly Fern
Desert Lip Fern
Golden Selaginella
Arborvitae Fern
Southern Wood Fern
Japanese Beech Fern
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Table 2. Visual quality rating of 16 species of ferns and fern allies grown in
full sun or shade with or without supplemental irrigation 2 years after planting
(26 August 2005).

Species
Southern Shield Fern
Autumn Fern
Shaggy Shield Fern
Dixie Wood Fern
Tassel Fern
Christmas Fern
Japanese Holly Fern
Japanese Painted Fern
Cinnamon Fern
Royal Fern
Varietated Holly Fern
Desert Lip Fern
Golden Selaginella
Arborvitae Fern
Southern Wood Fern
Japanese Beech Fern

n
9
9
9
9
9
9
9
9
9
9
9
2
9
9
9
8

Visual Quality Ratingz
Irrigation
No Irrigation
Shade n Sun
n Shade n Sun
2.6
6 3.3
5
3.2
6 3.7
1.6
0
8
1.3
3 5.0
2.1
0
6
2.5
0
2.2
8 3.6
9
2.3
4 3.5
2.1
0
6
3.3
0
2.6
4 4.8
8
2.8
2 4.5
2.1
0
7
2.7
2 5.0
1.8
7 2.9
7
2.7
2 5.0
2.1
9 4.9
9
1.7
9 4.0
2.2
7 3.7
5
3.2
9 4.0
2.2
0
6
2.0
0
3.5
0
6
3.3
0
1.4
0
0
0
1.9
9 1.0
9
2.0
9 1.3
1.0
9 3.0
9
2.0
8 2.1
2.3
4 4.0
5
3.0
0
-

zVisual Quality Rating = (1 to 5 scale, 1 = excellent, 5 = poor); visual quality ratings above 3 were not
considered suited to full sun culture.

Table 3. Height (cm) of 16 species of ferns and fern allies grown in full
sun or shade with or without supplemental irrigation 2 years after planting
(26 August 2005).
Height (cm)
Species
Southern Shield Fern
Autumn Fern
Shaggy Shield Fern
Dixie Wood Fern
Tassel Fern
Christmas Fern
Japanese Holly Fern
Japanese Painted Fern
Cinnamon Fern
Royal Fern
Varietated Holly Fern
Desert Lip Fern
Golden Selaginella
Arborvitae Fern
Southern Wood Fern
Japanese Beech Fern

n
9
9
9
9
9
9
9
9
9
9
9
2
9
9
9
8

Irrigation
Shade n
40.7
6
59.0
0
41.2
0
58.2
8
23.0
0
36.5
4
35.5
0
35.7
7
41.0
9
27.2
7
26.5
0
7.3
0
4.4
0
21.3
9
56.2
9
28.2
4
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36.9
41.7
9.9
35.5
24.5
33.7
34.5
56.7
24.7

n
5
8
6
9
6
8
7
7
9
5
6
6
0
9
9
5

No Irrigation
Shade n Sun
25.2
6 37.5
48.0
3 27.7
35.4
0
54.3
4 40.0
26.7
0
33.7
2 22.9
27.0
2 9.8
12.4
2 8.6
21.8
9 35.3
21.8
9 24.0
30.5
0
11.8
0
0
18.2
9 33.7
28.2
8 47.2
31.3
0
-
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Table 4. Width (cm) of 16 species of ferns and fern allies grown in full
sun or shade with or without supplemental irrigation 2 years after planting
(26 August 2005).
Width (cm)
Species
Southern Shield Fern
Autumn Fern
Shaggy Shield Fern
Dixie Wood Fern
Tassel Fern
Christmas Fern
Japanese Holly Fern
Japanese Painted Fern
Cinnamon Fern
Royal Fern
Varietated Holly Fern
Desert Lip Fern
Golden Selaginella
Arborvitae Fern
Southern Wood Fern
Japanese Beech Fern

n
9
9
9
9
9
9
9
9
9
9
9
2
9
9
9
8

Irrigation
Shade n
47.7
6
72.0
0
57.4
0
63.7
8
31.5
0
39.9
4
52.3
0
44.7
7
58.1
9
37.5
7
39.3
0
9.6
0
54.7
0
41.5
9
65.5
9
33.4
4

