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Propagation of Lindera umbellata by Stem Cuttings
Peter J. Conden, Frank A. Blazich, and Daniel S. Norden
NC State University, Department of Horticultural
Science, Raleigh, NC 27695-7609
frank_blazich@ncsu.edu
Index Words: Auxin, Indolebutyric Acid, Adventitious Rooting, Lauraceae,
Chinese Spicebush
Signiﬁcance to Industry: This study demonstrated that semi-hardwood
cuttings of Lindera umbellata Thunb. (Chinese spicebush) can be rooted at
> 70% when treated with 7500 ppm (0.75%) of the free acid of indolebutyric
acid (IBA) dissolved in 50% isopropyl alcohol. However, overwinter survival of
the rooted cuttings was extremely poor.
Nature of Work: There are many species of Lindera Thunb. suitable for
landscapes in the southeast United States. These plants exhibit resistance to
environmental stresses, insect pests, and disease and are adaptable to a wide
range of growing conditions (8).
Lindera umbellata is an attractive deciduous species in the Lauraceae. It is
indigenous to “scrubland” up to elevations of 3000 m (9850 ft) in China from
Kiangsi to West Sichuan, and in Honshu, Shikoku, and Kyushu, Japan (7) where
it grows as a large spreading shrub. In its native habitat, this species can reach
6 m (19.7 ft) and a mature specimen growing at the JC Raulston Arboretum,
Raleigh, NC, measured 4 m (13.1 ft) tall with an equal spread. The narrow oblong
leaves of L. umbellata [7.6 to 12.7 cm (3 to 5 in) long by 2.5 cm (1 in) wide] have
silvery undersides turning a striking orange and yellow color in the fall. Glossy,
round black fruit (drupes), 8 mm (0.31 in) in diameter (4), also mature in the fall
and the foliage turns silvery beige in winter and also persists, providing year
round interest. There are no known insect or disease problems associated with
Chinese spicebush, and it has exhibited drought tolerance at the JC Raulston
Arboretum, where it is grown in full sun with no supplemental irrigation. These
attributes suggest this species may have considerable landscape potential
for the southeastern United States. In addition to its ornamental qualities
L. umbellata as well as other Lindera spp., have been studied for their potential
roles in modern medicine as well as having a history of traditional medicinal
use (1,5,6,9).
Sexual (seed) propagation has been reported for several species of Lindera
although at the risk of unpredictable plant-to-plant variation (3). Propagation by
stem cuttings, however, would facilitate cloning of desirable genotypes, possibly
leading to named cultivars. No research has been reported on propagation of
L. umbellata by stem cuttings, although L. obtusiloba Bl. (Japanese spicebush)
has been propagated sexually and by semi-hardwood cuttings treated with
IBA (2). The North American L. benzoin (L.) Bl. is reported to have been
rooted from “half-ripe” stem cuttings but in low percentages and can also
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be propagated by seed (2). With the aforementioned reports supporting the
possibility of vegetative propagation of L. umbellata, the following research
was conducted to investigate the feasibility of propagating this species by
stem cuttings.
Terminal stem cuttings of L. umbellata were taken on three dates representing
three growth stages (softwood, semi-hardwood, or hardwood). Semi-hardwood
and hardwood cuttings were treated with 0, 2500 (0.25%), 5000 (0.5%), 7500
(0.75%) or 10,000 ppm (1.0%) of the free acid of IBA dissolved in 50% isopropyl
alcohol, whereas softwood cuttings were treated with the same concentrations
of the potassium (K) salt of IBA (K-IBA) dissolved in distilled water. All cuttings
were placed in a raised greenhouse bench and rooted under intermittent mist.
After 12 weeks the cuttings were harvested and various data recorded.
Following evaluation, 70 rooted semi-hardwood cuttings were transplanted into
individual 0.9-L (1 qt) containers using a medium of 8 pine bark : 1 sand (by
volume) and top dressed with 3 g (0.11 oz) of a 3 to 4 month, controlled-release
fertilizer having an analysis of 15N-9P2O5-12K2O plus micronutrients (Osmocote,
Scotts-Sierra Hort. Products Co., Marysville, OH). The containers were placed
on a gravel pad at the Horticulture Field Laboratory, Raleigh, where they
received daily overhead irrigation. In the late fall these plants were placed in an
unheated greenhouse for overwintering.
Results and Discussion: The majority of the hardwood cuttings died, with none
of the survivors rooting. Softwood cuttings survived but with overall rooting
of only 5%. Response of the semi-hardwood cutting to IBA was quadratic
with the greatest rooting (73%) observed for those cuttings treated with 7500
ppm (0.75%) IBA. However, root number and root length were not signiﬁcantly
affected by IBA treatment.
None of the rooted semi-hardwood cuttings, which were potted, produced
a ﬂush of new growth before being placed in an unheated greenhouse for
overwintering. The following spring, only six of the 70 plants were alive and
produced a weak ﬂush of growth, and of these six, three survived the ﬁrst
growing season. This suggests that L. umbellata may require a ﬂush of growth
before overwintering in order to survive.
