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Effects of Medium on Rooting of Clematis socialis
Stem Cuttings
L. L. Bruner, D. J. Eakes, J. Sibley, C.M. Morton, P. R. Knight, and J. J. Cain
Auburn University, Department of Horticulture, Auburn, AL. 36849
Index Words: Clematis socialis, Alabama Leather Flower, Propagation
Nature of Work: Clematis socialis or Alabama leather flower is a
federally-listed endangered species native to northeast Alabama and
northwest Georgia. C. socialis is characterized by erect stems lacking
tendrils and colonizes by underground rhizomes. Flowers are solitary,
urn-shaped and blue-violet in color (1). The few known populations in
Alabama are subject to repeated disturbance (2). The species is vulnerable to
extinction because the populations occupy no more than a few acres (1).
Propagation of C. socialis could aid in producing plants to establish
additional self-sustaining populations, new genetic material for hybrization,
and provide a source for horticultural demand, reducing collection from the
few natural existing populations. Propagation techniques and mediums for
other Clematis sp. have shown varying success, and are cultivar and
species dependent (3, 4, 5). Currently, sand is the primary medium for
commercial clematis propagation in the United States (5). The objective
of these studies was to 1.) determine the effectiveness of four different
non-amended media and 2.) determine the effect of dolomitic limestone
amended media on root development and growth of Clematis socialis.
On May 26, 2000, mature two-node cuttings of Clematis socialis were
collected from a Department of Transportation highway easement
located in Cherokee County, Alabama. One inch of stem tissue was left
on the bottom-most node and one-half inch on the uppermost node.
Blooms and seed heads were removed during collection. Cuttings were
placed in plastic bags on ice for transport to Auburn University. Later
during the same day, 1,000 ppm of indole-3-butyric acid (IBA) and 500
ppm of naphthalene acetic acid (NAA) was applied to cuttings for approximately
five seconds with the first node submerged.
Experiment 1. Cuttings were stuck in 606 cell packs with a volume of 10
in3 per cell (163 cm3) containing the following non-amended medias:
•
Sand;
•
Perlite;
•
Vermiculite;
•
1-1-1 by volume sphagnum peat, pine bark, and sand.
Experiment 2. Cuttings were stuck in 606 cell packs containing a 2-1-1
by volume sphagnum peat, pine bark, and perlite medium amended with
358

SNA RESEARCH CONFERENCE - VOL. 46 - 2001
the following concentrations of dolomitc limestone:
• 2.5 pounds per cubic yard (lbs/yd3) [1.48 kilograms per cubic meter
(kg/m3)];
• 5.0 lbs/yd3 (2.9 kg/m3);
• 7.5 lbs/yd3 (4.5 kg/m3);
• 10.0 lbs/yd3 (5.9 kg/m3);
• 12.5 lbs/yd3 (7.4 kg/m3);
• 0 (control).
Cell packs were placed in trays under intermittent mist (6 seconds every
5 minutes from 7:30 A.M. to 6:30 P.M.) in a double-poly greenhouse.
Greenhouse temperature controls were set at 70° F and 80° F (21° C
and 27° C). Average mid-day light levels were 950 micromoles (µmol).
The experimental design was a randomized complete block design of six
plants with four replications. Data collection included root ratings (0 to 4,
with four highest), root number, and the average length of the three
longest roots 10 weeks after treatment. Additionally, leachate was
collected using the Virginia Tech Extraction Method (VTEM) to assess
the pH of the media.
Results and Discussion: In the first experiment, root lengths of C.
socialis cuttings grown in sand, vermiculite, or perlite were significantly
greater than those in a peat/pine bark/sand mix (Table 1). Root number
and quality ratings were greatest for cuttings grown in sand and perlite.
Mean survival rate of cuttings was similar between sand, vermiculite, or
perlite media and ranged from 58% to 70%. Similar survival rates were
found in a previous study evaluating the rooting of several commercially
grown Clematis cultivars and species using sand or perlite media (5).
Mean survival rate of cuttings grown in the peat/pine bark/sand mixture
was lowest (12%).
The pH of the peat/pine bark/sand medium differed significantly from the
other media. Mean pH of the peat/pine bark/sand medium was 4.9
compared to 6.5 to 6.6 for the vermiculite, perlite, and sand (data not
shown). The pH of the greenhouse irrigation water was 6.4 to 6.5.
Root length, number, and quality rating in the second experiment increased
linearly with increasing rate of dolomitic limestone incorporation (Table 2).
With increasing rate of dolomitic limestone, root length increased 35 to
1188% compared to non-amended controls, 40 to 420% for root number,
and 33 to 367% for quality rating. Survival rates of cuttings grown in
medium amended with increasing rates of dolomitic limestone were
similar to those grown in non-amended medium. The mean pH of media
in the dolomitic limestone amendment study ranged from 4.8 (non-amended
control) to 6.9 [7.5 lbs/yd3 (4.5 kg/m3)].
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Significance to Industry: Results of these experiments show that medium
type and dolomitic limestone amendment to a spaghnum peat-based medium
affect the rooting of C. socialis. Root length, number, and quality were
greatest in medium amended with the highest rate (12.5 lbs/yd3) of
dolomitic limestone. For non-amended media, C. socialis cuttings were
least successful in a peat/pine bark/sand mixture compared to those of
sand, vermiculite, or perlite. Similar results were found in a previous study
of commercial grown Clematis cultivars and species where a peat-based
medium resulted in inferior rooting (5). The peat/pine bark/sand mixture
had a significantly lower pH (4.9) than the other three media due to the
presence of peat and pine bark. The pH of the sand, vermiculite, and
perlite media was likely influenced by the irrigation water that exhibited a
more neutral pH range (6.5).
At the time of cutting collection soil samples were collected from the area
containing the C. socialis. Based on laboratory analytical results, the pH
of the native soils is naturally alkaline and ranged from 6.8 to 7.3. Based
on the results of this experiment, this characteristic of C. socialis appears
to influence the success of adventitious root formation and growth.
Literature Cited:
1. Norquist, C. 1989. Alabama leather flower Clematis socialis recovery
plan. U.S. Fish and Wildlife Service.
2. Boyd, R.S. and C. D. Hilton. 1994. Ecologic studies of the endangered
species Clematis socialis Kral. Castanea 59:31-40.
3. Hatch, T.C. 2000. New Zealand clematis from cuttings. Proc. Intl.
Plt. Prop. Soc. 50:186-188.
4. Evison, R.J. 2000. Propagation of clematis. Proc. Intl. Plt. Prop.
Soc. 50:436-440.
5. Erwin, J.E., D. Schwarze, and R. Donahue. 1997. Factors affecting
propagation of Clematis by stem cuttings. HortTechnology 7:408-410.
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Effects of Commercial Rooting Hormones and Environment in
the Cutting Propagation of Rosa banksiae ‘Lutea’
Eugene K. Blythe and Jeff L. Sibley
Department of Horticulture, Auburn University, AL 36849
Index Words: Rosa banksiae ‘Lutea’, Auxins, Cutting Propagation,
Rooting Hormones
Nature of Work: Lady Banks’ Rose (Rosa banksiae), is a sprawling
evergreen that in most cases is completely thornless, with a spectacular
flower display in the spring often used as a climber or hedge-type plant.
Rosa banksiae ‘Lutea’, with double yellow flowers considered as scentless
(4) to mildly fragrant, is the most hardy and common selection associated
with the species (3). Lady Banks’ roses are reported to root readily from
softwood cuttings (1) and in hydropropagation (2).
In this study, cuttings of Rosa banksiae ‘Lutea’ obtained from container-grown
production plants at Monrovia Nursery Company in Azusa, California were
evaluated for response to four different auxin treatments. Semi-hardwood
medial cuttings were prepared in late August using firm, green wood
following a flush of growth. Cuttings with three to four nodes were prepared
with a 3” stem, two or three mature leaves on the upper nodes, and a
leafless node at the base. Cuttings received a quick basal dip into their
respective auxin treatments and were stuck into 16” x 17” x 2.2” polypropylene
cutting flats containing a 1:9 (v:v) peat:coarse perlite substrate.
The four auxin treatments used in the trial consisted of: 1. Dip ‘N Grow
liquid (Astoria-Pacific, Clackamas, OR) diluted 1:9 (v:v) with a 50%
methanol solution, providing 1000ppm IBA and 500ppm NAA; 2. Dip ‘N
Grow‘ liquid diluted 1:3 (v:v) with a 50% methanol solution, providing
2500ppm IBA and 1250ppm NAA; 3. Hormex No. 1 powder (Brooker
Chemical, Chatsworth, CA), providing 1000ppm IBA; 4. Hormex No. 3
powder, providing 3000ppm IBA. There were 155 cuttings per replicate
(cutting flat) and 17 replicates per treatment.
Cutting flats were placed in a randomized order on concrete rooting beds
in Azusa, California under four environments: 1. Outdoors in full sun; 2.
Outdoors with 55% shade provided by overhead shade fabric; 3. Indoors
within a fiberglass-glazed greenhouse with a pad and fan cooling system.
Cuttings received overhead mist with 1/4 E5 parasol nozzles (Spraying
Systems, Wheaton, IL) provided with an 8-second duration and varying
frequency (once every 6 to 60 minutes during daylight hours, depending
on ambient temperature and wind, in order to keep cuttings slightly
moist). Cuttings remained in their respective propagation environments
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for seven weeks for rooting, after which overhead mist was discontinued
to allow for acclimatization of the rooted cuttings. Rooting percentages
were determined after two additional weeks. Cuttings were considered
rooted if the root systems were judged large enough to endure hand
potting and subsequently provide high survivability and growth in liner pots.
Results and Discussion: Many of the treatments produced similar
results in rooting percentage. Cuttings treated in any particular rooting
hormone produced similar rooting percentages among the three environments
with only one exception. Cuttings treated with Dip ‘N Grow 1:3 and placed
outdoors under 55% shade rooted better than cuttings treated with the
same hormone and placed indoors. Cuttings treated with Dip ‘N Grow
1:3 and placed outdoors under 55% shade also rooted better than cuttings
treated with Hormex 1 and placed indoors or under 55% shade, and
better than cuttings treated with Hormex 3 and placed in the sun or indoors.
Significance to the Industry: While general guidelines on treatments for
cutting propagation of woody ornamentals often center on selection of a
rooting hormone, the environment in which the cuttings are to be rooted
should also be considered. The rooting environment can exert notable
effects on rooting time and rooting percentage due to differences in the
amount of light, air circulation, relative humidity, and other factors.
However, if cuttings of a particular crop root equally well in more than
one environment, the propagator may find it advantageous to select the
environment with the lowest installation and maintenance costs. Likewise, if
a crop responds equally well to a range of auxin treatments, the propagator
can select the product and concentration that is most economical. By
conducting trials with the commercial auxin formulations and propagation
environments available to them, commercial propagators may select the
optimal treatments for their specific crops.
Literature Cited:
1. Dirr, M.A. 1998. Manual of Woody Landscape Plants. 5th Ed. Stipes
Publishing, Champaign, IL. pp. 122-125.
2. Wilkinson, R.I. 1994. The adventitious rooting of vegetative cuttings
using hydropropagation. Combined Proc. Intl. Plant Prop. Soc.
43:41-47.
3. www.support.net/medit-plants/plants/rosa.banksiae.html. 6/1/2001.
4. www.wysiwyg://54/http://www.desert-tropicals.com/Plants/Rosaceae/
Rosa_banksiae.html. 6/1/2001.

363

SNA RESEARCH CONFERENCE - VOL. 46 - 2001
Table 1. Mean rooting percentages for cuttings of Rosa banksiae ‘Lutea’
treated with commercial auxin formulations and rooted in three environments.
Formulation

Environment

Percent Rooted

Dip ‘N Grow 1:9

Full Sun

61.3%abZ

Dip ‘N Grow 1:9 55%
Dip ‘N Grow 1:9
Dip ‘N Grow 1:3
Dip ‘N Grow 1:3 55%
Dip ‘N Grow 1:3
Hormex 1
Hormex 1
Hormex 1
Hormex 3
Hormex 3
Hormex 3

Shade
Greenhouse
Full Sun
Shade
Greenhouse
Full Sun
55% Shade
Greenhouse
Full Sun
55% Shade
Greenhouse

62.7%ab
59.6%ab
64.3%ab
66.6%a
53.7%b
63.7%ab
57.0%b
54.3%b
55.7%b
59.6%ab
53.5%b