Sun
29.3
35.6
8.5
32.4
18.8
34.2
64.7
70.2
20.7

n
5
8
6
9
6
8
7
7
9
5
6
6
0
9
9
5

No Irrigation
Shade n Sun
23.6
6 18.5
68.2
3 16.9
51.5
0
45.5
4 30.8
38.3
0
35.7
2 21.6
41.8
2 8.4
15.7
2 5.8
38.3
9 32.0
35.5
9 22.2
33.7
0
16.4
0
0
30.9
9 50.4
45.1
8 55.3
31.1
0
-

zVisual Quality Rating = (1 to 5 scale, 1 = excellent, 5 = poor); visual quality ratings above 3 were not
considered suited to full sun culture.
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The Utility of DNA Fingerprinting for Plant Patent
Protection: An Example from Lagerstroemia
Timothy Rinehart1, Robert Trigiano2, Wayne McLaurin3 and Patricia Knight3
1
USDA-ARS, Southern Horticultural Laboratory,
810 Highway 26 West, Poplarville, MS 39470
2
University of Tennessee, Department of Entomology and
Plant Pathology, Knoxville, TN 37901
3
Mississippi State University-Coastal Research and Extension
Center, P.O. Box 193, Poplarville, Mississippi 39470
trinehart@ars.usda.gov
Index Words: crapemyrtle, SSR, microsatellite, genotype, parentage
Signiﬁcance to Industry: The United States Patent and Trademark
Ofﬁce deﬁnes a plant as a “living plant organism which expresses a set of
characteristics determined by its single genetic makeup, or genotype…” Here
we demonstrate the utility of molecular markers to characterize the genome of a
crapemyrtle plant that was recently named in a plant patent application. Results
include a unique DNA ﬁngerprint for this plant when compared to crapemyrtles
with similar phenotype and veriﬁcation of the parents that produced it.
Nature of Work: Crapemyrtles are a popular woody landscape plant with more
than 200 named varieties, 120 of them in the wholesale nursery industry. As of
2004, at least 32 crapemyrtles were protected by plant patents (1). Plant patent
applications require botanical descriptions that identify the trait or combination of
traits which make the plant unique. Plant patents are only awarded to asexually
reproduced plants making them speciﬁc to a single genotype that theoretically
remains unchanged during the 20 years of patent protection. Advances in
biotechnology have made DNA ﬁngerprinting affordable. Molecular markers
are routinely used to characterize and defend intellectual property rights of
agronomically important plants but this technology is not usually applied to
ornamental plants despite the growing number of plant patents being issued.
The objective of this work was to establish the unique genotype of a new and
improved MSU crapemyrtle that has dark colored foliage. DNA ﬁngerprints were
compared to four crapemyrtle cultivars, ‘White Chocolate’, ‘Rhapsody in Pink’,
‘Burgundy Cotton’, and ‘Pink Velour’, which are available in the trade and have
dark foliage. We also used the DNA ﬁngerprints to verify the parentage of the
new MSU release which was described in ﬁeld notes as an F1 hybrid between
‘Tonto’ and ‘Red Rocket’.
DNA ﬁngerprints consisted of allele sizes for 74 simple sequence repeat (SSR)
loci. SSR markers were developed for Lagerstroemia and details of the methods,