Although results demonstrate that semi-hardwood stem cuttings of L. umbellata
can be rooted in percentages > 70%, additional research is necessary to
improve overwinter survival of rooted cuttings. In actuality, this problem must
be overcome before rooting of stem cuttings can be regarded as a successful
means to propagate L. umbellata.
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Mist, Vapor Pressure Deﬁcit, and Cutting Water Potential
Inﬂuence Rooting of Stem Cuttings of Loblolly Pine
Anthony V. LeBude, Frank A. Blazich, and Barry Goldfarb
NC State University, Dept. of Horticultural Science, Raleigh, NC 27695-7609
avlebude@unity.ncsu.edu
Index words: Clonal Forestry, Pinus taeda, Water Relations, Plant Propagation
Signiﬁcance to Industry: Propagators can use stem cutting physiology of
nonrooted stem cuttings of loblolly pine (Pinus taeda L.) to estimate potential
rooting success. By proper mist application, moderate levels of cutting water
potential (Ψcut) associated with high rooting can be maintained. One possibility
to achieving moderate levels of Ψcut is to control mist application using
vapor pressure deﬁcit (VPD). In this way, VPD can account for environmental
variability in various rooting environments. For example, in an outdoor rooting
environment irradiance would likely be higher than in a greenhouse. As VPD
increases faster outdoors than in the greenhouse, mist application would be
more frequent to account for such ﬂuctuations and eventual water loss. Thus,
the target range of Ψcut would still be maintained in both environments.
Currently, experiments are being conducted using this procedure to validate
these ﬁndings.
Nature of Work: Vegetative propagation can be used to multiply full-sib families
and elite individuals within full-sib families (clones) of loblolly pine for breeding,
testing, selection, and deployment. Currently, propagators are using various
rooting environments to produce rooted stem cuttings on an operational scale.
Methods currently in use include polyethylene covered greenhouses, semishaded outdoor structures, or direct ﬁeld setting of cuttings. These protocols,
however, might not be applicable to all rooting environments (1). Therefore,
this research was conducted to determine which environmental factors affect
adventitious rooting and stem cutting physiology of loblolly pine to aid the
design and implementation of suitable rooting environments.
Previous work by LeBude et al. (2,4) utilized six mist regimes to create a range
of cutting water potentials in nonrooted stem cuttings. Results indicated that
rooting percentage was related moderately with mean daily Ψcut measured
during the ﬁrst 4 weeks after setting cuttings (2,4). The present study reports on
the relationship among a subset of those Ψcut measurements, VPD, and rooting
percentage recorded during the same experiment (4).
Plant material and other propagation protocols have been described
previously (2,3,4). Brieﬂy, hardwood, terminal stem cuttings were collected
and bulked from serially propagated, hedged, stock-plants of two full-sib
families of loblolly pine each consisting of approximately 30 clones. Cuttings
were maintained in a clear polyethylene covered greenhouse under natural
photoperiod and irradiance. Mist was applied intermittently by a traveling gantry
(boom) system (McConkey Co., Mt. Puyallup, Wash.) at a variable frequency
related inversely to the relative humidity (RH) (50Y Temp./RH Sensor, QCOM,
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Irvine, CA) within the greenhouse. Misting frequency (boom pass) was similar for
all treatments, but differences among mist application treatments were created
by altering boom traveling speeds.
A randomized complete block experimental design was utilized comprising two
replications of six mist treatments. The mist treatments were 45 (1.3), 61 (1.7),
75 (2.1), 102 (2.9), 147 (4.2), or 310 (8.8) ml m-2 (oz yd-2) of mist application per
boom pass. A pressure chamber was used to measure Ψcut destructively every
3 h between 0500 and 2300 HR (seven measurements) on two cuttings per
plot 7, 14, 21, or 28 days after setting (DAS). Data for Ψcut were averaged for
the 1100, 1400, and 1700 HR measurements only and then averaged over the
4 weeks prior to use in regression analyses. Leaf temperature was measured
using a thermocouple (Type-T, Omega Engineering, Stamford, CT) attached
to one stem cutting in each plot (12 plots total) and recorded by a data logger
(CR23X Micrologger, Campbell Sci., Logan, UT). RH was measured in one
replication of each mist level (six plots total) by placing a datalogger (HoBo,
Onset Computer, Bourne, MA) under the mist at the level of the stem cuttings.
VPD was calculated for each mist level by using the leaf temperature from
all 12 plots and the RH from the six plots. As a result, data were averaged
over both replications for each mist level prior to use in analyses. Percentage
of cuttings that remained and produced at least one root ≥ 1 mm (0.04 in)
was recorded 70 DAS. Regression analyses were used to determine the
relationships between mist application and VPD, and between VPD, Ψcut, and
rooting percentage.
Results and Discussion: Mean daily VPD ranged from 0 to 1.2 kPa, depending