Z

Means within a column followed by different letters are significantly
different according to Duncan’s Multiple Range Test (a=0.05).
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Impact of Hormone Concentration for Propagation of
Native Azaleas
Patricia R. Knight, Shani L. File, Robert F. Brzuszek
Coastal Research and Extension Center,
2710 Beach Blvd., Suite 1-E, Biloxi, MS 39531
Index Words: Florida azalea, K-IBA
Nature of Work: Native azaleas add a unique character to the landscape
in the early spring when few other plants are blooming, and one of the
earliest flowering species is Rhododendron austrinum (Florida azalea).
Florida azalea is native from northern Florida, southern Georgia and
Alabama into southeastern Mississippi. Flower color ranges from yellow
to orange.
Bir (1) reported that propagation success with native azaleas is species
dependent and recommended IBA concentrations ranging from 1,000 to
2,500 ppm using softwood cuttings. Galle (3) reported Florida azalea
rooted easily using softwood cuttings. Dirr and Heuser (2) described stoloniferous native azaleas as easier to root compared to non-stoloniferous azaleas.
Finally, cuttings seem to perform best when left undisturbed until the following
spring (1). The literature offers little information concerning specific hormone
recommendations and misting interval for Florida azalea. Therefore, the
objective of this study was to determine optimum misting intervals and
hormone concentrations for softwood cuttings of Florida azalea.
Six inch (15 cm) terminal softwood cuttings of Florida azalea were taken
April 28, 2000, from a native bush at the Crosby Arboretum, Picayune
MS (USDA Hardiness zone 8b). Cuttings were stored at 100% relative
humidity prior to being stuck on April 29, 2000. Two to 4 terminal leaves
were left on each cuttings, and the basal end was double-wounded to a
length of 1 inch (2.5 cm). Cuttings were quick-dipped (5 sec) into the
appropriate K-IBA solution and immediately stuck into 3.5 inch (8.8 cm)
containers to a depth of 1 inch (2.5 cm). Propagation media was 100%
pine bark amended with 5 lbs/yd3 dolomitic limestone (2.9 kg/m3) and 1.5
lbs/yd3 Micromax (0.9 kg/m3). Cuttings received mist from 8:00 to 16:30.
Hormone concentrations were 0, 2000, 4000, 6000, 8000, or 10000 ppm
K-IBA. Misting intervals were 8 sec/4 min followed by 6 sec/6 min or 4 sec/
2 min followed by 2 sec/4 min. All treatments received bi-weekly fertilization
at 200 ppm after root initiation (approximately three weeks after sticking).
Treatments were organized in a 2 (mist interval) x 6 (hormone concentration)
factorial arranged in a randomized complete block design with 12 single
plant replicates. Six replicates were harvested on August 8, 2000, and
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root number, root length (three longest), root ratings, and rooting percentages
were recorded. All data were subjected to ANOVA and means were
separated using Fisher’s Protected Least Significant Difference (LSD,
p < 0.05).
Results and Discussion: Root lengths and ratings increased linearly
with increasing hormone concentration, but mean separation indicated
that increasing the hormone level from 8000 to 10000 ppm had no
significant impact on root lengths or ratings (Table 1). Misting interval
had no influence on rooting (data not shown). There was a significant
interaction between interval and concentration for root number (Table 2).
While mist interval did not impact root number for 0, 2000, or 4000 ppm,
8 sec/4 min reduced root numbers for both 8000 and 10000 ppm treatments. Rooting percentages were 75 and 67% for 8 sec/4 min or 4 sec/2
min, respectively (data not shown). Percentages were 42, 67, 67, 75,
75, and 100% for 0, 2000, 4000, 6000, 8000, or 1000 ppm K- IBA,
respectively.
Significance to Industry: Although a lower percentage of cuttings
rooted using 4 sec/2 min, root numbers were improved at higher
hormone concentrations indicating that those plants might have a more
vigorous root system. Although root ratings, lengths, and numbers were
similar for cuttings propagated using 8000 or 10000 ppm K-IBA, 100% of
cuttings propagated using 10000 ppm K- IBA rooted indicating that the
highest rate of hormone might be most viable.
Literature Cited:
1. Bir, R.E. 1992. Growing and propagating showy native woody
plants. The University of North Carolina Press, Chapel Hill, North
Carolina, and London.
2. Dirr, M.A. and C.W. Heuser, Jr. 1987. The reference manual of
woody plant propagation: From seed to tissue culture. Varsity Press,
Athens, Georgia.
3. Galle, F.C. 1987. Azaleas. Timber Press, Inc., Portland, Oregon.
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Table 1. Influence of K-IBA concentration and misting interval on root
length and ratings for Florida azalea.
Hormone concentration (ppm)

Root length (cm)

Visual root ratingz

0
1.3cy
0.7d
2000
1.8c
1.4cd
4000
2.4bc
1.6cd
6000
3.1b
2.6bc
8000
4.2ab
3.5ab
10000
5.7a
4.1a
Significance
Interval
NS
NS
Concentration
**
**
Interval*Concentration
NS
NS
Replication
NS
NS
Regression
Linear
**
**
Quadratic
NS
NS
z
Visual ratings ranged from 1-5 with 1 being unhealthy and 5 being
vigorous.
y
Means followed by the same letter are not significantly different.
X
NS, *, or ** means nonsignificant or significant at the 5 and 1% levels
respectively according to LSD, p<0.05.

Table 2. Influence of K-IBA concentration and misting interval on root number.
Hormone concentration (ppm)

Misting interval

Root number

4 sec/2 min

6.6dez

8 sec/4 min

3.0e

2000

4 sec/2 min
8 sec/4 min

9.0cde
9.1cde

4000

4 sec/2 min
8 sec/4 min

7.6cde
20.0cde

6000

4 sec/2 min
8 sec/4 min

20.8cde
28.3bc

8000

4 sec/2 min
8 sec/4 min

58.6a
18.8cde

10000

4 sec/2 min
8 sec/4 min

48.5ab
31.2cd

0

Z

LSD
3.6
Means followed by the same letter are not significantly different.
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Propagation Advances at the JC Raulston Arboretum
Christopher Todd Glenn, Mitzi Hole, and Todd Lasseigne
North Carolina
Index Words: Stem cuttings, difficult-to-root, softwood cuttings,
hardwood cuttings
Nature of Work: During 2000, the horticultural staff at the JC Raulston
Arboretum propagated numerous plants including many that were
reportedly difficult to propagate or for which there was no propagation
information available (1, 2). Much of the propagation was due to the
impending construction of the Ruby C. McSwain Education Center.
Relocation of many of the plants on the construction site’s footprint was
either impractical or impossible due to their size. Numerous successes
and failures occurred, some of which are presented in this paper.
Softwood and hardwood stem cuttings were collected from mature
plants in the Arboretum in April-June 2000 and December 2000,
respectively. Cuttings were trimmed to a length of 6” (15 cm). They
were treated with Hormex #3, #8, and/or #16 and placed in a raised
greenhouse bench under intermittent mist operating every 10 minutes
for 6 seconds during daylight hours. Neither bottom heat nor supplemental
lighting was provided during rooting. Rooting media was a 2:1
perlite:pine bark mix (v:v).
Results and Discussion: Many vegetative propagation attempts
resulted in cuttings that rooted; although, some did not (Table 1). For
species treated with two or three Hormex formulations, higher IBA
concentrations had no increased effect compared to the lower concentration.
Percent rooting for Acer pilosum var. stenolobum, Alnus glutinosa
‘Imperialis’, Cercis canadensis ‘Covey’ (Lavendar TwistTM), Cornus mas
‘Spring Glow’, Picea pungens ‘Iseli Foxtail’, Prunus persica ‘Corinthian
White’, and Sequoiadendron giganteum ‘Hazel Smith’ varied from 50–
100%, although most were above 60%. The greater percent rooting for
Cercis canadensis ‘Covey’ compared to the other redbuds in the
Arboretum may have been due to its younger age. Conversely, percent
rooting for Acer buergerianum ‘Naruto Kaede’, Celtis species, many of
the Cercis species and cultivars, Robinia pseudoacacia ‘Lace Lady’,
Ulmus alata ‘Lace Parasol’, and Zelkova species and cultivars was 20–
30%. Regretfully, rooting was not successful for Cercis canadensis
‘Silver Cloud’ and ‘Forest Pansy’.
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Many cuttings, including most Cercis species and cultivars, Cornus mas
‘Spring Glow’, Picea pungens ‘Iseli Foxtail’, Sequoiadendron giganteum
‘Hazel Smith’, Ulmus alata ‘Lace Parasol’, and Zelkova species and
cultivars required three to six months for rooting. Otherwise, rooting
occurred one to two months.
All rooted Cercis and Zelkova species and cultivars were potted into 1-quart
(0.95 L) containers using a pine bark medium with slow release fertilizer
added and were placed under high-intensity discharge (HID) lamps in
September for two to three months to encourage a second growth flush.
Upon leafing out, plants were placed in a cold greenhouse for the winter.
These species have been reported as difficult to root and, if rooted, often
do not survive the winter, possibly due to low carbohydrate levels.
Ninety percent of rooted cuttings leafed out after placement under HID
lamps, and all those overwintered successfully.
Significance to the Industry: While vegetative propagation for many
plants continues to be challenging, some plants that have been reported
as difficult to propagate or for which no information has been reported
may successfully root from stem cuttings. Although some of these
propagation success stories were attributable to the use of HID lights
following initial rooting, the primary goal of this project was to preserve
germplasm that would have otherwise been lost due to construction of
the Ruby C. McSwain Education Center at the JC Raulston Arboretum.
Future work on any of the above listed taxa could address all listed
factors in more detail than was possible during last year’s mass
propagation efforts. However, this work constitutes additions to the
body of propagation knowledge available on these taxa.
Literature Cited:
1. Dirr, M.A. 1990. Manual of Woody Landscape Plants: Their Identification,
Ornamental Characteristics, Culture, Propagation and Uses. 4th ed.
Stipes Publishing Co., Champaign, IL.
2. Dirr, M.A. and C.W. Heuser, Jr. 1987. The Reference Manual of
Woody Plant Propagation. Varsity Press, Inc. Athens, GA.
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Rooting ‘Little Gem’ Magnolia: Cell-U-Wett or Water?
Karen Childs and Richard C. Beeson, Jr.
University of Florida, Mid-Florida Research and Education Center
Apopka, FL 32703
Index Words: Southern magnolia, Magnolia grandiflora (L.) ‘Little Gem’,
propagation, IBA, NAA, cuttings, wounding
Nature of Work: Successful vegetative propagation of Southern magnolia
(Magnolia grandiflora L.) is limited by very specific requirements in terms
of age and source of cuttings, time of year, and rooting PGRs (plant
growth regulator compounds). In general, young, semi- hardwood tissue
yields the best results, with better rooting achieved when cuttings are
taken in the summer (3). Auxin concentrations ranging from 5000 to
20,000 ppm (0.02 to 0.1 mM IBA, 0.03 to 0.1 mM NAA, or some
combination of the two) have been recommended (2, 3). Furthermore,
optimal rooting conditions appear to be highly cultivar-dependent,
requiring propagators to fine-tune their procedures to determine the best
method for the cultivar(s) of interest (3).
Since the mid-1990s, anecdotal evidence has suggested that the adjuvant
product Cell-U- Wett (Griffin Corp., Valdosta, GA) may offer advantages
when used as the dilutant for liquid auxin solutions. Some commercial
propagators have reported accelerated root generation and improved
rooting of low-rooting species with Cell-U-Wett. Beeson (2) reported
rooting of several shrub species was similar for both water- and Cell-UWett-based solutions. However, use of Cell-U-Wett reduced time
required to treat cuttings from 3 to 4 seconds to less than one second - a
significant time savings when sticking thousands of cuttings. The
following experiment was undertaken to determine if Cell-U-Wett offered
any benefits for the propagation of Southern magnolia by cuttings.
On October 18, 2000, terminal shoots of ‘Little Gem’ Southern magnolia
were collected from young trees 4 to 5 ft (1.2 to 1.5 m) in height. Shoots
were between the semi-hardwood and hardwood stages. Cuttings were
trimmed to a uniform 4-inch (10.2 cm) length, and leaves removed from
the bottom two-thirds of the stem. Solutions containing 2500 ppm (0.008
mM IBA + 0.005 mM NAA) and 5000 ppm (0.02 mM IBA + 0.01 mM
NAA) auxin from Dip ‘N Grow (10,000 ppm IBA (0.05 mM) + 5000 ppm
NAA (0.03 mM); Astoria-Pacific, Inc., Clackamas, OR) were prepared,
using either water or a Cell-U-Wett solution consisting of 2 tbsp (approx.
12 g) powdered Cell-U-Wett per liter of water. Half of all cuttings were
wounded prior to auxin treatment. Wounding was accomplished by
removing two 1/4-inch (0.6 cm) strips of bark about 3/4-inch (1.9 cm)
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long on opposite sides of the cut end with a sharp knife. All cuttings
were dipped into the appropriate solution to a depth of 1/2 inch (1.3 cm).
Cuttings treated with water-based solutions were held in solution for 4
seconds, while cuttings treated with Cell-U- Wett-based solutions were
dipped as quickly as possible. Seventy-five cuttings were used for each
of the 8 treatments (2 auxin concentrations x 2 dilutants x 2 wound
treatments (wounded or not)). Cuttings were stuck into 4 1/2 -inch (11.4
cm) plastic pots containing Fafard Mix #2 (Fafard Inc., Anderson, SC)
and placed in plastic trays on a heated rooting bed with intermittent mist
(13 sec/10 min), initially from half an hour after dawn until sunset.
Minimum soil temperature was maintained at 70 F (21 C). Beginning at
14 weeks after sticking (February 1, 2001) and continuing every two
weeks thereafter to 20 weeks (March 15), five randomly chosen plants
from each treatment were removed, roots were washed and removed,
and root dry weights determined. Final root dry weights were collected
at 23 weeks (April 7), at which time the presence or absence of roots
was recorded for all remaining cuttings. Data was analyzed as a 2 x 2 x
2 factorial with mean separation by Fisher’s Protected LSD where
appropriate. Root dry weights were analyzed individually for each data
collection time. Dead cuttings were not included in treatment means.
Results and Discussion: Root dry weight of ‘Little Gem’ Southern
magnolia cuttings was not affected by auxin concentration or dilutant
used. Wounding however, produced significantly (P<0.05) greater root
dry weights at 16 weeks and each sampling thereafter (Table 1). On
average, root dry weights were several times heavier for wounded
cuttings than those non- wounded at each sampling except for week 23.
However, it should be noted that 40% of the non- wounded cuttings
sampled at week 23 were dead, while all wounded cuttings were alive.
Final rooting percentage at 23 weeks was dependent on the dilutant
used. Water-based solutions produced higher rooting success (68.7%)
than solutions made with Cell-U-Wett (57.9%). These rooting percentages are similar to those observed by Perry and Vines (2) using Southern
magnolia cuttings collected from young trees and treated with 8000-20,000
ppm IBA. Wounding, however, had the greatest effect on rooting
percentage. Eighty-seven percent of the remaining wounded cuttings
rooted, regardless of dilutant used, compared to 40.1% of remaining
non-wounded cuttings. Rooting percentages of 80% or more have been
previously reported for Southern magnolia cuttings collected during summer,
wounded, and treated with 5000 ppm IBA for a minimum of 10 seconds (3).
Significance to the industry: Our results indicate that the use of Cell-UWett as the dilutant for auxin solutions offers no benefit for propagation
of Southern magnolia in terms of root production. The dilutant used had
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no effect on the dry weight of roots, and rooting percentage was about
10% less when Cell-U-Wett was used compared to water. Regardless of
the composition of the rooting solution, wounding vastly improved both
root dry weight and rooting percentage of ‘Little Gem’ Southern magnolia
cuttings. Even though cuttings were collected outside the optimal time of
year, wounding resulted in rooting percentages of close to 90%, more
than twice that of non-wounded cuttings.
For propagation of ‘Little Gem’ Southern magnolia cuttings, wounding is
clearly a key to achieving high rates of rooting with abundant root mass
accumulation, especially during off-peak seasons. When cuttings were
wounded, the dilutant used becomes negligible. Use of Cell-U- Wett reduced
quick-dip time from 4 seconds to less 1 second, and may offset the additional
time required for wounding. Furthermore, Cell-U-Wett-based auxin solutions
have a much longer shelf life and greater stability than water-based
solutions (1). Thus, while Cell-U-Wett did not improve root production
of ‘Little Gem’ Southern magnolia, it did offer some practical benefits.
Literature Cited:
1. Beeson, R.C. Jr. 2000. Putting the speed back in quick-dip auxin
application. Proc. SNA Res. Conf. 45:298-302.
2. Perry, F.B. Jr., and H.M. Vines. 1972. Propagation of Magnolia
grandiflora (L.) cuttings as related to age and growth regulators. J.
Amer. Soc. Hort. Sci. 97(6):753-756.
3. Stadtherr, R.J. 1967. Magnolia grandiflora by cuttings. Proc. Int.
Plant Prop. Soc. 17:260-263.
This research was supported by the Florida Agricultural Experiment
Station and approved for publication as Journal Series No. N-02084.
Table 1. Root dry weights over time of ‘Little Gem’ magnolia cuttings that
were wounded or not prior to auxin treatment. Means do not include dead
cuttings. Means followed by different letters are significantly different
(P>0.05) between columns as determined by Fisher’s Protected LSD.
Weeks after sticking
14
16
18
20
23*