which resolve allele sizes at single base pair level, can be found in Rinehart et
al (2). All plants were assumed to be diploid which was consistent with one or
two allele sizes that were found for each SSR locus where one allele represents
the maternal parent contribution and the other allele the paternal contribution.
Unambiguous determination of F1 parentage is possible, provided that the DNA
ﬁngerprints for the parents are available.
Plant Breeding & Evaluation Section
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We compared data from ‘Tonto’ and ‘Red Rocket’ to the new MSU crapemyrtle to
assess whether half of the new MSU release’s genotype came from ‘Red Rocket’
and the other half from ‘Tonto’. Half of the variation identiﬁed in ‘Red Rocket’
was also found in the MSU crapemyrtle but many alleles from ‘Tonto’ did not
appear in the new MSU crapemyrtle suggesting it was not a parent. We screened
41 additional cultivars with 4 SSR loci which, when we removed the alleles from
‘Red Rocket’, narrowed the pool of potential parents to 4. Those candidates were
screened with an additional 17 SSR loci which reduced the possible candidates
to one which was characterized at all 74 loci.
Results and Discussion: DNA ﬁngerprinting at 74 SSR loci indicate that the
genotypes for ‘Burgundy Cotton’, ‘Pink Velour’, ‘Rhapsody in Pink’, ‘White
Chocolate’ and the new MSU crapemyrtle are all genetically unique. Minimum
genetic distances are shown in Table 1 and suggest that some cultivars in this
study are more closely related than others. Speciﬁcally, ‘Burgundy Cotton’,
‘Pink Velour’, and ‘Rhapsody in Pink’ share more alleles with each other
than with others. All three cultivars were introduced by Carl Whitcomb which
is consistent with successive generations of breeding from related source
material. Average genetic similarity within Whitcomb releases is 81.2% but is
75.3% when comparing them to Mike Dirr’s ‘White Chocolate’ and 77.9% when
comparing them to the new MSU crapemyrtle. ‘White Chocolate’ and the new
MSU crapemyrtle are only 72.9% similar. Clustering in the principal coordinates
analysis (PCoA) suggests that there are at least three genetic backgrounds
represented by the dark foliage samples analyzed here (Figure 1).
‘Red Rocket’, ‘Tonto’, and ‘Sarah’s Favorite’ were evaluated at all 74 SSR loci
to explore their potential as parents of the new MSU crapemyrtle. Assuming
‘Red Rocket’ is a parent (96% match), parentage analysis identiﬁed ‘Sarah’s
Favorite’ as a 97% match, as opposed to ‘Tonto’ which is only 80% matching.
Without running all 74 markers with more cultivars, we have insufﬁcient data
to explain the 2 and 3 mismatches identiﬁed in ‘Sarah’s Favorite’ and ‘Red
Rocket’, respectively.
Literature Cited:
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Trademark Ofﬁce, Ofﬁce of Electronic information products/PTMD,
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Table 1. Genetic distances based on allele sharing for ﬁve crapemyrtle plants
with dark foliage.
Burgundy Pink Rhapsody
White
MSU
Cotton Velour in Pink Chocolate crapemyrtle
Burgundy Cotton