on time of day and mist application (Fig. 1). Visible differences in recorded
VPD among mist treatments began to occur around 1000 HR and continued
until approximately 1800 HR. During this time, VPD was related strongly to
mist application (Fig. 2A). This would be expected since mist application
lowers leaf temperature and increases the RH surrounding stem cuttings, which
inﬂuences VPD. When Ψcut was averaged over this same time period (mean of
measurements at 1100, 1400, and 1700 HR), Ψcut was related strongly to VPD
(Fig. 2B).
Rooting percentage was ≥ 80% when mean Ψcut was between - 0.5 and
-1.2 MPa (Fig. 3A), indicating that stem cuttings might need to experience some
degree of water deﬁcit to stimulate adventitious root formation. Rooting was
also strongly related to VPD (Fig. 3B). Collectively, these data suggest that mist
application can be controlled using VPD to create a range of Ψcut necessary to
stimulate adventitious rooting in stem cuttings of loblolly pine.
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Fig. 1. Mean vapor pressure deﬁcit 20 (75 ml m-2) or 30 DAS for each hour by
mist applied per boom pass. Data points are means of two replications. A mist
level of 61 ml m-2 (1.7 oz/yd2)was not included due to instrument malfunction
while recording data.
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Fig. 2. Mean vapor pressure deﬁcit (VPD) between 1000 and 1800 HR 20
(75 ml-m-2 only) or 30 DAS. (A) Mist application or (B) mean cutting water
potential recorded at 1100, 1400, or 1700 HR, at 7, 14, 20 (75 ml m-2 only) or
30 DAS for nonrooted, hardwood stem cuttings of loblolly pine set April 2002.
Data points are means of two replications. A mist level of 61 ml m-2 (1.7 oz/
yd2) was not included in both ﬁgures due to instrument malfunction while data
were recorded.
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Fig. 3. Rooting percentage as a function of (A) cutting water potential for
measurements recorded at 1100, 1400, or 1700 HR at 7, 14, 20 (75 ml m-2 only)
or 30 DAS, and (B) mean vapor pressure deﬁcit between 1000 and 1800 HR 20
(75 ml m-2 only) or 30 DAS for nonrooted, hardwood stem cuttings of loblolly
pine set April 2002. Data points were averaged over both replications. A mist
level of 61 ml m-2 was not included in both ﬁgures due to instrument malfunction
while data were recorded.
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Rooting Stem Cuttings of Loblolly
Pine Using an Aeroponic System
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NC State University, Dept. of Forestry, Raleigh, NC 27695-8002
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Signiﬁcance to Industry: Stem cuttings of loblolly pine (Pinus taeda L.) can be
rooted aeroponically by applying mist to the bases of stem cuttings at speciﬁc
time intervals. However, improvements need to be made to the aeroponic
system discussed herein to distribute uniformly and less forcefully the basal mist
to stem cuttings. Rooting percentages and overall root quality might increase
with such modiﬁcations.
Nature of Work: Aeroponics is a method of growing plants in a soil-less
environment where the roots of the plant are suspended in an enclosed chamber
and water and mineral nutrients are supplied by a ﬁne mist (3). Aeroponic
systems use less water, fertilizer, and space than common production methods
and are used commonly for vegetable and ﬂoriculture production. Also,
numerous tree and shrub species have been propagated by stem cuttings using
an aeroponic system and then grown under the same conditions as they were
rooted (1). Many ornamental conifer species with desirable form and color,
such as spruces (Picea A. Dietr.), cedars (Cedrus Trew.), larches (Larix Mill.),
ﬁrs (Abies Mill.), hemlocks (Tsuga Carriere), and some junipers (Juniperus L.),
are difﬁcult to root from stem cuttings, so aeroponics may be an option for
producing clones of these desired species (2,4). Potential beneﬁts to producing
rooted cuttings aeroponically would be minimal lifting and handling of plants
after rooting. Stem cuttings could be transferred to cold storage and then ﬁeld
planted at a later time.
Loblolly pine is the most valuable timber species in the southeast U.S. and
is difﬁcult to propagate by stem cuttings (5). Currently, elite genotypes of
loblolly pine are planted almost exclusively as bare root or container seedlings.
Presently, researchers are experimenting with various production methods to
multiply superior genotypes by stem cuttings and to interface that technology
with current seedling production systems. One possible way is to produce
rooted stem cuttings using an aeroponic system without rooting substrate or
containers. Therefore, research was conducted to determine if stem cuttings of
loblolly pine could be rooted in an aeroponic system, and to compare rooting
aeroponically with a standard vegetative propagation method by rooting
stem cuttings.
The aeroponic system consisted of opaque plastic boxes that maintained low
light and high humidity. Stem cuttings were inserted through holes in the tops of
the boxes and basal mist was delivered to the bases of the stem cuttings inside
the boxes by a fog nozzle. The aerial portion of the stem cuttings protruding