Wounded

Not wounded

0.087
0.224 a
0.202 a
0.395 a
0.241

0.018
0.032 b
0.048 b
0.069 b
0.121

*At week 23, the effect of wounding was significant according to ANOVA
at the 5% level; however, means were not significantly different using
Fisher’s Protected LSD.
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A Preliminary Genetic Study of Pigmented
Cornus kousa Cultivars
R. N. Trigiano, M. H. Ament, M. T. Windham and W. W. Witte
University of Tennessee Institute of Agriculture
Department of Plant Sciences and Landscape Systems
The University of Tennessee, Knoxville, TN 37901-1071
Index words: Cornus kousa, cultivar identification, DNA profiling
Nature of Work: Cornus kousa Hance cultivars are becoming more
popular as landscape plants since they are generally highly resistant to
many diseases (e.g. powdery mildew and dogwood anthracnose) that
plague C. florida L. (flowering dogwood) cultivars. They also bloom
about a month after flowering dogwood and they are now available with
variegated foliage and pigmented bracts. There are a number of commercially
available Kousa dogwood cultivars with red bracts. Although some of
these cultivars are readily and easily recognizable, others appear quite
similar and/or nearly identical. This project was undertaken to genetically
distinguish six red-bracted cultivars using a DNA profiling technique.
Since this is a preliminary study, we do not identify cultivars by name and
simply identify them with a letter and number. All cultivars were red-bracted
and were ordered from several wholesale nurseries on the east and west
coast of the United States. At least three specimens of each individual
cultivar were included in the initial DNA profiles, but later experiments
included multiple entries of only cultivars that demonstrated very similar
or identical DNA profiles. In total, 24 plants of six cultivars were used in
the analysis.
Young, not fully expanded leaves were collected from plants of each
cultivar and stored at -75C until needed. Total DNA was extracted using
a Puregene Kit (Gentra Systems, Minneapolis, MN). DNA amplification
fingerprinting (1) was used to profile the genomic DNA of the cultivars.
The reactions mixtures contained one of the following four primer
sequences (5'-3'): GTATCGCC, AATGCAGC, GACGTAGG or
GTAACGCC. Amplification products were separated electrophoretically
on a 0.45-mm thick, 10%-7M urea acrylamide gels.
Amplification profiles (bands in the gel) were examined on a light box and
those bands of 700 base pairs (bp) or less scored as either present (1),
absent (0) or questionable (9). These binary data were entered as unordered,
nondirected, and unweighted characters by primer. The data set was
analyzed with the Numerical Taxonomy and Multivariate Analysis System
(NTSYS-pc), version 2.0 (Exeter Software, Setauket, New York) by first
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calculating Jaccard similarity coefficients and then assembling a
dendrogram using Unweighted Pair Group Cluster Analysis Using
Arithmetic Means (UPGMA).
Results and Discussion: Amplifications with the four primers generated
clear and reproducible DNA profiles for all individual plants of all cultivars.
A total of 117 loci (bands) were considered in the statistical analysis.
The DNA profiles from plants of cultivars A and B were identical regardless
of nursery origin. The DNA products from two plants of cultivar C were
also identical to cultivars A and B and five additional plants of cultivar C
differed by only one minor band (Fig 1). The similarity indices ranged
between 0.99 and 1.00 for cultivars A, B, and C supporting the contention
that A, B and C are the same, but have been released under different
names. An alternative hypothesis is that three distinct cultivars were
originally released, but through confusion, one has become dominant in
the trade (4). The DNA profiles generated from plants of cultivars D, E
and F were dramatically different from each other and from those
produced for cultivars A, B and C (similarity indices between 0.65 and
0.75). Cluster analysis also indicated that cultivars A, B and C were
essentially the same and that cultivars D, E and F were distinctly different
(Fig.1). In a similar study, DAF profiles were used to determine that the
white-bracted ‘Barton’ and ‘Cloud Nine’ flowering dogwood cultivars were
the same (4). In this same study, arbitrary signatures from amplified
profiles [(ASAP (2)], a technique that detects genomic differences more
efficiently than DAF (3), could not distinguish the two cultivars of flowering
dogwood. The ASAP technique will be applied in future experiments to
clearly identify the six cultivars in this study and specifically to delineate
the three apparently identical cultivars.
Significance to Industry: Analysis of genomic DNA of flowering and
kousa dogwoods as well as other ornamental plants has become an
important tool for obtaining and protecting patent rights of cultivars and
other plant materials. We anticipate that the usage of this type and
emerging technologies to separate and identify closely related phenotypes
in the woody plant industry will become more routine in the near future
(4). We encourage nurserymen and plant breeders to employ DNA
profiling of new materials before patent applications and cultivar releases
to avoid confusion of similar plants in the trade.
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Calibration of irradiation for Magnolia grandifolia Seed
Cecil Pounders
MS State University, Coastal Research an Extension Center, 2710
Beach Boulevard, Suite 1-E, Biloxi, MS 39531
Index Words: Mutation Breeding, Magnolia
Nature of Work: Southern Magnolia has become symbolic of the beauty
and charm of the South. It is a stately tree and an object of admiration
because of its large leathery glossy leaves; its densely foliaged crown; and its
large fragrant flowers. Because the plant is a native of the South , we don’t often
realize what a unique and interesting species Magnolia grandiflora is. It is
probably the most widely planted broad-leafed evergreen tree in the world.
A number of chance seedlings of Southern Magnolia have been selected,
named and propagated over the last 200 years. As the scale of landscapes
has changed so have opinions on which selections are most desirable.
Currently ‘Little Gem’ is the most widely planted cultivar because of its
smaller stature, finer texture and long bloom season which are desirable
traits with today’s smaller properties. Efforts to selectively hybridize
Southern Magnolia within the species and to other closely related
species have not produced the desirable recombinations in sufficient
quantities to encourage development of breeding programs.
Part of the lack of progress in directed breeding of this species may be due
to its hexaploid (2n=114) chromosome number. Most other magnolia species
are diploid (2n=38). Generally species with large numbers of chromosome
such as Southern Magnolia are more buffered against observable changes
in structures such as flowers, growth habit, and leaves than diploid
species. When interspecific crosses are successful, the 57 chromosomes
contributed by M. grandiflora are more evident in progeny than the 19
chromosomes contributed by a diploid species such as M. virginiana.
Mutation breeding (exposure of seeds or vegetative materials to X rays or
neutrons) has been successfully used in a number of asexually propagated
crops to induce new desirable traits (2). The most commonly observed
mutations are genetic dwarfs and variegated foliage. Changes in cold
hardiness and pest resistance have also been observed. The greatest numbers
of desirable mutations have been observed to occur when approximately
50% of the exposed material is killed by the mutagen treatment (1).
The first step to evaluate the potential of increasing genetic variation in
Southern Magnolia by mutation breeding is to determine the amount of
radiation needed to kill 50% of treated material. Seeds of open pollinated
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‘Claudia Wannamaker’ were collected and cleaned in the fall, then stored
over winter at 40 F in a refrigerator. Seeds were divided in March into 6
lots to calibrate the dose of X rays required to produce the desired kill.
Treatments were: (1) Untreated (2) 2000 rads (3) 4000 rads (4) 5000
rads (5) 6000 rads and (6) 8000 rads. Treatment was made with a Varian
Clinac 2100C generating 400 rads per minute at 100 cm.
After treatment a sample of 100 seeds was counted out of each treatment
to determine the percentage of germination. Seeds were planted in a
peat mix in seed trays in a greenhouse with night temperature maintained
at 70F and allowed to germinate for 2 months.
Results and Discussion: Germination of the control plot was 83% of
planted seed with the 2000 rad exposures showing approximately the
same germination. All seeds exposed to radiation were slower to germinate than seeds in the control plot. The 4000 and 5000 rad treatments
had 25% germination while 6000 rads reduced germination to 13% and
8000 rads to 1%. The desired kill of 50% would have occurred between
the 2000 and 4000 rad dose.
Material from treatments is being grown on for observation to determine
the type and quantity of mutants induced by the radiation treatments.
Mutations observed to date are primarily dwarfs and seedlings with
increased branching. Chlorophyll mutations were expected but were not
observed at the seedling stage of development.
Significance to Industry: Development of new plant cultivars with
improved breeding techniques can benefit the nursery industry in many
ways. Product quality and customer satisfaction are often greater with
value added products that require less pruning and are more tolerant of
drought, heat and cold. Introduction of new traits such as improved pest
resistance can make the industry more environmentally friendly. New
products also often sell for a premium over commodity products thus
improving nursery profits if production costs remain equivalent.
Literature Cited:
1. Broertjes, c. 1972. Use in plant breeding of acute, chronic or fractionated
doses of X-rays or fast neutrons as illustrated with leaves of
Saintpaulia. Agri Res. Rpt. 77, Wageningen, The Netherlands:
Centre for Agricultural Publishing and Documentation.
2. Lapins, K.O. 1983. Mutation Breeding. P. 74-99. In Methods in Fruit
Breeding, West Lafayette, IN
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Propagation of Chrysactinia mexicana using Various
Hormones, Media and an Anti-transpirant
J. Kim Pittcock
Arkansas State University, College of Agriculture,
State University, AR 72467-1080
Index Words: IBA, K-IBA, P-ITB, Synergol, Vapor Gard
Nature of Work: Chrysactinia mexicana (Daminanita, Chrysactinia) is a
perennial Texas native plant which grows in the Trans-Pecos Region and
Edwards Plateau of West-Central Texas (1). It has very fine, aromatic
foliage with small yellow flowers that bloom throughout the summer.
Chrysactinia is extremely drought tolerant and requires soils with nearly
perfect drainage (3).
Chrysactinia is difficult to propagate by cuttings with rooting percentages
averaging below 40% (authors’ unpublished research). Many cuttings
develop basal rot at the soil surface or do not initiate roots. Limited
success has been achieved when an anti-transpirant, Vapor Gard, was
used to reduce transpiration from the leaves during propagation of other
Texas natives. Another method to reduce basal rot was refinement of the
propagation soil to a more porous mix.