0

Pink Velour

0.1512

0

Rhapsody in Pink

0.1912

0.2209

0

White Chocolate

0.2289

0.2500

0.2619

0

MSU crapemyrtle

0.2093

0.2188

0.2355

0.2706

0

Figure 1. Principal Coordinates Analysis (PCoA) which shows clustering based
on the genotypes of ﬁve crapemyrtle plants with dark foliage.
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Breeding Cold Hardy Begonias
Cecil Pounders and Hamidou F. Sakhanokho
Southern Horticultural Laboratory, USDA, ARS, Poplarville, MS 39470
cpounders@msa-stoneville.ars.usda.gov
Index Words: Begonia semperﬂorens, B. ‘Kaylen’, B. cucullata, B. ﬁscheri,
B. ‘Barbara Rogers’, fertility
Signiﬁcance to Industry: In temperate regions of the U.S., Begonia is
considered to be a tropical genus with selections suitable for use as seasonal
bedding plants or indoor pot plants. Development of perennial begonia cultivars
should stimulate production expansion into new niche markets by offering
consumers new foliage and ﬂowering traits.
Nature of Work: The genus Begonia is one of the largest with more than
1500 recognized species form Central and South America, southeastern Asia
and southern Africa. Begonias are adapted to a wide range of climatic conditions
but species are usually restricted to very small geographical areas, primarily due
to poor ability to disperse seed. Isolation has led to the development of a number
of diverse traits with horticultural interest such as abundant colorful ﬂowers
and unique leaf colors and patterns. Many species are highly adapted to a
specialized set of ecological conditions while others are tolerant of environmental
ﬂuctuations.
Taxonomists have subdivided Begonia into 66 sections which vary in ﬂoral
traits and chromosome number (1). Horticulturists have generally adapted
a much simpler classiﬁcation with eight groups: cane, shrub, trailing, thick
stemmed, tuberous, rhizomatous, Rex-cultiform and Semperﬂorens-cultiform
(2). Differences in growth habit as plants mature complicate oversimpliﬁcation.
Neither taxonomic sections nor horticultural groups are accurate predictors of
successful inter-speciﬁc crosses. Species with similar traits are more likely to
produce viable seed but no universal rules to predict successful crosses within
the genus have been observed.
Introduction of new germplasm from China and South America that persist under
winter conditions in cold hardiness zones 6 and 7 has stimulated interest in
begonia as a component of perennial gardens. Selections with improved cold
hardiness can generally be subdivided into 3 groups. Species with greatest
winter hardiness generally originate from the Asian section Diptoclinium which
contains B. grandis (Fig. 1) and related species with tubers cold hardy in zone 6.
Species in this section tend to be fall bloomers with mediocre ﬂowers and foliage.
The second group is found in the South American sections Eupetalum and
Barya which contain B. boliviensis (Fig. 2) and other species used to develop
B. x tuberhybrida, horticultural varieties commonly produced as ﬂowering pot
plants. Members of this group can have spectacular ﬂowers but also have poor
tolerance of heat and resistance to disease. The third group originates from
species in the Central and South American sections Begonia and Pritzelia. These
two sections are closely related and contain species with a range of unique
foliage and ﬂower diversity which was used to develop the Semperﬂorens610
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cultiform group (Wax Begonias) and Angel Wing Begonia cultivars that are grown
extensively as bedding plants and pot plants (Fig. 3). The third group is reported
to have selections with roots tolerant of zone 7 winters.
Results and Discussion: A breeding collection of clones reported to be
perennials in cold hardiness zones 6 and 7 has been assembled for additional
evaluation of environmental tolerance and to determine fertility. Related species,
cultivars and varieties with desirable horticultural traits not currently recognized in
the cold hardy germplasm have also been collected for introgression into the cold
hardy lines. The parentage of many begonia cultivars and varieties in commerce
is poorly documented. All interspeciﬁc combinations which produce viable seed
have not been determined. Varieties of the semperﬂorens-cultiform group used
as bedding plants can be either diploids, triploids or tetraploids with associated
sterility (3). Other varieties and clones are the result of interspeciﬁc crosses
which are sterile. Identiﬁcation of fertile parents is the ﬁrst step to developing
improved cold hardy begonias.
Current begonia breeding efforts are focused on sections Begonia and Pritzelia.
To date cold hardy germplasm which has produced viable seeds includes
‘Kaylen’, B. cuculata and B. ﬁscheri. The clone ‘Babara Rogers’ (‘Friendship
Begonia’) appears to be sterile.
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Figure 1. Begonia grandis is representative of Asian section Diptoclinium which
contains some species that are root hardy to zone 6.

Figure 2. B. boliviensis is classiﬁed in South American section Barya and is
reported to be root hardy to zone 7B.
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Figure 3. Begonia cucullata is classiﬁed in Central and South American section
Begonia with selections reported to be root hardy to zone 7.