342

Propagation Section

SNA RESEARCH CONFERENCE - VOL. 49 - 2004
upward from the box received intermittent mist by a traveling gantry (boom)
system (ITS, McConkey, Mt. Payallup, WA). Mist frequency was related inversely
to relative humidity within a polyethylene-covered greenhouse controlled by
an environmental management software package (QCOM, Irvine, CA). The
experimental design was a split-plot with overhead mist application as the main
plot and aeroponic treatment as the sub-plot. Two replications of overhead
mist application provided two mist application rates of 73 or 147 ml m-2 (2.1 or
4.2 oz/ yd2) per mist application (boom pass). Two treatments of aeroponic basal
mist were applied for 5 sec every 5 or 8 min. The control treatment consisted
of 164 ml (5.8 oz.) containers (RayLeach SuperCells, Steuwe and Sons,
Covallis, OR) ﬁlled with 2 peat : 3 perlite (v/v). Dormant, terminal stem cuttings
were collected from hedged, stock plants of two full-sib families consisting
of 30 clones each in February 2002 and stored for 10 weeks at 4° C (39° F).
Thirty cuttings were then re-cut from the bases to 9 cm (3.54 in.), dipped for
3 sec in a 10 mM solution of 1-naphthaleneacetic acid (NAA; 1.86 g l-1 in 30%
ethanol v/v) and placed in each plot (30 cuttings x 2 mist levels x 3 treatments x
2 replications =360 total stem cuttings). The experiment was initiated May 2002
and after 10 weeks rooting percentage, number of roots, shoot height, and root
and shoot dry weights were recorded.
Results and Discussion: Rooting percentage was not affected by overhead
mist application but was affected by basal treatment of stem cuttings (Table 1).
Averaging over both mist levels, rooting percentage was 68% for control stem
cuttings, and 32% for each of the other two basal mist treatments (Fig. 1).
Rooted stem cuttings produced 4.3 roots per rooted cutting, which was not
affected by mist or basal treatment (Table 1). Root dry weight was similar
between the control [0.12 g (0.004 oz)] and the 8 min interval treatment [0.08 g
(0.003 oz)] but greater than the 5 min interval [0.05 g (0.002 oz)] (Tables 1 and 2).
Possibly, stem cuttings in the control rooted earlier than cuttings in the basal
mist treatments, subsequently producing more root mass following rooting.
Moreover, the plastic rooting tubes could have afforded more protection for
roots during growth following rooting than exposure to mist in the aeroponics
boxes. Based on visual observations, roots appeared more suberized in both
aeroponic treatments than roots in the control.
Shoot dry weight was 0.84 and 0.65 g (0.03 and 0.02 oz) per rooted cutting,
respectively, for cuttings rooted under 73 and 147 ml m-2 (2.1 or 4.2 oz/yd2) of
mist per boom pass regardless of basal mist treatment (Table 1). In contrast,
shoot height was higher for rooted cuttings in both basal mist treatments [≈
13 cm (≈ 5.1 in.)] than for the control [10.7 cm (4.2 in.)], but shoot height was
not affected by overhead mist application (Tables 1 and 2). Shoot:root ratio was
similar to root dry weight since shoot dry weight was similar for basal treatments
in each mist level (Table 1). Shoot:root ratio of the control (7.1) and 8 min
interval (9.8) were similar to each other but different than the 5 min interval (13.9)
(Table 2).
Stem cuttings rooted at higher percentages and the quality of the root system
was better for control cuttings. Comparing the two aeroponic treatments,
rooting percentage was unaffected, however, root system quality was improved
by extending basal misting intervals to 8 min. With improvements to the overall
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aeroponic system, higher rooting percentages might be achieved with extended
intervals for basal treatments and prove a useful procedure for producing rooted
stem cuttings of loblolly pine.
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Table 1. Analysis of variance for stem cuttings rooted in three basal treatments
under two mist levels in May 2002. Asterisk denotes signiﬁcance at P < 0.05.

Source

df Rooting Root Shoot Root Shoot
Shoot:
(%)
no.
ht.
dry wt. dry wt. root ratio

Rep

1

0.43

0.47

0.23

0.59

0.38

0.46

Mist

1

0.61

0.21

0.21

0.75

0.01*

0.43

Rep x Mist (error a) 1

0.07

0.61

0.13

0.23

0.97

0.17

Trt

2

0.04*

0.15

0.02*

0.05*

0.47

0.03*

Mist x Trt (error b)

2

0.21

0.57

0.73

0.74

0.34

0.66

Table 2. Mean shoot height, root dry weight, and shoot:root ratio for hardwood
stem cuttings of loblolly pine rooted in three basal mist treatments under two
mist levels in May 2002. Means in a column followed by the same letter are not
signiﬁcantly different at P = 0.05 as determined by LSD.
Basal treatment

Shoot ht. (cm)

Root dry wt. (g)