Chrysactinia mexicana cuttings were taken from one gallon stock plants
in October, 1999. Sixteen rooting hormone treatments (liquid and talc
preparations) were used and are as follows: IBA (indole-3-butyric acid)
1500 ppm, IBA 3000 ppm, IBA 4500 ppm, K-IBA (potassium salt of IBA)
1500 ppm, K-IBA 3000 ppm, P-ITB 1500 ppm (K salts of indole-3-yl
butyric acid and 1 naphthylacetic acid, plus fungicide and synergistic
additives) (2), P-ITB 3000 ppm, P-ITB 4500 ppm, Synergol 1500 ppm
(Silvaperl Products, Ltd., North Yorkshire; active ingredients - K salts of:
IBA, NAA plus fungicide and synergistic additives) (2), Synergol 3000
ppm, Synergol 4500 ppm, Rootone, Hormex 30 (3% IBA), Hormex 45
(4.5% IBA) and a control. IBA was dissolved in 95% ethanol. K-IBA, PITB and Synergol used water as the carrier. Fifty percent of cuttings
were dipped in an anti-transpirant, Vapor Gard (Miller Chemical Co.), to
help reduce transpiration from leaves. Three bushy cuttings (2-3" long,
5-7.5 cm) were stuck per 2.5" x 2.5" x 2.5" (6.35 x 6.35 x 6.35 cm) pot.
Two propagation mixes were used, A.) 1:1, bark:perlite, (v/v) and b.)
2:3:4 peat:vermiculite:perlite (v/v/v). Both mixes were amended with 6
pounds (2.7 kilograms) of Osmocote 14-14-14 and 1 pound (2.2 kg) of
Micromax per cubic yard (0.76 cubic meter). Experimental design was a
factorial design with each treatment replicated three times and an
experimental unit consisted of 5 pots.
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Results and Discussion: Data was taken on the Chrysactinias after 10
weeks. Rooting percentages were recorded for each pot and a rooting
evaluation was also performed. Rooting percentages ranged from 0 to
73%. The highest percentage occurred with Synergol 3000 ppm without
Vapor Gard in the 1:1 propagation mix. Thirteen additional hormone,
soil, and Vapor Gard combinations produced rooting percentages of at
least 53.3% (Table 1). Two combinations (Rootone without Vapor Gard
in 2:3:4 soil mix and IBA 3000 with Vapor Gard in 2:3:4 soil mix) had a
final rooting percentage of 66.7%. Average rooting percent from hormone,
soil mix and Vapor Gard treatment resulted in rooting of 53.5-24.9%
(Table 1). Overall, Synergol at 3000 ppm had the highest rooting percent.
Of the top fourteen treatment combinations only three contained the
2:3:4 (peat:vermiculite:perlite) propagation mix. Treatments with Vapor
Gard overall produced lower rooting percentages. Ranking the lower
half of rooting percentages, 71.9% of the combinations were treated with
Vapor Gard. Twenty-three combinations produced rooting percentages
of 26.7% or lower, of these 87% were the Vapor Gard treatments. Five
of the combinations with Vapor Gard did fall among the top four rooting
percentages. Application of the anti-transpirant Vapor Gard also significantly
reduced rooting percentages (Table 2).

Chrysactinia mexiciana cuttings rooted at percentages of 73.3% and
below. Fourteen combinations of treatments produced acceptable
percentages between 53.3% and 73.3%. The top three were as follows:
Synergol 3000 ppm, Rootone and IBA 3000 ppm. Three of the Synergol
3000 ppm combinations appeared in the top fourteen combinations.
Combinations of IBA 3000 ppm appeared two out of four times in the top
fourteen combinations. Therefore, Synergol and IBA rates at 3000 ppm
resulted in acceptable rooting percentages. The 1:1 (bark:perlite)
propagation mix performed significantly better than the 2:3:4
(peat:vermiculite:perlite) propagation mix (Table 2).
Significance to Industry: Chrysactinia mexicana is one of the most
popular flowering Texas native plants. Production has been limited due
to low rooting percentages. With refinement of the soil mixes and
hormones, the production can be increased to meet demand. A 1:1
(bark:perlite) propagation mix and 3000 ppm of Synergol produced
commercially acceptable propagation percentages for Chrysactinia.
Literature Cited:
1. Correll, D.S. and M.C. Johnston. 1979. Manual of the vascular plants
of Texas. Published by University of Texas at Dallas, Dallas, TX.
2. Dirr, M.A. and C.W. Heuser, Jr. 1987. The reference manual of woody
plant propagation: From seed to tissue culture. Varsity Press, Athens, GA.
3. Wasowski, S. and A. Wasowski. 1991. Native Texas plants. Gulf
Publishing Co. Houston, TX.
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Table 1. Top 14 treatment combinations (hormone, soil mix and
anti-transpirant) for cutting propagation of Chrysactinia mexicana rooting
percentage.
Hormone

Soil mix*

Anti-transpirant

Rooting %

1:1

None

73.3%

Rootone

2:3:4

None

66.7%

IBA 3000 ppm

2:3:4

Vapor Gard

66.7%

P-ITB 1500 ppm

1:1

Vapor Gard

60.0%

P-ITB 3000 ppm

1:1

Vapor Gard

60.0%

IBA 4500 ppm

1:1

None

60.0%

IBA 3000 ppm

1:1

None

60.0%

Synergol
3000 ppm

1:1

Vapor Gard

60.0%

Hormex 30

1:1

None

60.0%

IBA 1500 ppm

1:1

None

53.3%

Control

1:1

Vapor Gard

53.3%

Hormex 45

1:1

None

53.3%

Synergol 1500 ppm

1:1

None

53.3%

Synergol 3000 ppm

2:3:4

None

53.3%

Synergol
3000 ppm

*Soil mixes: 1:1 (Bark:Perlite, v:v) and 2:3:4 (Peat:Vermiculite:Perlite, v:v:v)
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Table 2. Chrysactinia mexicana average rooting percentage of combined
hormone, soil mix and Vapor Gard treatments.
Hormone

Ave. Rooting %*

Soil Mix

Ave. Rooting %*

Synergol
3000 ppm

53.3 a

1:1 (Bark:Perlite)

42.6 a

K-IBA 4500 ppm

46.7 ab

2:3:4 (Peat:Verm.:Perlite)

32.3 b

Synergol 4500 ppm

45.0 ab

Hormex 30

45.0 ab

IBA 3000 ppm

43.3 ab

P-ITB 1500 ppm

40.0 ab

Vapor Gard

IBA 4500 ppm

39.1 ab

No

46.6 a

P-ITB 3000 ppm

37.4 ab

Yes

28.4 b

Hormex 45

37.4 ab

Synergol 1500 ppm 35.0 ab
Control

34.9 ab

IBA 1500 ppm

31.7 ab

K-IBA 1500 ppm

30.0 ab

Rootone

29.0 ab

K-IBA 3000 ppm

26.7 b

P-ITB 4500 ppm

24.9 b

*Means separated by LSD (P=0.05)
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Propagation of Acer barbatum and Cotinus obovatus
J. Kim Pittcock
Arkansas State University, College of Agriculture,
State University, AR 72467-1080
Index Words: IBA, K-IBA, Synergol
Nature of Work: Many trees native to Texas are extremely difficult to
commercially propagate by cuttings, the traditional method being seed
propagation. Two of the trees, Acer barbatum (Southern Sugar Maple)
and Cotinus obovatus (American or Texas Smoke Tree, Chittam-wood)
have limited propagation information.

Acer barbatum is a highly desirable tree known for its brilliant fall coloration
and heat tolerance (2). It is endemic to the Pineywoods of East Texas
(1). The trees are very diverse in habit, foliage form and coloration. References
to seed propagation (2) as the most acceptable form of propagation are not
useful when clonal material is desired for cultivar selection.
Cotinus obovatus is only found in isolated areas in the Edwards Plateau
region of west- central Texas (1). Small populations of trees can be
found growing from the rocky bluffs and hillsides. This tree is known for
its dynamic yellow, orange or scarlet fall foliage and for the smokey
panicles of flowers in spring. Published reports of seed propagation and
root propagation (2) are not commercially feasible due to the small
population of plants and their inaccessible growing locations. Development
of propagation protocols by cuttings is the most desirable propagation
method for both of these Texas trees.
Acer barbatum and Cotinus obovatus were propagated by cuttings using
various rates of rooting hormones. Rooting hormones were IBA (indole-3butyric acid), K-IBA (potassium salt of IBA), and Synergol (Silvaperl
Products, Ltd., North Yorkshire; active ingredients - K salts of: IBA, NAA
plus fungicide and synergistic additives), at rates of 1250, 2500 and 5000
ppm, plus a control. IBA was dissolved in 95% ethanol and remaining
hormones dissolved in water. Maple and smoke tree cuttings were four
inches (10 centimeters) long, softwood tissue and had two to three
leaves per cutting. Cuttings were dipped into hormones for five seconds.
Cuttings from a single smoke tree were taken twice, with semi-hardwood
tissue used the latter time. Cotinus obovatus cuttings were taken on May
27, 1999 using softwood tissue and on July 14, 1999 using semi-hardwood
tissue. Propagation soil consisted of 1:1, Bark:Perlite, (volume:volume)
amended with10 pounds (4.5 kilograms) of 18-6-12 Osmocote and 1
pound (2.2 kg) of Micromax per cubic yard (0.76 cubic meter). Experimental
design was a completely randomized design with each treatment replicated
three times and 15 cuttings as an experimental unit.
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Results and Discussion: Data from each species was taken after 10
weeks. Acer barbatum was attempted one time during the season and
rooting percentage is shown on Table 1. The highest rooting percentages
were 56.6% and 50% for 1250 and 2500 ppm K-IBA treatments, respectively.
Three of the top four rooting hormones had water as the hormone carrier.
Southern sugar maple may be sensitive to the alcohol solution and water
as a hormone carrier may need to be used for propagation of this plant.
From the cutting date in May, IBA at 2500 ppm produced 100% rooting
and 66.6 % rooting was obtained with both IBA at 5000 ppm and K-IBA
at 2500 ppm (Table 2). No rooting occurred from the July propagation
date, therefore softwood tissue is the recommended tissue type for
smoke tree.
Significance to Industry: Native Texas trees are an important niche in
the Texas market and have great potential in the southwestern and
southeastern regions of the United States. Methods of increasing production
of desirable native plant material are being researched. Acer barbatum
and Cotinus obovatus can be propagated successfully from softwood
cutting, but Southern sugar maple needs to have further research conducted to
refine the hormone and/or tissue type for higher rooting percentages.
Literature Cited:
1. Correll, D.S. and M.C. Johnston. 1979. Manual of the vascular
plants of Texas. Published by University of Texas at Dallas, Dallas, TX.
2. Wasowski, S. and A. Wasowski. 1991. Native Texas plants. Gulf
Publishing Co. Houston, TX..
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Table 1. Acer barbatum hormone treatments and resulting rooting
percentage taken on April 10th.
Hormone Treatment

Rooting Percentage *

K-IBA 1250 ppm
K-IBA 2500 ppm
IBA 2500 ppm
Synergol 2500 ppm
Synergol 5000 ppm
IBA 1250 ppm
IBA 5000 ppm
Synergol 1250 ppm
K-IBA 5000 ppm
Control

56.6 a
50.0 ab
46.6 b
40.0 b c
33.3
c
33.3
c
30.0
c
30.0
c
23.3
d
0.0

*Means separated by Duncan’s Multiple Range Test (P=0.05)

Table 2. Cotinus obovatus hormone treatments and resulting rooting
percentage taken on May 27th.
Hormone Treatment

Rooting Percentage *

IBA 2500 ppm
IBA 5000 ppm
K-IBA 2500 ppm
Synergol 1250 ppm
Synergol 5000 ppm
Control
**

100.0 a
66.6
b
66.6
b
33.3
c
33.3
c
0.0

*Means separated by Duncan’s Multiple Range Test (P=0.05)
**No rooting occurred with the eight additional hormones.
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Propagation of Bouvardia ternifolia
J. Kim Pittcock
Arkansas State University, College of Agriculture,
State University, AR 72467-1080
Index Words: IBA
Nature of Work: Bouvardia ternifolia (Scarlet Bouvardia) is a perennial
Texas plant endemic to the Trans-Pecos Region of West Texas (1).
Plants have 2 inch long red flowers that occur in 3-4 inch long clusters on
the top of the plant. References to propagation report success with
seed, softwood cuttings and semi-softwood cuttings (2). Commercial
propagation by seed is essentially impossible due to the low number of
seeds actually produced per plant. Propagation by cuttings from containerized
stock plants is difficult because the plants have numerous disease
problems during the time frame for optimal cutting propagation. Earlier
experiments by the author resulted in only 25% rooting using standard
propagation protocols.
Scarlet Bouvardia cuttings were taken in early July 1999. Two types of
cuttings were used 1.) thin semi-softwood and 2.) thick softwood. Seven
hormone treatments (three talc, three liquid preparations and a control)
were applied to each cutting type. Talc preparations were Rootone F ,
Hormex 30 (3% IBA) and Hormex 45 (4.5% IBA). Liquid hormone
preparations consisted of indole-3-butyric acid (IBA) or 1-naphthylacetic
acid (NAA) dissolved in 95% ethanol and were as follows: IBA 1250
ppm, IBA 2500 ppm and IBA 2500 plus NAA 2500 ppm. Cuttings were 2-3
inches (5-7.5 centimeters) long and consisted of the current seasons
growth. Each talc hormone was applied to the basal area of the cutting
with the excess hormone removed. The base of the cuttings were
dipped in each respective liquid hormone for 5 seconds. Cuttings were
placed in a 2.5" x 2.5" x 2.5" pot with a propagation soil mix of 1:1:1,
Bark:Peat:Perlite, (v/v/v) amended with 1 pound (2.2 kilogram) of
Micromax and 10 pounds (4.5 kg) of Osmocote 18-6-12 per cubic yard
(0.76 cubic meter). Pots were placed in a poly greenhouse under
intermittent mist (6 seconds of mist every 16 minutes during daylight
conditions). Experimental design was a completely randomized design
with each group replicated three times and an experimental unit consisted
of eight cuttings.
Results and Discussion: Data on percent rooting was taken after eight
weeks. Overall rooting percentages ranged from 28.6% to 67.8%. Thick
softwood cuttings rooted better than semi-softwood cuttings. Softwood
cuttings flushed from the terminal cut end and were approximately six
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inches tall. Cuttings were in full bloom and fully rooted at this time.
Semi-softwood cuttings had a small flush of less that one inch (2.5 cm)
which grew from near the soil line.
Hormex 45 produced the highest rooting percentage of 67.8% which was
significantly better than the remaining hormones, with the exception of
IBA 2500 ppm at 57.1% (Table 1).
Significance to Industry: Scarlet Bouvardia is an outstanding flowering
Texas native. Optimal timing of cutting propagation and specific tissue
used will allow larger quantities of plants to be grown. Hormex 45 and
the higher percentage of IBA (2500ppm) produced the highest rooting
percentages.
Literature Cited:
1. Correll, D.S. and M.C. Johnston. 1979. Manual of the vascular plants
of Texas. Published by University of Texas at Dallas, Dallas, TX.
2. Wasowski, S. and A. Wasowski. 1991. Native Texas plants. Gulf
Publishing Co. Houston, TX.