Plant Breeding & Evaluation Section

613

SNA RESEARCH CONFERENCE - VOL. 51 - 2006

‘Appalachian Joy’: A New Flowering
Dogwood Cultivar with Multiple Bracts
and Powdery Mildew Resistance
Alan S. Windham, Robert N. Trigiano and Mark T. Windham
University of Tennessee, Entomology and Plant
Pathology Dept., Knoxville, TN 37996-4560
rtrigian@utk.edu
Index Words: Cornus ﬂorida, Disease Resistance, Erysiphe pulchra, Flowering
Dogwood, Powdery Mildew
Signiﬁcance to Industry: Cornus ﬂorida, ﬂowering dogwood, is an important
ﬂowering woody ornamental that accounts for approximately 20% of
wholesale receipts for Tennessee nursery producers. Production of this
important ornamental tree has been hampered by powdery mildew, caused
by Erysiphe pulchra, since 1995. Fungicide treatments to control the disease
have signiﬁcantly increased the cost of production of susceptible dogwood
cultivars eroding the proﬁtability of the crop. Development of powdery mildew
resistant cultivars provides a cost-effective alternative to controlling the disease
with fungicides. Cornus ﬂorida ‘Appalachian Joy’ (patent pending) is a white
ﬂowering cultivar with very strong resistance to powdery mildew and also sports
supranumery (multiple: 4-8) bracts per inﬂorescence.
Nature of Work: A number of seedlings were selected for apparent disease
resistance from abandoned nursery rootstock ﬁelds in Decherd, TN in 1994
and 1995. Seeds planted in the ﬁeld were obtained by collectors and had
been gathered from multiple sites in Tennessee, Alabama and Georgia. The
seeds were prepared in mass and distinct origins of individual seeds were not
maintained. The methods and criteria used to make seedling selections in the
ﬁeld are provided in Windham and Witte (2).
Eighty-four seedlings exhibiting strong resistance to powdery mildew were
selected from the abandoned ﬁeld in 1995 and 20 of these were chosen for
additional evaluation. Six of lines from this group were asexually propagated for
use in ﬁeld evaluation. In 2001, trees, which eventually included the powdery
mildew resistance trees ‘Kay’s Appalachian Mist’ (PP # 13,098), ‘Karen’s
Appalachian Blush’ (PP# 13,165) and ‘Jean’s Appalachian Snow’ (PP# 13, 099)
(3) and now ‘Appalachian Joy’ (Patent Pending) were placed in three replicated
blocks in Nashville, TN. The blocks also included C. ﬂorida ‘Cherokee Brave’,
‘Cloud Nine’ and ‘Cherokee Sunset’ trees obtained from Tennessee nurseries.
‘Cherokee Brave’ has some resistance to powdery mildew (1), whereas ‘Cloud
Nine’ and ‘Cherokee Daybreak’ have very little resistance to the disease. Trees
were evaluated annually for four years.
Results and Discussion: Less than 2% of ‘Appalachian Joy’ foliage showed
either signs or symptoms of powdery mildew disease in each of the ﬁve years.
The level of resistance was similar to that exhibited by ‘Kay’s Appalachian
Mist’, ‘Jean’s Appalachian Snow’ and ‘Karen’s Appalachian Blush’ in this trial.
614
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‘Cherokee Brave’ showed moderate disease resistance with less than 25% of the
foliage affected, and over 50% and sometimes all of the foliage of ‘Cloud Nine’
and ‘Cherokee Daybreak’ exhibited disease and proved to be very susceptible as
in previous studies (1,3). In addition to powdery mildew resistance, ‘Appalachian
Joy’ also has supernumerary white bracts. The mean number of bracts
subtending the ﬂoral disk was 5.6 and ranged from 4 to 8. The fall foliage is a
spectacular orange-red color. The tree bears very red berries and after cleaning,
the seeds germinate readily after vernalization in moist cold (40F or 4C) for
four months.
In conclusion, ‘Appalachian Joy’ possesses signiﬁcant and similar resistance to
powdery mildew as other ‘Appalachian’ cultivars (3). Additionally, ‘Appalachian
Joy’ also has supernumerary or multiple bracts, which adds horticultural interest
and is relatively rare in ﬂowering dogwood cultivars.
Literature Cited:
1.

Windham, M. T. 1996. Resistance to powdery mildew in ﬂowering dogwood.
Proc. Southern. Nurserymen’s Assoc. Res. Conf. 41:197-199.

2.

Windham, M.T. and W.T. Witte. 1998. Naturally occurring resistance
to powdery mildew in seedlings of Cornus ﬂorida L. J. Environ. Hort.
16:173-175.

3.

Windham, M. T., W. T. Witte and R. N. Trigiano. 2003. Three white-bracted
cultivars of Cornus ﬂorida resistant to powdery mildew. HortScience
38:1253-1255.