Shoot:root ratio

Control

10.7 a

0.12 a

7.08 a

5 min interval

13.6 b

0.05 b

13.94 b

8 min interval

13.4 b

0.08 ab
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Fig. 1. Rooting percentage for hardwood stem cuttings of loblolly pine rooted
in three basal treatments under 73 or 147 ml m-2 of mist per boom pass in
May 2002.
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In Vitro Regeneration of Cladrastis kentukea
Denita Hadziabdic, Robert N. Trigiano, Stephen Garton,
Mark T. Windham, William E. Klingeman and Lori A. Weaver-May
University of Tennessee, Dept. of Entomology and Plant Pathology,
Knoxville, TN 37996-4560
Index Words: Cladrastis kentukea, plant growth regulators, rooting,
tissue culture
Signiﬁcance to the Industry: Efﬁcient tissue culture systems can enhance
yellowwood propagation methods without relying on conventional techniques;
however, these systems yield limited success and are seasonal dependent.
Offering alternative propagation methods for this exceptional southeasternnative tree can increase marketability and ornamental value. Tree sales may
also be extended into a wider geographical distribution. Faster, more efﬁcient
commercial propagation methods, for yellowwood with superior phenotypes,
offer continuous, year round production of high quality plants to growers.
Nature of Work: Cladrastis kentukea (Dum.-Cours.) Rudd (American
Yellowwood) is an ornamental tree and a member of the Fabaceae. The genus
Cladrastis encompasses only 4 species, and three are native to southeastern
Asia (2). Yellowwood, described in 1812 is native to North Carolina, Kentucky
and Tennessee but is not very common (1). Yellowwood is difﬁcult to propagate
by conventional vegetative methods; nevertheless, commercial propagation of
yellowwood relies on seed, which requires scariﬁcation and stratiﬁcation (1).
Seed supply may be limited from year to year due to yellowwood’s sporadic
blooming cycles. Yellowwood has ornamental qualities and the potential for
wider geographical distribution and availability. However, its value in nursery
and landscape production can be limited by lack of an efﬁcient method of
propagation (6). Propagation by means of tissue culture can enhance plant
efﬁciency and provide year round production with high quality plants, offering
rapid mass propagation methods as well as an alternative technique of
propagation for this native species. Although axillary bud proliferation and
somatic embryogenesis have been accomplished in the Fabacae, requirements
for in vitro propagation of legumes are species dependent (6). The objective
of this study was to develop a tissue culture system for clonal propagation of
yellowwood and provide faster and more efﬁcient methods for its commercial
propagation. The only reported study to date on tissue culture propagation
methods of yellowwood was done by Weaver and Trigiano in 1990 (6).
All yellowwood plant material originated from a single tree at the University of
Tennessee Agricultural campus in Knoxville, TN, which eliminated genotype
effect. Axillary buds were removed from elongated branchlets during the last
week of April before ﬂowering. After the lamina and most of the petiole were
eliminated, nodal segments were removed one centimeter above and below
enlarged clasping petiole bases enclosing the axillary buds. Stem segments
were dipped in 95% ethanol, ﬂamed for 10 seconds, and then surface sterilized
in 20% v/v commercial bleach solution (Clorox) amended with 0.1%Triton X100 with constant stirring for eight to ten minutes. Explants were rinsed three
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times with sterile distilled water. After surface sterilization procedures, the
cut ends exposed to the bleach were removed, and axillary buds were placed
in 20x150 mm culture tubes. The two basal media, Murashige and Skoog
(MS) (4) and Woody Plant Medium (WPM) (3), were amended with 0, 1, 2 and
4 µM 6–benzylaminopurine (BA). In the previous study (6), yellowwood axillary
buds produced the most consistent number of shoots and performed the best
overall, which was evident in this research as well, in culture supplemented with
either 2.2 or 4.4 uM BA. Later in the study, all explants were placed in tissue
culture jars, regardless of initial BA concentration, on 2 µM BA. Cultures were
maintained in incubators at 23°C under 25 µmol.m-2.sec-1 light intensity for
16/8 light-dark photoperiod. Over the time, WPM medium was unsuitable for
yellowwood in vitro production, resulting in stunted growth, necrosis, yellowing
and overall poor performance of the plants, so they were excluded from
the study.
Thirty-nine weeks after initial culture, elongated shoots were harvested and
transferred to Magenta GA-7 vessels containing half-strength MS medium
supplemented with 6g/L of agar. Indole-3-butyric acid (IBA) was ﬁlter-sterilized
using a 0.22 µm syringe ﬁlter and added after the medium had cooled, but not
hardened at the following concentrations: 0, 3, 30, 100, and 300 µM. After
an initial pulse treatment of three days, explants were placed in 17x100 mm
plastic, disposable culture tubes with plastic snap-on caps, containing halfstrength MS without plant growth regulators. The experimental design was a
randomized complete block design with four explants per each Magenta vessel
and six replications for each treatment. The experimental unit consisted of one
microshoot per culture tube, resulting in 120 explants. Proliferating masses
were transferred to fresh medium with 2µM BA and were used again for the
rooting projects. Data was analyzed using analysis of variance (ANOVA) and
means separated using LSD t test (alpha=0.05) (5).
Results and Discussion: After four weeks, data was collected including: the
numbers of rooted microshoots, number of roots per rooted microshoot, length
of each root, number of damaged meristems, presence or absence of lenticels,
and number of roots. Signiﬁcant differences (P<0.05) were observed with the
explants exposed to 300µM of IBA compared to other treatments. In total,
75% of explants rooted when exposed to 300 µM IBA for three days. Although
this treatment yielded the most rooted plantlets, there was signiﬁcantly higher
(P<0.025) terminal meristem abortion compared to the microshoots treated
with 100 and 30 µM IBA (Table 1). This suggests that better balance between
exposure and timing of auxin treatments for rooting is critical and will require
further studies. When exposed to concentrations of 100 and 30 µM of IBA,
the number of microshoots that rooted did not signiﬁcantly differ -- 54% and
45% of microshoots rooted, respectively. Also, when comparing meristem tip
damage, these two treatments showed no signiﬁcant difference between each