Table 1. Mean rooting percentages of Bouvardia ternifolia cuttings as
influenced by selected rooting hormones and rates.
Hormone treatment
Hormex 45
IBA 2500 ppm
Hormex 30
Rootone F
Control
IBA 1250 ppm
IBA 2500 ppm/NAA 2500 ppm
Control

Rooting percentage *
67.8 a
57.1 ab
41.0 bc
39.3 bc
35.7 c
33.9 c
28.6 c
0.0

*Mean separation by Duncan’s multiple range test (P=0.01)
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Integration and expression of GUS and BAR
genes in transformed Chinese Elm
(Ulmus parvifolia Jacq .cv. King’s Choice)
X. Meng, S. Zhou, A. Aziz and R. Sauve
Tennessee State University, Cooperative Agricultural Research
Program Nashville, TN 37209
Index words: Micro projectile, transformation
Nature of Work: Elms are important shade trees in urban landscapes as
well as for lumber production because of their hardiness, salt tolerance,
longevity, and suitability to many kinds of climates. Unfortunately, elms
across the world are threatened or have been destroyed by Dutch elm
disease (D.E.D.). D.E.D. is a vascular disease caused by the fungus
Ophiostoma novo-ulmi (4). In addition to this disease, elms are also
affected by many other disease and insects such as: Verticillium wilt,
cankers, black spots and so on. Presently there is no good chemical
control for many of the common diseases and insect pests. These
pathogens and insects combined have greatly reduced American elm
populations. For the return of American elms to the urban landscape,
resistant cultivars need to be developed.
In recent years, recombinant DNA technology has enabled plant breeders
to introduce foreign genes different plant species resulting in plants types
that could not have been produced by using conventional breeding
methods. Several decades of conventional breeding has not yielded any
D.E.D. resistant cultivars of American elms. Today’s genetic transformation
technologies are providing plant breeders new opportunities to develop
elm cultivars resistant to insect and diseases. After genes for resistance
have been identified, the next step in the development of new types is to
develop an efficient transformation system. For this study, the plasmid
pGPTV-Bar carrying BAR-gene as a selection marker and the GUS as a
reporter gene were introduced into cell suspension culture of the Chinese
elm (Ulmus parvifolia Jacq. cv. King’s Choice) using a micro projectile
approach. Following bombardment, cultures were plated onto a selection
media to identify transformed tissue. The selection medium contained a
herbicide. The integration and expression of the foreign genes were
confirmed using PCR and GUS staining assay.
Seeds of ‘King’s Choice’ elm were collected from mother trees planted at
the TSU Nursery Crop Research Station, McMinnville, Tennessee. Cell
suspensions were initiated from hypocotyls tissue dissected from the
embryos of in vitro germinated seeds. This tissue was cultured in MS
liquid media supplemented with 5.0 mg/L TDZ, 0.2 mg/L NAA and 3%
sucrose on an orbital shaker at 100 rpm to produce calli.
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For bombardment studies, the plasmid pGPTV-BAR containing the
selection marker gene BAR encoding phosphinothrycin acetyl transferase
for herbicide resistance and reporter gene GUS encoding ß -glucuronidase
(ATCC, Manassas, VA, USA) was amplified from the bacterium Eschericia
coli strain HB101 and extracted using Wizard Minipreps DNA purification
system (Promega, Madison, WI, USA). Vector DNA (1.0 µg / µL) was
bound to 1.0 µm gold particles (BIO-RAD, Hercules, CA, USA) and
delivered to elm cells using a PDS-1000/He Biolistic particle accelerator
particles (BIO-RAD, Hercules, CA, USA) following the procedure described
by Kikkert (2). Two-week-old cell suspensions colonies cultured on MS
solid medium were used for the gene transfer experiments. Bombarded
cells were cultured on MS solid medium supplemented with TDZ 5.0 mg/
L and NAA 0.05 mg/L and incubated in 16 hr photo period ( 30 µM m-2s-1
flux ) at 28 ˚C for four months. Colonies were subcultured once per month.
For shoot regeneration, regenerated bud clusters were transferred onto a
MS solid medium supplemented with BAP 0.5 mg/L.
To analyze the integration of the BAR gene in plant tissue, genomic DNA
was isolated from putatively transformed shoots using the DNeasy Plant
mini kit (Qiagen). Polymerase chain reactions (PCR) was carried out
using a PTC-100 Thermocycler (M.J. Research Inc.). The PCR reaction
cycle was 94 oC 4 min, followed by 30 cycles at 94 oC for 30 seconds,
50oC for 1 min, and 72 oC for 30 seconds. The PCR products were
separated on 1.0% agarose gel using 0.5X TAE buffer and running at
100V. The gel was stained in 0.05% ethidium bromide and photographed
on Alphamager 2000 System ( Alpha Innotech Corp.).
Gus staining was carried out according to Igarashi’s (1) method. Both
the PCR positive and control plantlets were vacuum infiltrated for 20 min
and then incubated at 37oC for 16 hrs in the GUS staining solution which
contained 500 µg/ml of X-Gluc.
To test for herbicide resistance, untransformed and transformed elm calli
were cultured on MS solid medium supplemented with 5.0mg/L TDZ and
0.05 mg/L NAA, 3% sucrose and glufosinate-ammonium PESTANAL
(GAP) 10 mg/L to 80 mg/L.
Results & Discussion: Two weeks after plating calli onto a medium that
contained 20 mg/L of PPT, non-transformed elm calli and the calli
bombarded with the control treatment that consisted only of gold began
to die, and the calli without any treatment began to die too, their growth
stopped and darken in color. Transformed calli kept on growing and
formed healthy green micro-calli within 8 weeks.
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In the PCR reaction, the same fragment was amplified from the genomic
DNA of plantlets regenerated from PPT selected calli while there is no
amplification in the non-transgenic plants. GUS staining assay confirmed
successful transformants. Transgenic plantlets stained blue while
non-transgenic ones did not.
Significance to Industry: In this study, we developed a protocol for
micro projectile mediated transformation of Chinese elm. The procedure
could be applied to other plant species.
Literature Cited:
1. J. R. Kikkert. 1993. The Biolistic PDS-1000/He device. Plant Cell
Tiss Org Cult. 33: 221-226.
2. Murashige T and F. Skoog. 1962. A revised medium for rapid growth
and bioassays with tobacco tissue cultures. Physiol. Plant. 15:473 –
479.
3. Igarashi M, Demura T, Fukuda H. 1998. Expression of the Zinnia
TED3 promoter in developing tracheary elements of transgenic
Arabidopsis. Plant Mol Biol. 36(6): 917-27.
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Propagation of Castanopsis sclerophylla By Stem Cuttings
Peter Conden and Frank A. Blazich
Dept. of Horticultural Science, North Carolina State University
Raleigh, NC 27695-7609
Index Words: vegetative propagation, auxin, indolebutyric acid,
adventitious rooting.
Nature of Work: Castanopsis sclerophylla (Lindley & Paxton) Schottky
is an evergreen tree in the Fagaceae. It is indigenous to broadleafevergreen forests covering a wide area of central to eastern China
where the nuts are “used for food” (3). Its multi-stemmed habit and
glossy evergreen foliage make it a desirable ornamental plant. At
maturity, C. sclerophylla becomes a rounded, medium height tree
suitable for small areas or wherever height is a factor. The plant’s
versatility is demonstrated by the success of 50+ year-old trees growing
in full sun at the University of Georgia Bamboo Farm, Savannah, GA
and a 15-year-old tree thriving in shade at the JC Raulston Arboretum,
Raleigh, NC.
No information has been reported on propagation of C. sclerophylla,
although Bob McCartney of Woodlanders Nursery, Aiken S.C., grows it
from seed (acorns), as is the case for propagating most oak (Quercus
L.) species (1). Related evergreen oaks, ubame oak (Q. phyllyreoides A.
Gray) and chinese evergreen oak (Q. myrsinifolia Bl.), have been
propagated in high percentages utilizing softwood cuttings treated with
indolebutyric acid (IBA) (2). Therefore, the following research was
conducted to investigate the feasibility of propagating C. sclerophylla by
stem cuttings.
Terminal stem cuttings were taken at the hardwood (February 24, 2000),
softwood (May 25, 2000), and semi-hardwood (September 28, 2000)
stages from a 10-year-old tree in the adult growth stage growing at the
JC Raulston Arboretum, Raleigh. For the softwood stage, cuttings were
taken when the new leaves were fully expanded and the stems were
just firm enough to snap when bent.
Following collection of cuttings, they were trimmed from the bases to a
13 cm (5.1 in) length, leaves were removed from the lower third of each
cutting, and the basal 1 cm (0.4 in) treated for 1 s with indolebutyric acid
(IBA) at 0, 2,500, 5,000, 7,500, or 10,000 ppm. Semi-hardwood and
hardwood cuttings were treated with the free acid of IBA dissolved in
50% isopropyl alcohol and the softwood cuttings were treated with the
potassium (K) salt of IBA (K-IBA) dissolved in distilled water. After auxin
391

SNA RESEARCH CONFERENCE - VOL. 46 - 2001
treatment, the cuttings air dried for 20 min before insertion into a raised
greenhouse bench containing a medium of 1 peat : 1 perlite (v/v).
Greenhouse air temperatures ranged from 18˚C (65˚F) to 29˚C (85˚F)
and natural photoperiod and irradiance were provided. Bottom heat was
utilized to maintain the temperature of the rooting medium at 21ºC
(70˚F). Intermittent mist operated 5 s every 5 min from sunrise to dusk,
and a fungicide treatment was applied weekly.
For each growth stage the experimental design in the mist bed was a
randomized complete block with eight cuttings per treatment and six
replications. After 10 weeks the cuttings were harvested and various
data recorded to include percentage rooting and number and length of
primary roots ≥ 1 mm. A cutting having one root ≥ 1 mm was considered
rooted. Data for each growth stage were subjected to analysis of
variance and regression analysis.
Results and Discussion: After 2 weeks, hardwood and semi-hardwood
cuttings began to drop their leaves, with most of them dying by the end
of 10 weeks. Overall rooting was negligible at both the hardwood and
semi-hardwood stages, with 3% and 1% rooting, respectively. On the
other hand, softwood cuttings rooted at much higher percentages with
auxin treatment being absolutely essential for rooting. Without K-IBA
treatment rooting was negligible. Auxin treatment stimulated rooting and
the response was quadratic with the greatest rooting (63%) occurring for
cuttings treated with 7500 ppm K-IBA. Despite auxin treatment having a
significant effect on percentage rooting it did not affect root number and
root length. Root number was not affected significantly by auxin
treatment (P=0.07) although root number increased from 2.0 for cuttings
treated with 2500 ppm K-IBA to 4.1 for cuttings treated with 10,000 ppm
K-IBA. Similarly, average root length was not influenced by auxin
treatment and ranged from 4.6 to 8.0 cm (1.8 to 3.1 in).
One could argue that the isopropyl alcohol used to dissolve the free acid
of IBA, or the IBA itself, was toxic to the semi-hardwood and hardwood
cuttings, resulting in negligible rooting and mortality. However,
nontreated semi-hardwood and hardwood cuttings responded in a
similar manner to the IBA-treated cuttings indicating that the auxin and/
or alcohol were not toxic to the cuttings.
Results clearly indicate that rooting of stem cuttings of C. sclerophylla
can only be achieved with softwood cuttings and that auxin treatment is
imperative. Although the best results (63%) were achieved with cuttings
treated with 7500 ppm K-IBA, the authors feel rooting can be increased
further by manipulating various environmental conditions [e.g., water
relations (mist)] during rooting. Roots of the rooted cuttings were
392