Plant Breeding & Evaluation Section

615

SNA RESEARCH CONFERENCE - VOL. 51 - 2006

Analysis of Genetic Diversity in Selected
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Signiﬁcance to Industry: The genus Cornus consists of many species, of which
C. ﬂorida, C. kousa, C. mas and C. stolonifera are four main ornamental species
in North America, Asia and Europe. For example, over 200 cultivars of ﬂowering
dogwood (C. ﬂorida) have been developed for the nursery industry. Flowering
dogwood has become one of the most popular ornamental trees in the United
States (1). Many of the ﬂowering dogwood cultivars have similar phenotypes
and identiﬁcation of these cultivars is difﬁcult for breeders and nurserymen.
Although some speciﬁc phenotypes may be provided to identify some of these
cultivars, molecular markers have been widely applied in identiﬁcation among
different cultivars (2). Microsatellite loci or SSRs are useful markers for studying
genetic diversity between various species because of their abundance, high
polymorphism (variability) and simple application (3-5).
Nature of Work: The objective of this study was to investigate the genetic
diversity among four Cornus species. Evaluation of the diversity will be useful
in assessing the selection pressure of breeders and/or genetic drift of these
dogwood cultivars and breeding lines. Thirty SSR primer pairs (Wang et al.,
unpublished) were selected to examine 46 Cornus cultivars and breeding lines
of the four Cornus species and eight hybrids. This study included 26 C. ﬂorida
cultivars and lines, 15 C. kousa cultivars and lines, 4 C. stolonifera cultivars,
1 cultivar of C. mas and 8 hybrids between various Cornus species. Genomic
DNA from young leaves was isolated using the Qiagen miniprep Kit. Two ng of
DNA in a total of 10 µl volume were used for PCR ampliﬁcation. PCR products
were directly separated on HAD-GT12™ system (eGene, Inc. Irvine, CA USA).
All fragments were exported on the banding software on HAD-GT12™ system.
Data analysis was performed using NTSYS version 2.2.
Results and Discussion: An exceptionally high level of diversity was detected
among the 54 genotypes tested in both the number and size range of SSR
alleles. A total of 458 alleles with an average of 15.3 alleles per loci were
detected among these 54 genotypes. The selected Cornus cultivars and/or
lines were clustered into 4-6 subgroups. Some Cornus species were integrated
into other species group suggesting gene ﬂow between species via breeding or
evolution. SSR markers can contribute to the exploitation of genetic diversity for
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existing Cornus germplasm. The HAD-GT12TM system is a very robust and easy
to manipulate for SSR segregation. Compared to other molecular markers, SSRs
are more reliable in assessing the genetic diversity of a population. Also SSR
segregation using HAD-GT12TM system is more sensitive for allele segregation
and provides more precise information within Cornus species.
Acknowledgements: This study was funded by the USDA grant agreement
(#58-6404-2-0057).
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Signiﬁcance to the Industry: Heat inducible genes were identiﬁed in the warm
season turf grasses. Structural and functional studies of these two genes will be
useful for the understanding of the molecular mechanisms responsible for heat
tolerance in grasses.
Nature of Work: High temperatures cause changes in protein structures,
preventing them from carrying out their cell function (1). In sensitive plants,
elevated temperatures can accelerate senescence, diminish photosynthetic
activities, and reduce yields and quality (5, 6, 9). Losses due to heat stress are
common in most cereal-growing areas of the world. Wheat exposed to 28-32C
for 5-6 days can experience a 20% loss in yield. Under optimal temperatures,
wheat yield can be more that four time higher than those grown at hightemperatures (2).
This research was carried out to evaluate heat resistance in four turf grasses:
Bentgrass, Kentuchy Blue, Perennial Rye, and Burmuda. The heat treatments
use was 37C for 2-6 h. Fluorescent cDNA-Differential Display was used to
ﬁngerprinting the mRNAs in foliar tissue that changed following the heat
treatments. The mRNA isolated from leaf tissues was reverse-translated
into cDNA and ampliﬁed using arbitrary primers (RNAimage kit, Genehunter,
Nashville, TN). The Polymerase Chain Reaction (PCR) products were separated
in denaturing polyacrylamide/urea gel and signals were detected by scanning the