other (P=0.7756), however, there was signiﬁcantly less damaged (P<0.0118 and
0.0356, respectively) than with microshoots rooted on 300 µM (Table 1). Only
4% of the microshoots rooted when exposed to 3 µM IBA and none of the
control microshoots (without IBA) rooted. There were no statistical differences
between the numbers of roots and root length among all treatments. However,
all rooted microshoots included lenticels.
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Rooted microshoots were washed with tap water and placed 5.5 cm pots
containing autoclaved, general purpose medium - Promix BX (Premier
Horticulture Ltd, Pennsylvania), and gradually acclimatized rooted plantlets to
non-sterile environment.
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Table 1. Effect of IBA on root formation and meristem tip damage of Cladrastris
kentukea microshoots. Vertical bars represent standard error.
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Substrate Application of Auxin for Rooting
Cuttings of Elaeagnus xebbingei
Eugene K. Blythe1, Jeff L. Sibley1, Ken M. Tilt1, and John M. Ruter2
1
Auburn University, Department of Horticulture, Auburn, AL 36849
2
University of Georgia, Department of Horticulture, Tifton, GA 31793
jsibley@acesag.auburn.edu
Index Words: Adventitious Rooting, Cutting Propagation, Root-promoting
Compounds, Stabilized Organic Substrate
Signiﬁcance to the Industry: Experimental results indicate that cuttings
of Elaeagnus ×ebbingei may be rooted successfully in a stabilized organic
substrate that has been pretreated with auxin. Further studies have indicated
that this technique is applicable to other woody landscape species. With the
selection of an optimal auxin formulation and concentration, root development
can be similar to or greater than for cuttings receiving a conventional basal
dip. This technique can help improve nursery safety and productivity, and is
compatible with mechanized propagation systems.
Nature of Work: The ability of auxins to promote rooting of stem cuttings
of ornamental plants has been known since the 1930s (4). In commercial
propagation, auxin is typically applied to stem cuttings as a basal quickdip using liquid or talc formulations or an extended basal soak using liquid
formulations (5). Less common methods of applying auxin to stem cuttings
include application via a foliar spray, insertion of auxin-treated objects into the
cutting base, and total immersion of whole cuttings in an auxin solution (1,2).
With concurrent emphasis on improving employee safety and reducing
production costs through improved labor processes and automation,
propagators could beneﬁt from alternative methods of auxin application
that permit use of lower concentrations and use of automated equipment.
Incorporation of auxins directly into the rooting substrate could be one means of
accomplishing these goals. Having obtained positive results using this method
with stem cuttings of Hedera helix and Rosa ‘Red Cascade’ (3), the objective
of this trial was to evaluate the technique for rooting cuttings of Elaeagnus
×ebbingei, a less-easy-to-root ornamental.
Q PlugTM rooting plugs (International Horticultural Technologies, Hollister, CA),
stabilized organic substrate units containing peat moss and a polymer binder,
were used to provide uniform, easily handled rooting substrate elements.
1.1-inch x 2.25-inch round plugs (19 cc vol.) were dried for 24 hours at 115F
and then soaked by submergence for 24 hours in water; aqueous solutions of
K IBA at 15, 30, 45, 60, and 75 ppm; and aqueous solutions of K IBA + K NAA at
15 + 7.5, 30 + 15, 45 + 22.5, and 60 + 30 ppm. Plugs were placed into 180 cells
of a 200-cell polyethylene tray in a completely randomized design.
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Semi-hardwood stem cuttings of Elaeagnus ×ebbingei were prepared as 2-inch
long, four-node subterminal cuttings with a leaf removed from the basal node.
Cuttings in treatment 1 received no auxin treatment, while cuttings in treatments
2 and 3 received a 1-second basal dip to a depth of 0.25-inch in 1000 ppm
K IBA or 1000 ppm K IBA + 500 ppm K NAA, respectively; these cuttings were
stuck to a depth of 0.25-inch into plugs that had been soaked in water. Cuttings
in the remaining treatments were stuck to the same depth into plugs that had
been soaked with the nine auxin solutions. Fifteen cuttings per treatment were
stuck on Feb. 20, 2003 and placed under a greenhouse mist system providing
overhead mist for 6 seconds every 16 minutes during daylight hours for a
rooting period of 88 days. Number of roots, total root length, and shoot length
(initial growth during the rooting period) were evaluated with regression analysis
and compared with the basal dip control treatments using Dunnett’s Test.
Rooting percentages and percentages of rooted cuttings with new shoots were
evaluated with logistic regression.
Results and Discussion: Cuttings in plugs treated with 45 ppm K IBA and
60 ppm K IBA produced greater rooting percentages than cuttings receiving a
basal quick-dip in 1,000 ppm K IBA (Table 1). Cuttings rooted in plugs treated
with concentrations of K IBA ≥ 30 ppm or K IBA + K NAA ≥ 45 ppm + 22.5 ppm
produced more roots than cuttings treated with the corresponding basal quickdip treatments, while total root length was greater for cuttings rooted in plugs
treated with K IBA at concentrations of 45 ppm and 60 ppm or K IBA + K NAA
≥ 30 ppm + 15 ppm than cuttings treated with the corresponding basal quickdip treatments. Cuttings showed an increasing response in number of roots and
total root length with increasing concentration of K IBA + K NAA. Overall results
indicated that the inclusion of K NAA in the treated plugs was beneﬁcial to root
development.
Percent of rooted cuttings with new shoots for cuttings in untreated and K IBAtreated plugs was similar to cuttings receiving a basal quick-dip in K IBA, and
similar or greater for cuttings in untreated and K IBA + K NAA-treated plugs
compared to cuttings receiving a basal quick-dip in K IBA + K NAA (Table 1).
Cuttings rooted in plugs treated with K IBA showed a decreasing response in
total shoot length with increasing auxin concentration. However, indication of
some suppression of shoot growth in auxin-treated plugs did not appear to be
due to the effect of auxin alone, as the response was not exhibited with the K
IBA + K NAA-treated plugs; other factors, such as size of the root system and its
promoting effect on shoot growth, could have inﬂuenced the rate of initial shoot
development as well.
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Table 1. Rooting and initial shoot growth response of Elaeagnus ×ebbingei
cuttings to K IBA or K IBA + K NAA applied via a treated plug or a basal dip.