SNA RESEARCH CONFERENCE - VOL. 46 - 2001
observed to be brittle and easily broken by routine handling. Based on
this, the authors recommend rooting C. sclerophylla cuttings in small
individual containers or in flats with individual cells to avoid damage to
roots during transplanting which can result in transplant shock.
Significance to the Industry: Stem cuttings of Castanopsis
sclerophylla can be rooted at percentages > 60% when taken at the
softwood stage and treated with 7500 ppm K-IBA. Although this plant
can be readily propagated by seed, propagation by stem cuttings would
allow cloning of desirable genotypes.
Literature Cited:
1. Hartmann, H.T., D.E. Kester, F.T.Davies, Jr., and R.L. Geneve
1997. Plant Propagation: Principles and Practices. 6th ed. Prentice
Hall, Inc., Upper Saddle River, NJ.
2. McGuigan, P.J. 1995. Micropropagation of Stewartia
pseudocamellia and Propagation of Selected Species of Quercus
by Stem Cuttings. MS Thesis, Dept. of Horticultural Science, NC
State Univ., Raleigh.
3. Missouri Botanical Garden. 1999. Flora of China. vol. 4. Missouri
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Influence of Stratification, Temperature, and Light on
Seed Germination of Southern Seaoats
(Uniola paniculata)
Tyler L. Burgess, Frank A. Blazich, and David L. Nash
Dept. of Horticultural Science, North Carolina State University,
Raleigh, NC 27695-7609
Index Words: sexual propagation, sand dune species, dune restoration
Nature of Work: Southern seaoats (Uniola paniculata L.) is a perennial
dune grass that ranges from southern Virginia to eastern Mexico (5).
Ecologically, the species is extremely important in formation and
maintenance of sand dunes and is an integral part of the food web for
the animals, birds, and insects that characterize this habitat (5).
Currently, seedling transplants are in high demand for restoring beaches
damaged by tropical storms and erosion (1).
Little information has been published on the effects of light on seed
germination of U. paniculata. Despite a report that light is not necessary
for germination (6), this does not appear to have been thoroughly
investigated. On the other hand, several studies have been published
dealing with the effects of temperature on both seed germination and
seedling growth (3,4,6).
Stratification (moist-prechilling) is not necessary for germination of U.
paniculata but research has indicated it will stimulate greater germination
in comparison to nonstratified seeds (3,4). On the other hand, Hester
and Mendelssohn (2) reported that stratification did not increase total
germination of seeds from four Louisiana populations of U. paniculata
but did increase the rate of germination. Therefore, to further define
optimum environmental conditions for seed germination of the species,
the following research was conducted to study the influence of
stratification, temperature, and light on seed germination of U. paniculata.
Spikelets of U. paniculata were collected from a population of plants
growing on Oak Island, North Carolina on October 13, 1998. As the
spikelets were collected they were placed in plastic bags and transported
to Raleigh, North Carolina. Spikelets were then removed from the plastic
bags and placed on trays for drying at 21˚C (70˚F) for 5 weeks followed
by seed extraction and storage at 4˚C (39˚F) in a sealed glass bottle.
In January 1999, seeds were removed from storage and graded under a
dissecting scope, which allowed removal of abnormal, damaged, or
under-sized seeds and any debris. Graded seeds were then stratified
(moist-prechilled) for 0, 15, or 30 days at 4˚C (39˚F) in the following
manner.
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Dry sand was sieved through a 16-mesh [0.06-in (1.59-mm)] screen and
the fine separate retained. Seeds were surface disinfested by submerging
them in a 1.3% NaOCl solution for 15 min followed by several rinses with
tap water. Fifty cleaned/graded seeds were mixed with 20 ml (0.68 fl oz)
moist sand [10 dry sand: 1 water (by vol)] and were placed in 476 ml (1
pt) nonvented, polyethlene freezer bags. After the designated stratification
interval, 96 randomly selected bags were removed from stratification.
Seeds were separated from sand by flushing with tap water in a colander
and sown in covered 9-cm (3.5-in) glass petri dishes (50 seeds per dish).
Each dish contained two prewashed (rinsed) germination blotters uniformly
moistened with tap water. All dishes were placed in black sateen cloth
bags and seeds were allowed to imbibe over night at 21˚C (70˚F). The
following day, dishes were randomized within four growth chambers at
the NC State University Phytotron. Chambers were maintained at 25˚C
(77˚F) or 30˚C (86˚F), or at 8/16 hr thermoperiods of 30˚/20˚C (86˚/68˚F),
or 35˚/25˚C (95˚/77˚F). Chamber temperatures varied within ± 0.5˚C
(0.9˚F) of the set point.
Within each temperature regime, seeds were subjected daily to the
following photoperiods: 0 (total darkness), 2, 4, 8, 12, or 24 hr. Regardless
of stratification and temperature, photoperiod treatments were administered
the same time each day. All photoperiod treatments for the alternating
thermoperiods of 30˚/20˚C (86˚/68˚F) or 35˚/25˚C (95˚/77˚F) began with
the transition to the high-temperature portion of the cycle and were
regulated by removal and placement of the petri dishes in black sateen
cloth bags, with the exception of total darkness and 24 hr. For the 24 hr
photoperiod treatment, the dishes remained continuously unbagged in
open chamber conditions. Regardless of the photoperiod, temperatures
within the petri dishes, as measured by a thermocouple, never exceeded
ambient temperature by more than ± 1˚C (2˚F) of the set point. The
constant darkness treatment was maintained by keeping the petri dishes
in the black sateen cloth bags throughout the experiment, and all watering
and germination counts were performed in a darkroom utilizing a fluorescent
lamp equipped with a green acetate filter. Germination blotters were
kept moist with tap water throughout the duration of the experiment.
Seeds showing signs of decay were removed immediately from the dishes.
For each temperature, all photoperiod-stratification treatments were
replicated four times with a replication consisting of a petri dish containing
50 seeds. Germination counts were recorded every 3 days for 30 days. A seed
was considered germinated when radicle emergence was >1 mm (0.04 in).
Experimental design was a split-split plot with temperatures as the main
plots, stratification treatments as the subplots, and photoperiods as the
sub-sub plots. Data for total percentage germination (total germination at
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the end of the 30-day germination period) and time course of germination
(percentage germination recorded every 3 days for 30 days) were
subjected to analysis of variance procedures and means were separated
by least significant difference (LSD) at P=0.05.
Results and Discussion: Light had no effect on germination. Regardless
of photoperiod, the influence of light was nonsignificant (P=0.45).
Stratification was highly significant (P=0.0001) with total germination of
51%, 50%, and 30% following stratification for 0, 15, and 30 d, respectively.
Although stratification for 15 days accelerated the rate of germination, by
18 days stratification for 0 or 15 days was not significantly different,
however, both resulted in higher germination than 30 days stratification.
Hester and Mendelssohn (2) also observed an increase in the rate of
germination not total germination after stratification for 15 days. The
decrease in germination following stratification for 30 days appeared to
be caused by fungal growth resulting in seed decay despite NaOCl
treatment prior to stratification. Thus, experiments to study stratification
for >15 days will require a means to suppress/control fungal growth,
which might increase total germination since tetrazolium tests indicated
that initial viability was >95%.
Temperature was also highly significant (P=0.0001) when averaged
across all treatments. The highest germination was realized at 35/25C
(60%) followed by 30/20C (48%), 30C (37%), and 25C (31%). Similarly,
Seneca (4) reported that higher constant and alternating temperatures
increased germination.
There was a significant (P=0.0012) interaction between temperature and
stratification. With 0 days stratification, germination at 35/25˚ C and 30/
20˚C were significantly different and both thermoperiods resulted in
higher total germination than either 30˚C (86˚F) or 25˚C (77˚F), which were
not significantly different. For 15 and 30 days stratification, germination at
all temperatures were significantly different.
At 25˚C (77˚F), each stratification duration was significantly different.
However, at 30˚C (86˚F), 30˚/20˚C (86˚/68˚F), and 35˚/25˚C (95˚/77˚F),
stratification for 0 or 15 days were not significantly different, but both
resulted in significantly greater germination than 30 days stratification.
These differences were likely due to increased fungal growth and seed
decay at 25˚C (77˚F) and the longer stratification treatment of 30 days.
Significance to Industry: Results demonstrate that seed germination of
U. paniculata is relatively easy to accomplish. Seeds do not require
stratification for germination but stratification for 15 days will increase the
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rate of germination. Longer durations of stratification may be beneficial
but seed decay is a problem which warrants further research. Light has
no effect on germination whereas temperature plays a major role. Of the
various temperature-stratification treatments investigated in this study,
the highest germination (70%) was realized for seeds stratified for 15
days followed by germination at an 8/16 hr thermoperiod of 35˚/25˚C
(95˚/77˚F).
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Influence of ProstartTM on Germination of
Two Herbaceous Perennial Species
Amanda Kidwell, Kris Lorance, Edgar Davis, and Gary R. Bachman
Tennessee Technological University, School of Agriculture,
Cookeville, Tennessee, 38505
Index words: herbaceous perennial, seed, germination, Echinacea
purpurea ‘Bravado’, Coreopsis grandiflora ‘Early Sunrise’, smoke
Nature of Work: Homeowner demand for herbaceous perennials is
continuing to increase. To meet this demand, growers are looking for
production techniques and management tools that will increase propagation
efficiency of these popular plants, with seed germination as a primary method of
propagation. Although modern seed is treated, packaged, and stored for
optimum germination, inconsistent germination can occur (1). A method
of using smoke solutions has been used by Kings Park and Botanic
Gardens in Western Australia to increase germination of 23 native species
described as extremely difficult or impossible to germinate (2). These
species have been described as fire-responsive, meaning that germination
occurs after exposure to fire. There is evidence that products of fire,
rather than effects of heat, may enhance seed germination (3, 4). The
compound responsible for enhanced germination has not been characterized
and movement in response to irrigation volumes is not known (4). The
objective of these experiments was to evaluate the effect of ProstartTM
(an aqueous smoke solution) and differing mist volumes on the germination
of two herbaceous perennial species having erratic germination.
Two herbaceous perennial species exhibiting erratic germination were
chosen for the experiment, Echinacea purpurea ‘Bravado’ and Coreopsis
grandiflora ‘Early Sunrise’. Seeds of each species were sown into 128
cell plug trays having a volume of 2.82 in3/cell (TLC Polyform) using
Promix BX Media. The 128 cell plug trays were cut into quarters resulting
in trays having 32 cells. In the first experiment, ProstartTM (Tree Injection
Products, Inc., Knoxville, TN) was applied at 0, 50, 100, 200, and 400ml/
m2 using a pump sprayer. Each treatment was replicated four times with
32 seeds per replicate using a completely randomized design (CRD).
Germination was recorded at 7, 9, 12, 16, 19, and 21 days after treatment
(DAT) for both species. In the second experiment effect of increasing mist
time was evaluated for Echinacea purpurea ‘Bravado’ only. ProstartTM
was applied at 0 and 100ml/m2. Mist treatments included 4, 8, 12 and 20
seconds every 6 minutes using a controller. Each treatment was replicated
four times with 32 seeds per replicate using CRD. Germination was
recorded for ProstartTM : mist treatments at 7, 9, 11, 13, 15, 19 and 21 DAT.
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Both experiments were repeated and the data pooled within each
experiment. All data were analyzed using analysis of variance (ANOVA)
and means were separated using least significant difference (LSD),
P=0.05.
Results and Discussion: Experiment 1: Germination response to
ProstartTM was species specific (Figure 1). Germination of Echinacea
was enhanced across ProstartTM treatments compared to the control.
Germination of ProstartTM treated seeds was greatest at 12 DAT compared
to 19 DAT for the control seeds. This was a full 7 days ahead of the
control and would impact bench use efficiency. Coreopsis responded
negatively to ProstartTM treatment. Germination percentages of
Echinacea were greatest for the 50 and 100ml/m2 treatments and least
for the control and 400ml/m2 through 16 DAT (Figure 2). No differences
occurred after 16 DAT.

Experiment 2: Echinacea germination was greatest in the ProstartTM
treatment using 4, 8, or 12 sec mist intervals through 9 DAT and similar
to the control using 4 sec mist intervals through 13 DAT (Table 1). By 21
DAT, the control using 20 sec mist intervals and ProstartTM at 4 or 8 sec
mist intervals produced higher germination rates than the control at a 12
sec mist interval or ProstartTM at a 20 sec mist interval. All other
treatments were similar.
Significance to the Industry: ProstartTM shows promise to be a valuable
tool for growers to use to enhance germination of perennial species
having erratic or inconsistent germination. More research is required to
determine germination effects for other herbaceous perennial species.
Literature Cited :
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Comparative AFLP Profiles of Selected Hypericum Species
Mary Cherry, A. Naseer Aziz, and Roger J. Sauve
Cooperative Agricultural Research Program
Tennessee State University
3500 J. A. Merritt Blvd., Nashville, TN 37209-1561
Index Words: St. John’s Wort, Hypericum species, Molecular markers,
AFLP profiles.
Nature of Work: The rise in popularity of homeopathic remedies to relieve
minor medical conditions has opened new marketing opportunities for
small farm operators through the cultivation of medicinal plants. One
marketing opportunity is the development of superior cultivars with
enhanced concentrations of pharmaceutically significant chemical
compounds. Current pharmaceutical research suggests that extracts
derived from various Hypericum species have a range of medicinally
important qualities, such as antibacterial, antidepressant and
anti-inflammatory effects. Therefore, there is a greater need for the
genetic analysis of this genus. Development of new cultivars with specific
traits is only possible after the determination of the genetic characteristics
of the parental plants. This study examined the use of molecular genetic
markers with Hypericum cultivars. Amplified fragment length polymorphism
(AFLP) is a reliable technique, which permits the inspection of a large
number of genetic markers with cost- and time-effectiveness (4). Because
of its reliability and reproducibility, AFLP amplification protocols were
standardized for this study with Hypericum.
AFLP amplification data was obtained from three species of Hypericum
(H. grandiflorum, H. patulum cv. Sungold, and H. perforatum cv. Topas).
Hypericum patulum is an ornamental species possessing large, ovate
leaves and a more woody stem structure than the other two herbaceous
species. The DNA samples were obtained from Hypericum leaves
collected from one-year old greenhouse grown plants. DNA samples
were isolated using the DNeasy Plant mini extraction kit (QIAGEN,
Santa Clara, CA). A 2% agarose gel was used to verify DNA isolation
through electrophoresis and the DNA concentrations were quantified
using a Hoechst-dye based fluorometer (Hoefer Scientific Instruments,
San Francisco, CA). AFLP markers were generated by DNA
amplification via polymerase chain reaction (PCR) using AFLP SystemAnalysis Kit (GibcoBRL, Rockville, MD)(2). AFLP amplification includes
restriction digestion of the sample DNA, ligation of the adaptors
(synthetic oligonucleotides), pre-amplification of adapter-ligated
DNA fragments, and finally amplification of the molecular markers
with selective AFLP primers (GibcoBRL, Cat. no. 10544-013). Agarose gel
analyses were conducted to check restriction digestion, pre-amplification
and amplification of the plant DNA samples. AFLP profiles (DNA
fingerprints) were scored by separating the selective amplification products
with denaturing 6.5% polyacrylamide gel electrophoresis (3). All AFLP
402