gel on a FMBIOIII Image Analyser.
Bands containing DNA that appeared on the polyacrylamide gel after heat
treatments or those with increased intensity were considered to contain partial
fragments of heat inducible genes. These bands were isolated from the gel and
re-ampliﬁed using the original primer combinations. Resulting PCR products were
cloned onto a PCR-Trap cloning vector and sequenced.
Results and Discussion: Among the gene fragments isolated, two were
identiﬁed through database searches. These searches showed that these
DNA sequences have high homology with genes that encode for ribulose 1,
5-bisphosphate carboxylase activase and thioredoxin. The other gene fragments
are novel to grass since no matching sequence was found in the database.
Rubisco activase is a temperature-dependent ATPase that causes conformational
changes in ribulose-1, 5-biphosphate carboxylase/oxygenase (Rubisco) enzyme
(4). It changes the enzyme from closed to open form, from inactive to active
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state. The activity of rubisco activase can cause reduction in photosynthesis (7).
High activity of ribulose 1, 5-bisphosphate carboxylase activase has been
reported to be important in providing heat tolerance in plants (3, 8). Thioredoxin
(TRX) is a key protein of the cellular redox metabolism. Increased production
of TRX is associated with increased resistance to oxidative stress. This protein
can be induced by heat treatments and other environmental changes. The upregulation of the two genes identiﬁed in this study may be related to the tolerance
to heat in the grass species evaluated.
Acknowledgements: Funding was supported from the USDA-CREES Capacity
Building Program.
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Signiﬁcance to Industry: Gardening for wildlife, especially butterﬂies, is
a growing niche market in retail garden centers throughout the US. Plants
sold in such retail outlets are often marketed as butterﬂy or wildlife “friendly.”
Most published references about butterﬂy gardening are based on the ﬁeld
observations of nature and gardening enthusiasts. More authoritative references
are made available by research ecologists, entomologists, and horticulturalists.
To date, few studies have been conducted that directly evaluate the usefulness
of various cultivated plants in attracting wildlife (see 1, 2, 3, 4, and 5). In addition,
the authors of this study were not able to locate any published studies that
could verify landscape plantings of ornamental crops were directly beneﬁcial
to butterﬂy populations. The present authors sought to develop a standardized
methodology by which ornamental plants marketed as butterﬂy nectar plants
could be evaluated to determine their relative potential usefulness in supplying
adult butterﬂies with nectar. This bioassay study does not attempt to determine
which plants/cultivars butterﬂies prefer, but rather the plant specie’s or cultivar’s
potential to provide energy and nutrients to adult butterﬂies as measured by the
life span of the adult butterﬂy.
Nature of Work: The purpose of this study is to develop a biological assay by
which to determine the relative value of four Pentas lanceolata cultivars (species,
‘Nova,’ ‘Monarch White,’ and ‘New Look’ red) as nectar source plants for the Gulf
Fritillary (Agraulis vanillae). Common thought among butterﬂy gardeners is that
the true species (red) is superior in attracting butterﬂies and providing nectar,
while the dwarf cultivars are the least effective. By determining the effect on the
lifespan of A. vanillae based on the number of ﬂower clusters and plant cultivar,
the authors sought to determine the relative value of a speciﬁc cultivar and ﬂower
cluster. The unit of “ﬂower cluster” was selected for this study not only for ease
but also for transferability to other plant species and sizes. Ultimately, based on
counting the number of ﬂower heads and plant types present, one would be able
to determine the relative nectar value of a plant species or cultivar.
Procedure: Cage setup: Eight ﬂight cages (4ft x 4ft x 4ft) split into two groups
of four were used for the study. The cages were constructed of 2in x 2in
pressure-treated pine and the sides were made of ﬁberglass window screening.
The bottom of each cage was suspended at ﬁve feet off the ground to permit
sufﬁcient air movement through the cage for butterﬂy ﬂight. Each cage grouping
was used to evaluate a speciﬁc P. lanceolata cultivar. Within each group of four