Rooting
(%)y

Mean no.
roots/
rooted
cuttingx

Mean total
root length/
rooted
cutting (mm)x

Rooted
cuttings
with new
shoots (%)

Mean total
shoot
length/rooted
cutting (mm)x

Untreated

66.7%

2.5

132

100.0% Bu

40.4 Bu

15 K IBA treated
plug

66.7%

2.5

131

100.0%

30.3

30 K IBA treated
plug

60.0%

3.6 Av

176

100.0%

38.7

45 K IBA treated
plug

86.7% A

3.8 A

210 A

100.0%

26.5

60 K IBA treated
plug

86.7% A

3.7 A

205 A

100.0%

19.0 a

75 K IBA treated
plug

73.3%

3.2 A

156

90.9%

13.2 a

NS

L*Q*

Q*

NS

L***

1000 K IBA basal
quick-dip

60.0%

2.0

107

88.9%

32.4

15 K IBA + 7.5 K
NAA treated plug

40.0%

2.7

146

83.3%

17.8

30 K IBA + 15 K
NAA treated plug

80.0%

4.3

225 B

83.3%

16.6

45 K IBA + 22.5 K
NAA treated plug

60.0%

6.8 B

333 B

100.0% B

26.3

60 K IBA + 30 K
NAA treated plug

73.3%

6.9 B

354 B

100.0% B

20.7

NS

L***

L***

NS

L*Q**

53.3%

2.5

126

75.0%

21.6

Auxin treatment
(ppm)z

Responsew

Response
1000 K IBA +
500 K NAA basal
quick-dip

Plugs were soaked in auxin (for the nine K IBA and K IBA + K NAA treatments) or water ( for the
“Untreated”, “1000 K IBA basal quick-dip”, and “1000 K IBA + 500 K NAA basal quick-dip” treatments)
prior to placement in plug trays and insertion of cuttings.

z

y

Fifteen cuttings per treatment.
Least squares means calculated using rooted cuttings only.

x

Nonsigniﬁcant (NS) or signiﬁcant linear (L) or quadratic (Q) regression response by auxin formulation at
P ≤ 0.10 (*), 0.01 (**), or 0.001 (***). Untreated cuttings were included in each regression analysis.