SNA RESEARCH CONFERENCE - VOL. 46 - 2001
profile images were obtained by use of an automated DNA analyzer
(Global IR2 DNA Analyzer and Sequencer, LI-COR).
Results and discussion: The data obtained from the DNA analyzer
displayed the DNA fingerprints of afore mentioned Hypericum species.
The banding pattern highlighted by the IR2 analyzer was used to compare
genetic similarity between the Hypericum species. There were significant
differences between the three species with regards to amplification. From
the preliminary results obtained, we are able to confirm primer sets that
did not amplify the DNA sample of all three species. Among the 64 Mse I
and IRDye labeled EcoR I primer combinations utilized, the primers
unable to generate AFLP profiles were E-AGG:M-CAA, E-ACG:M-CAG,
E-ACG:M-CAT, E-ACA:M-CTT, E-ACA:M-CAA, E-ACC:M-CAT, EACA:M-CAT, E-ACC:M-CAC, and E-ACC:M-CAG. Only the primer set EACT:M-CTA was able to produce DNA fingerprints in all three species.
The AFLP profiles obtained have provided ample polymorphism to
distinguish the three species. This experiment provides us with a protocol
guideline to use with our assessments of Hypericum species as we
attempt to identify suitable candidates for hybridization. Currently the
banding similarities between the species are being studied, especially
with respect to phenotypic variation. This will help us to determine
genetic similarities between morphologically different Hypericum species.
Significance to Industry: The amplification of molecular markers of
plant species is of great significance to the nursery and landscape
industry (1). AFLP markers associated with Hypericum species can
readily be used to identify true-to-type plants. Genetic characterization of
successful cultivars for hybridization is of utmost importance to plant
breeders, nurserymen, and, ultimately, consumers. The molecular methods
employed in this research can be adapted for genetic linkage and marker
assisted breeding studies of Hypericum and other plants.
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Anther Culture of Selected Echinacea Cultivars
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Tennessee State University
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Index Words: Anther culture, Microspore development stage, Echinacea,
Coneflower.
Nature of Work: Coneflower (Echinacea spp.) belongs to a group of
American wildflowers in the family Asteraceae. The genus Echinacea
contains nine species, which are primarily indigenous to the central and
plains regions of the U.S. (7). In addition to ornamental value, they have
a history of medicinal uses (5). Presently, coneflowers are major herbs
in the botanical supplement industry (4). Most Echinacea species are
heterozygous and therefore seed propagation leads to segregation of
important traits (8). In this genus, there is ample genetic diversity to
launch breeding programs for medicinal and ornamental characteristics.
Traditional breeding techniques can be used to develop homozygous
lines for use in seed production. An alternative to traditional breeding
methods is the development of microspore-derived hemizygous plants
via anther culture techniques (2). The homozygous doubled haploids are
then produced for further use in breeding programs (3). This report
describes factors that affect anther culture of E. purpurea.
Stock plants of E. purpurea cultivars ‘White Swan’ and ‘Magnus’ were
maintained in a greenhouse where the temperature fluctuated from 40ºC
during the day to 10ºC at night. All plants were grown under natural light
and were watered when needed to maintain 17-88% relative humidity.
Flowers bearing immature pollen grains (uninucleate to early binucleate
microspores) were harvested, wrapped in moist paper towels and stored
at 4ºC for 72 hours. Prior to dissection, entire flowers were surface
sterilized by dipping in 70% alcohol for 30 seconds and then in 1%
NaOCl (sodium hypochlorite) for 15 minutes. Following the NaOCl
treatment, they were rinsed three times in sterile distilled water. Flower
buds were then aseptically dissected and anthers were placed on a
variety of semi-solid media. All culture media including callogenesis,
embryo induction and embryo development media were prepared
according to of Guedira et al. (6). Anthers cultures were maintained at
28 ± 2ºC and 89 ± 3% relative humidity for callus induction. Some cultures
were maintained in dark while others received 16/8 hours light/dark cycle
(light intensity, 80 µmol.m-2.s-1). For embryogenesis, anthers were
transferred to an embryo induction medium and maintained in the dark at
35ºC for four weeks. Cultures were finally transferred to a development
medium and maintained in 16/8 hr light/dark treatment at 28 ± 2ºC.
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Results and Discussion: Anthers at different stages of development
were present in a flower. Flower bud sizes (4-5 mm) corresponding to
the uninucleate to early binucleate microspores were determined by
acetocarmine (4% carmine in 45% acetic acid) staining of the microspores.
Success of pollen culture depends upon several variables including
genotype, age of the donor plant, the stage of pollen development, and
anther pretreatment of a cold shock (4º C for 72 hours). The cold
treatment has been shown to be effective in increasing the level of anther
culture response in a number of diverse species. (1).
Anthers responded to media treatments after three weeks in culture.
Within six weeks callus induction was noticeable enough to differentiate
between the cultivars and the types of media with respect to effectiveness
of anther culture conditions. The percent callus induction for ‘White
Swan’ ranged from 45 to 72% and that of ‘Magnus’ from 61 to 100%.
The percent callus induction for both cultivars was higher when maintained
in the dark. Seventy-two percent of ‘White Swan’ anthers had callus
induction in total darkness as opposed to 45% in light/dark cycle. All of
the ‘Magnus’ anthers produced callus in total darkness whereas the
rate of induction in light/dark cycle was 61%. Concentrations of NAA
(1-naphthylacetic acid) at 0.1 mg/L and BAP (6-benzylaminopurine) at
0.5mg/L were found most conducive for callus induction.
Culturing anthers with the protruding calli on embryo induction medium
for four weeks did not produce any changes. However, within 3 weeks of
transfer to development medium, anthers showed signs of early embryo
development. The ploidy level of anther-derived tissue is currently being
investigated.
Significance to Industry: In the genus Echinacea there is ample
genetic diversity to launch breeding programs to improve their medicinal
and ornamental characteristics. The use of anther derived plants in
breeding, quantitative genetics, mutant isolation and plant cell development cannot be disregarded. In this research project a protocol for
anther culture of coneflower has been demonstrated. The procedures
described herein can be used to enhance in vitro propagation techniques, genetic analysis and other breeding efforts for this herbaceous
perennial.

405

SNA RESEARCH CONFERENCE - VOL. 46 - 2001

Literature Cited:
1. Aziz, N. A., J. E. A. Seabrook, G. C. C. Tai and H. De Jong. 1999.
Screening diploid Solanum genotypes responsive to anther culture
conditions and ploidy assessment of anther-derived roots and
plantlets. American Potato Journal. 76: 9-16.
2. Collins, G. B. and A. D. Genovesi. 1982. Anther culture and its
application to crop improvement. In: D.T. Tomes, B. E. Ellis, P. M.
Harney, K. J. Kasha and R. L. Peterson (eds.). Application of Plant
Cell and Tissue Culture To Agriculture & Industry. Plant Cell Culture
Center, University of Guelph, Guelph, ON, CANADA. p. 1-24.
3. Dunwell, J. M. 1985. Embryogenesis from pollen in vitro. In: M.
Zaitlin, P. Day and A. Hollaender (ed.). Biotechnology in Plant
Science — Relevance to Agriculture in the Eighties. Academic Press,
Inc., Orlando, FL., p. 49-76.
4. Foster, S. 1985. Echinaceas: the purple coneflowers. American
Horticulturist 64:14-17.
5. Foster, S. 1990. Echinacea-beauty and medicine for your garden.
The Herb Companion. Oct/Nov 33-38.
6. Guedira, M., T. Dubois-Tylski, J. Vasseur and J. Dubois. 1989.
EmbryogJnPse somatique directe B partir de cultures d’anthPres du
Cichorium (Asteraceae). Can. J. Bot. 67:970-976.
7. McGregor, R. L.1968. Taxonomy of the genus Echinacea (Compositae).
The University of Kansas Science Bulletin. 48:113-142.
8. Still, S. M. 1988. Herbaceous ornamental plants. Stipes Publishing
Co. Champaign, Illinois.
Acknowledgements: This study was conducted using Evans-Allen
funds

406

SNA RESEARCH CONFERENCE - VOL. 46 - 2001

Hybridization of Clethra alnifolia and C. pringlei
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Nature of Work: Clethra alnifolia, commonly known as summersweet, is
a small to medium sized shrub that produces fragrant racemes or
panicles of flowers in mid-summer. It is native to the eastern U.S., can
grow in full sun or as an understory plant, is adapted to swampy or
coastal conditions, and is hardy to USDA zone 4 (1). Several cultivars of
C. alnifolia are commercially available; these differ primarily in size and flower
color. While several other Clethra species have desirable ornamental
characteristics, until recently no work concerning induced interspecific
hybridization in this genus had been published.

Clethra pringlei is a Mexican species with extremely attractive glossy
evergreen foliage that flushes a deep reddish-bronze (1). Because it is
hardy only to USDA hardiness zone 7 or 8, it is not commonly used as an
ornamental in the U.S. A project aimed at combining the ornamental
foliage characteristics of C. pringlei with the cold hardiness and adaptability
of C. alnifolia was started in 1998. Reciprocal crosses between the two
species yielded eleven C. alnifolia ‘Ruby Spice’ x C. pringlei and one C.
alnifolia ‘Fern Valley Pink’ x C. pringlei plants (2). Hybridity was verified
using molecular markers. A morphological comparison of the hybrids
and parents revealed that the hybrids more closely resembled C. alnifolia
than they did C. pringlei. The influence of C. pringlei was seen in the
autumn and winter foliage characteristics of the hybrids, as the leaves of
the C. alnifolia x C. pringlei hybrids remained green much later in the
year than did those of C. alnifolia and stayed on the plants throughout
the winter.
While none of the hybrids exhibited the bright foliage coloration of C.
pringlei, observation of a greater number of hybrids may have resulted
in the identification of plants with the desired foliage characteristics.
Alternatively, it is often necessary to develop F2 populations from
interspecific hybrids in order to recover plants having the desired
combination of ornamental traits. The objectives of this study were to 1)
generate and evaluate additional hybrids between C. alnifolia and C.
pringlei and 2) evaluate the feasibility of producing F2 plants from C.
alnifolia x C. pringlei hybrids.
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Reciprocal hand-pollinations were made between C. alnifolia and C.
pringlei during summer 1999, using previously described procedures (2).
Seed capsules were collected in late October. Seeds were removed from
capsules under a stereomicroscope using fine-tipped forceps, and then
stored at 5ºC for 2 months prior to planting. Progeny were grown under
60% shade in 3-gallon containers in summer 2000, overwintered under
plastic, and then transferred to full sun conditions in spring 2001.
During summer 2000, verified C. alnifolia x ‘Ruby Spice’ x C. pringlei
hybrids obtained from crosses made in 1998 were intercrossed to
produce F2 populations. Prior to flower opening, entire inflorescences
on the three flowering ‘Ruby Spice’ x C. pringlei hybrids were covered
with breathable plastic bags. As the flowers on an inflorescence began
to open, pollen was collected from a different ‘Ruby Spice’ x C.
pringlei plant, and applied to the stigmas of all open flowers. The
inflorescence was re-bagged and the pollination procedure repeated 3 to
4 days later. The F2 progeny were seeded in winter 2000-2001, and
grown under shade during spring and summer 2001.
Results and Discussion: The 604 C. alnifolia x C. pringlei crosses
yielded 226 seeds, of which 21 germinated (Table 1). As with the
crosses made in 1998, no seed was recovered when C. pringlei was
used as the maternal parent. Plants were obtained from crosses involving
all three C. alnifolia cultivars. ‘Ruby Spice’ x C. pringlei and ‘Hummingbird’
x C. pringlei plants were very similar in appearance to the hybrids obtained
from the 1998 pollinations, resembling C. alnifolia much more than C.
pringlei. In contrast, the stems and new foliage of one of the ‘Hokie Pink’
x C. pringlei plants (plant 402A) were a distinctive reddish bronze color.
While not as intensely colored as C. pringlei, the foliage of this plant was
extremely attractive. ‘Hokie Pink’ x C. pringlei plant 402A resembled C.
pringlei in leaf length, leaf width, leaf length:width ratio and petiole length
(Table 2). The second ‘Hokie Pink’ x C. pringlei plant (plant 402B) was
not as intensely colored as plant 402A, but its foliage was redder than that
of the other C. alnifolia x C. pringlei hybrids or of C. alnifolia intraspecific
hybrids growing under the same environmental conditions. Leaf
measurements of plant 402B were intermediate to that of the parents.
Both of these ‘Hokie Pink’ x C. pringlei hybrids will be propagated during
summer 2001 so that they can be evaluated for commercial value.
Limited numbers of C. alnifolia x C. pringlei inflorescences were available
for use in pollinations during summer 2000. Pollinations of 12 inflorescences
yielded 212 seed capsules. Because of the small seed size and large
quantity of seed obtained, precise counts of number of seed in these
capsules were not made. It was estimated that 1000-2000 F2 seeds
were obtained from these intercrosses; of these 107 germinated. F2
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seedlings were healthy and normal in appearance, but were too young to
be evaluated for foliage coloration and cold hardiness. Additional F2
crosses will be made during summer 2001.
Significance to Industry: Clethra alnifolia is an easy-to-grow shrub that
is adapted to much of the U.S. The primary ornamental attribute of this
species is its extremely fragrant flowers. Development of cultivars with
additional ornamental characteristics would increase the popularity of this
shrub. Clethra pringlei, with its glossy, reddish-colored evergreen foliage,
represents a potentially useful source of germplasm for the improvement
of the ornamental qualities of C. alnifolia. The hybrids reported and
evaluated in this study represent the first step in a breeding program
designed to combine the cold-hardiness and adaptability of C. alnifolia
with the ornamental foliage characteristics of C. pringlei. Hybrids exhibiting
some of the foliage characteristics of C. pringlei were identified in this
study, and may possibly have commercial value. Production of F2
populations from C. alnifolia x C. pringlei hybrids, which was accomplished
in this study, serves as another avenue for combining desirable characteristics
from the two species.
Literature Cited:
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Table 1. Results of reciprocal crosses made in summer 1999 between
Clethra alnifolia and C. pringlei.
No.
No.
crosses No. seed
No. seed surviving
made obtained germinated plants
Hybridization
C. alnifolia ‘Hokie Pink’ x C. pringlei
202
15
3
2