cages, varying numbers of P. lanceolata plants with ﬂowers were used to stock
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a ﬂight cage. The ﬁrst cage held four plants and only a single ﬂower cluster, the
second cage held four plants and two ﬂower clusters (on different plants), the
third cage held four plants and four ﬂower clusters (all on different plants), and
the ﬁnal cage had four plants and no ﬂower clusters. The non-ﬂowering plants
were added to the cages not only to make the various treatments as uniform as
possible, but also to provide refuge for the butterﬂy. It has been our experience
that A. vanillae performs and adapts better to conﬁnement if refugia is added.
The plant groupings were randomly assigned to a cage. The plants selected for
the experiment had only one ﬂower cluster; if other ﬂower clusters were present
then they were removed as well as developing ﬂower buds. The plants selected
for each replication had a ﬂower cluster that was as close as possible to 99%
fully expanded. The plants were watered just before placement in a ﬂight cage.
Watering continued every other day until completion of the replication. The plants
were irrigated by hand until water ran through the bottom of the pot.
Agraulis vanillae introduction: A. vanillae was chosen for the study because
the butterﬂy is adaptable to conﬁned areas, is native to Florida, has a relatively
short life span (5-21 days), and is readily available for purchase from butterﬂy
farms. The butterﬂy’s moderate size and proboscis length permit the butterﬂy to
be used on a wide range of potential nectar plants. Chrysalides were purchased
from a local butterﬂy farm (Greathouse Butterﬂy farm, Melrose, Florida) in groups
of about 30. Once four butterﬂies emerged within the same 12-hour period,
one butterﬂy was placed into each of the four cages of a group. The sex of the
butterﬂy was kept consistent within a particular replication (i.e., all males or all
females). Each butterﬂy was monitored for ﬁve minutes twice a day. A record
was kept as to when the butterﬂy was introduced and how long the butterﬂy was
able to live on the provided nectar. Once all butterﬂies died, the procedure was
repeated with a different P. lanceolata cultivar.
Results and Discussion: During the summer of 2005 many, of the butterﬂy
suppliers’ A. vanillae cultures developed production related problems that
reduced their ability to supply enough butterﬂies for this study. In addition,
eclosion was much more variable than predicted. Eclosion occurred in as short
a time as one day and as long as two weeks after pupae shipment arrival. As a
result, in future studies 50 chrysalides will be budgeted to ensure at least four
butterﬂies eclose on the same day within 12 hours of each other. As expected,
the sex ratio at emergence was about 1:1 in this study.
The number of ﬂower heads provided to the butterﬂies from which to feed was
changed as the study evolved to ensure separation of data and uniformity of the
plants used in the experiment. Originally the butterﬂies were to be provided with
1, 2, 3, or 4 ﬂower heads. Early trials indicated that there was not a signiﬁcant
difference in the lifespan of the butterﬂy under this scheme (especially between
the 3 and 4 ﬂower head treatments). In addition, since it was not always possible
to observe the butterﬂies feeding, there was no way to know that short lifespan
was due to lack of nectar rather than lack of feeding by the butterﬂy. As a
result, the 3 ﬂower head treatment was replace with a 0 ﬂower head treatment.
The 0 ﬂower treatment would provide a base line from which to compare the
other treatments.
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Overall, this study proved to be a good pilot study from which future nectar
plant evaluations could be conducted. While trends can be seen in the data
from this study (see table 1), the number of replications was too low to derive
any signiﬁcant results. The authors look forward to repeating this study in
Spring 2006.
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Table 1: Life span of adult Agraulis vanillae (Nymphalidae) on various
P. lanceolata (rounded to the nearest half day).
Average
Number Average Lifespan Average Lifespan Lifespan of
of Flower of A. vanillae on of A. vanillae on A. vanillae on
Heads
true species (red) ‘New Look’ (red) ‘Nova’ (pink)

Average Lifespan
of A. vanillae on
‘Monarch White’
(white)

0

2.5

-

3

4.5

1

7

4

5.5

6.5

2

6.5

4

8.5

6.5

3

7

4.5

14.5

10.5

4

5

5

9

13
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