C. alnifolia ‘Hummingbird’ x C. pringlei 199

106

9

8

C. alnifolia ‘Ruby Spice’ x C. pringlei

105

9

9

C. pringlei x C. alnifolia ‘Hokie Pink’ 190

0

---

---

C. pringlei x C. alnifolia ‘Hummingbird’ 207

0

---

---

C. pringlei x C. alnifolia ‘Ruby Spice’

0

---

---

203

208

Table 2. Leaf measurements of C. alnifolia ‘Hokie Pink’, C. pringlei, and
two ‘Hokie Pink’ x C. pringlei plants.
Petiole
length
Leaf
length:width (mm)

Leaf
length
(cm)z

Leaf
width
(cm)

C. alnifolia ‘Hokie Pink’

6.4 c

2.8 c

2.3 a

4.9a

C. alnifolia ‘Hokie Pink’ x C. pringlei
(plant 402A)

8.7 ab

4.6 a

1.9 c

2.0 c

C. alnifolia ‘Hokie Pink’ x C. pringlei
(plant 402B)

8.1 b

3.6 b

2.2 ab

3.6 b

C. pringlei

9.3 a

4.6 a

2.0 bc

2.4 c

Plant

z

Measurements made on 10 of the newest fully emerged leaves. Mean
separation based on Fisher’s LSD (P≤0.05).
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Propagating Baptisia ‘Purple Smoke’ And Keeping It Alive
Joseph L. Conner and Richard E. Bir
North Carolina State University
Index words: Baptisia, Propagation
Nature of work: Baptisia ‘Purple Smoke’ was discovered at the North
Carolina Botanical Garden, Chapel Hill, NC by curator Rob Gardner. It is
a putative hybrid of blue flowering Baptisia australis and white flowering
Baptisia alba. ‘Purple Smoke’ flowers are smoky violet with the charcoal
gray flower stems of Baptisia alba. It was introduced by Niche Gardens/
North Carolina Botanical Garden in 1996.
Propagation is accomplished via late softwood to semi-hardwood
terminal stem cuttings. However, winter survival percentages were
disappointing even when plants were placed in unheated white
polyethylene-covered quonset structures for protection. Similar problems
exist with other herbaceous perennials propagated by stem cuttings (1).
Cuttings from container grown stock plants were direct stuck and rooted
under intermittent mist in Lerio 325 containers in a media comprised of
3:1 v/v pine bark:sphagnum peat with which 4.5 lbs dolomitic limestone
and 2.5 lbs Esmigran had been thoroughly mixed per cu. yd. Fresh cut
stem ends were dipped into a solution of C-Mone K at 1250 ppm IBA to a
depth of 0.5 in. for a duration of 1 second prior to sticking. Half of the
cuttings were stuck so that a bud was at least 0.25 in. beneath the
propagating medium while half were stuck so that only internode, i.e., no
bud, was beneath the propagating medium surface. Cuttings were stuck
on May 8 and July 21, 2000. Cuttings rooted in an average of 4 weeks
then were removed from mist, hardened off for a week, then fertilized
with 0.25 tsp Sta Green 12-6-6.
Rooted cuttings were grown in the same containers in which they were
rooted under overhead irrigation for the remainder of the 2000 growing
season. They were allowed to go dormant naturally through exposure to
ambient temperatures then moved to a white polyethylene covered
winter protection structure until mid January when they were moved to a
heated greenhouse, watered and encouraged to grow. One month after
plants were moved into the greenhouse the percentage of plants showing
new growth from each date and each treatment were recorded.
Results and Discussion: Ninety percent or greater of plants survived
winter from each sticking date if a vegetative bud existed beneath the
propagating medium at the time cuttings were stuck (Table 1). Forty percent
or less survived if no vegetative bud existed beneath the media surface.
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By April, many of these plants were flowering in the greenhouse. Time of
sticking cuttings was critical to flowering. No flowers existed on plants
from the July sticking date. Plants from the May 8 sticking date had 50
percent flowering if a node was beneath the propagating medium while
only 10 percent of those stuck on the same date with no node beneath
the propagating medium flowered.
Significance to Industry: To successfully propagate and keep cuttings
of Baptisia ‘Purple Smoke’ alive until the following spring, cuttings should
be stuck so that a vegetative bud (node) is beneath the propagating
medium surface. To have a significant number of liners flowering the spring
following propagation, cuttings should be stuck in May rather than July.
Literature Cited:
1. Bir, R. E. and J. L. Conner. 1998. How and when herbaceous
cuttings are stuck affects winter survival. Proc. SNA Res. Conf.
43:312-314.
Table 1. Percent survival of Baptisia ‘Purple Smoke’ following winter as
influenced by location of vegetative buds and date of sticking.
Date Stuck
Bud below media
No bud beneath media

May 8
94
40
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July 21
90
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Amplification of DNA from Individual Echinacea Pollen Grains
A. Naseer Aziz, Suping Zhou and Roger J. Sauve
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Index Words: Coneflower, Echinacea, PCR, Individual pollen, Isolated
pollen, DNA.
Nature of Work: Coneflowers (Echinacea spp.) are important herbaceous
perennials in the nursery as well as in the medical herb industries (1, 3).
In 1998, the perennial plant association chose Echinacea purpurea cv.
Magnus as the plant of the year because it is an outstanding perennial
with a wide growth range. Identification of true-to-type plants by observing
the variance in plant structures (genetic markers) is less accurate and more
time consuming than using molecular techniques (4). DNA (deoxyribonucleic
acid) fingerprinting methods can be used to identify the genetic make up
of plants and are very useful for true-to-type identification of plants. Thus
far there is no report on the molecular characterization of Echinacea.
Molecular characterization can also be used in breeding protocols for the
development of new varieties. Compared to conventional breeding
methods, the use of molecular markers can save development costs and
reduce the time required for plant evaluation and release. Since the
genetic markers of a plant segregate into its pollen grains during anthesis,
plant breeders can use this segregation in genetic analysis. Analysis of
molecular markers from individual pollen grains can generate genetic data
without the need of performing controlled pollinations. The segregation of
molecular markers in pollen grains can be used to construct genetic maps,
which can enhance breeding efficiencies (2). In addition, it can further
reduce the cost of plant breeding since maintenance of plant populations
is not required. Because individual pollen grains contain a limited amount
of DNA, the quantity of DNA sample needs to be increased to allow for
genetic analysis. In this paper we report the use of a novel method for
the amplification of DNA from individual pollen grains of Echinacea.
Pollen grains of E. purpurea cv. Magnus were individually collected with
a micromanipulator (Narishige, East Meadow, NY) and placed in PCR
(polymerase chain reaction) tubes that contained 5µl of pollen germination
medium. The pollen germination medium contained 0.29M sucrose,
1.62mM H3BO3 and 1.27mM Ca(NO3)2, (pH 5.7). Following an incubation
of 1-2 hours at room temperature, DNA from single pollen grains was
amplified via PCR using 15-mer primers (Operon Technologies, Alameda,
CA) using modified protocol of Zhang et al. (6). Amplified DNA products
were visualized by 2% agarose gel electrophoresis and stained with
ethidium-bromide. Electrograms were photographed using an AlphaImager
2000 System (Alpha Innotech, San Leandro, CA).
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Results and Discussion: In this research, we demonstrated an innovative
approach for the collection of individual coneflower pollen grains using
micromanipulation (Figure 1) and DNA extraction using a pollen germination
protocol. A pollen grain has a limited amount of DNA, since ample DNA
is needed to perform genetic analyses, we tested the primer extension
pre-amplification (PEP) protocol of Zhang et al. (6) to determine if it could
be used to amplify this DNA. Our findings suggest that this new procedure
can be used for above purpose, as the PEP-based amplified DNA
products obtained were discernible when viewed on ethidium-bromide
stained agarose gels. As expected, the PEP procedure amplified the
segments from Echinacea genome resulting in an array of varied size
fragments that appeared as a smear on the DNA gel. The DNA amplified
using this procedure can be used for further analyses by PCR and/or
restriction based molecular markers.
Significance to Industry: Coneflowers are important to the ornamental
and medicinal herb industries. The development of molecular analytical
systems for this plant will have significance to the nursery industry by
increasing the efficiency of developing new cultivars. Since individual
pollen grains have limited amounts of DNA, the methods tested for the
amplification of the pollen genome via primer extension pre-amplification
will benefit the industry by reducing the costs of genetic analyses. This is
the first report of the use of these procedures for Echinacea.
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Flowering Cherry (Prunus incisa)
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Nature of work: Japanese flowering cherries are increasing in demand
for use in residential, recreational and commercial landscapes. However,
plant diseases that affect these plants are limiting their use. Because of
the increasing demand for flowering cherries, there is a need to develop
selections of commercially desirable cultivars that are resistant to fungal
and bacterial diseases (1). Genetic engineering methods have been
used to create novel genotypes, which could not have been achieved
using classical breeding approaches (2). The purpose of this work was
to develop a protocol for the genetic transformation of Japanese flowering
cherries. The technical platform developed will be used to transform
cherries with other useful genes. For this work, Fuji cherry (Prunus
incisa) was selected because of its ornamental characteristics. This plant
produces red to pink flowers during the spring followed by purple-black
fruits. In the fall, the foliage coloring is in shades of orange. Flowering
cherries are sensitive to a variety of air pollutants and are susceptible to
many fungal and bacterial plant pathogens.
This research project was divided into two sets of experiments. The first
was to determine the concentration of herbicide in the selection medium
to select for the BAR gene (herbicide resistance) in transformed tissue
and the second for establishing a genetic transformation protocol. To
determine the effective concentrations, the growth medium was
supplemented with 0, 2, 3, 4, and 5mg/l of glufosinate-ammonium
PESTANAL (GAP). Explants were excised from non-transformed plants
that had been maintained in tissue culture. After plating, all explants
were incubated in a lighted (16hr photo period at 30 µM m-2s-1 flux)
incubator at 28oC for four weeks. Morphological changes and callus
induction from explants were investigated (3). For genetic transformation
experiments, explants were infected with Agrobacterium tumefaciens
strain EHA105 carrying binary vector pGPTV-BAR which has BAR gene
as a selectable marker and beta-glucuronidase (GUS) gene as a
screenable marker. A single colony of A. tumefaciens was transferred
into a test tube that contained 5ml of 2yt liquid medium (0.5% NaCl, 1%
tryptone and 1% yeast extract) and incubated on a shaker at 28ºC in the
dark for 16 hrs. From this culture, a 2ml aliquot was transferred into a
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beaker that contained 50ml 2yt liquid medium. This new culture was
incubated on a shaker for 24 hours at 28oC in the dark. Following
incubation, the culture was centrifuged at 2000 rpm for 10min at 4oC, the
supernatant discarded and the pellet resuspended in liquid MS mineral
solution supplemented with 100 µM acetosyringone. To prevent leaf
tissue dehydration, plantlets produced in tissue culture were submerged
in MS liquid medium. While the plants were under the liquid medium,
leaves were dissected from stems. Following removal of both adaxial
and abaxial ends of each leaf, the center portion was inoculated by
submergence in a dish that contained a suspension of A. tumefaciens
(OD 600 1.0) and 100 µM acetosyringone for 10 minutes. Following
inoculation, leaves were blotted-dry on filter paper and cultured on MS
supplemented with 20 mg/l 2,4-D and 100 µM acetosyringone under low
light intensity (5 µM m-2S-1 photon flux) for 24 hrs. Infected explants were
then transferred onto petri-plates containing MS supplemented with 20
mg/l 2,4D, 500 mg/l carbonicillin and 5 mg/l GAP. After 3 weeks of
incubation, the explants were transferred onto a selective media that
contained MS supplemented with 5.0 mg/l TDZ, 0.1 mg/l IAA, 500 mg/l
carbonicillin and 5mg/l GAP for 4 weeks for evaluation. All calli that
grew on the selection media were putatively transformed. To confirm
transformation, the reporter GUS gene was tested for its expression
using the following method: Putatively transformed calli were vacuum
infiltrated for 20min and then incubated at 37oC for 16 hrs in GUS
staining solution containing 500 µg/ml of X-Gluc (4).
Results and Discussion: All calli were initiated on MS medium
supplemented with 20mg/l 2,4-D. Media containing 2mg/l GAP, inhibited
callus formation. In media supplemented with 3 and 4 mg/l GAP, all
explants became chlorotic and they died in the medium that contained
5-mg/l GAP.

Agrobacterium infected leaf explants formed calli after 3 weeks of
incubation at 24oC on the selection medium. This medium was MS
supplemented with 20 mg/l 2,4D, 500 mg/l carbonicillin and 5mg/l GAP.
The tissue of calli grown on MS, supplemented with 5.0 mg/l TDZ, 0.1
mg/l IAA, 500 mg/l carbonicillin and 5mg/l GAP for an additional 4 weeks
became very compacted. All transformed calli stained blue after treatment
with the GUS stain, non-transformed tissue remained unstained.
Significance to Industry: In this study, we developed the protocol for
Agrobacterium mediated transformation of Japanese Flowering Cherry.
Once the regeneration protocol is fine-tuned and new genes become
available, this technique will be used for the transformation of cherries
with these commercially important genes.
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