w

v

Percentages and means for untreated cuttings or cuttings treated with K IBA followed by “a” or “A”
within a column and auxin formulation are signiﬁcantly less or greater, respectively, than for the K IBA
basal quick-dip treatment according to single degree-of-freedom orthogonal contrasts for percentages
and Dunnett’s Test for all other variables (α=0.10).
Percentages and means for untreated cuttings or cuttings treated with K IBA + K NAA followed by “B”
within a column and auxin formulation are signiﬁcantly greater than the mean for the K IBA + K NAA
basal quick-dip treatment according to single degree-of-freedom orthogonal contrasts for percentages
and Dunnett’s Test for all other variables (α=0.10).
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Alternative Production of Atlantic White Cedar
and Other Native Plants for Wetlands
and Stream Restoration in North Carolina
Andrew C. Bell, Mary M. Peet, and L. Eric Hinesley
Department of Horticultural Science,
NC State University, Raleigh, NC 27695-7609
andrew_bell@ncsu.edu, mary_peet@ncsu.edu
Index words: Chameacyparis thyoides, seed germination, subirrigation, ﬂoat
system, wetland restoration
Signiﬁcance to the industry: Production of plant material utilizing subirrigation
reduces environmental impact and can lower production costs. The market
for native species for environmental restoration has been growing over recent
years in the southeastern U.S. Cost effective production of Atlantic white cedar
and other native species for restoration projects can provide valuable additional
income to nurseries and other commodity growers who have experienced
declining revenues.
Nature of Work: Atlantic white cedar [Chamaecyparis thyoides (L.) B.S.P.] is
native to fresh water swamps and bogs in a narrow band along the eastern
coast of the United States (1). As a result of extensive harvesting of white cedar
wood and draining of wetlands for agricultural use, populations of white cedar
have been signiﬁcantly depleted. In North Carolina, native stands have been
reduced by 95% and re-establishing white cedar ecosystems and wetlands has
become a priority (2). One challenge to re-establishing white cedar populations
and completing other wetland and stream restoration projects is the availability
of planting material.
Many native species that are needed for environmental restoration can be grown
in containers with overhead or drip irrigation, typical of ornamentals grown for
the landscape industry. Subirrigation, however, has received more attention
over the last decade because it reduces many irrigation-related costs including a
reduction in use of water, fertilizer, and pesticides (3). This system also protects
local water sources by eliminating nursery and greenhouse irrigation runoff. The
ﬂoatation system (subirrigation) utilized in the production of tobacco transplants
in greenhouses is similar to that utilized by some native plant nurseries to
produce wetland and riparian species. While some subirrigation systems can
have high initial costs, the system utilized by tobacco growers does not require
expensive pumps or water treatment equipment. Concerns about water-borne
pathogens in subirrigation systems thus far have not been an issue in the
production of wetland plants.
Atlantic white-cedar can be propagated by stem cuttings; however, this method
tends to be labor intensive and costly (2). Successful production of white-cedar
from seed would increase genetic diversity while potentially lowering production
costs. Our project goals are to identify alternative crops for tobacco growers
and cost efﬁcient production techniques that can be utilized by current nursery
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and greenhouse operations. The focus of the study reported here was to
compare germination rates of Atlantic white-cedar under mist to two other more
cost efﬁcient means utilizing subirrigation.
The study was conducted in a Williamson Tobacco Greenhouse at the
Horticultural Field Laboratory (HFL) at NC State University in Raleigh, NC.
The study was set up as a randomized complete block experimental design
with eight replications and three treatments. The treatments included: a ﬂoat
tray (ﬂoat), a Ropak tray with overhead mist (mist), and a Ropak ﬂooded with
2 inches of water (ﬂooded). Eight individual ﬂoat beds were constructed from
2x6 lumber boards on the greenhouse ﬂoor. Each bed was divided into three
compartments to serve as the treatments. A plastic liner was placed in two
of the three beds for each replication to hold water for the ﬂoat and ﬂooded
treatments. Individual mist nozzles were placed in the remaining beds that were
secured with sidewalls to prevent misting of adjacent treatments. Three seeds
per cell were sown in two types of containers, a 72-celled ﬂoat tray (Speedling
EPS ﬂat, Speedling Inc., Sun City, FL) and 45-celled Ropak Multi-Pots tray
(Stuewe and Sons, Inc., Corvallis, OR). Seeds were sown on Carolina Choice
Germination and Plug Mix (Carolina Soil Co., Kinston, NC) in August 2003.
The ﬂoat and ﬂooded treatments were placed in beds with two inches of
water. Mist treatment trays were placed in beds and provided mist once
every hour from 8:00AM to 8:00PM. The mist system and water level in the
ﬂoat and ﬂooded beds were checked daily. At eight weeks, germination rates
were recorded. All data was analyzed using PROC GLM and least squares
comparison of means.
Results and Discussion: Few differences between and among treatments
were observed. The number of cells occupied by at least one seedling at eight
weeks was signiﬁcantly higher with the ﬂoat treatment compared to the mist.
The ﬂooded treatment did not differ signiﬁcantly from either the mist or ﬂoat
treatment. Based on these results, the low-cost ﬂoatation system utilized by
tobacco growers provides an effective system for the production of Atlantic
white cedar from seed. However results from this study need to be veriﬁed with
other planting dates and seedlots.
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Table 1. Atlantic white cedar germination with different watering systems.

no.

Cells
occupied
(%)

Flood Tray

8

Ropak ﬂooded
Ropak + mist

Tmtz

Seedlings per cell
zero

one

two

three

81.2 a

31.8 a

22.9

26.6

18.8

7

70.8 ab

32.1 ab

23.2

15.5

29.2

7

61.9 b

33.9 b

16.1

11.9

38.1

tmt

*

*

NS

NS

NS

R2

0.69

0.69

--

--

--

NS, *, ** Non-signiﬁcant or signiﬁcant at P≤ 0.05 or 0.01, respectively.
Speedling ESP ﬂat No. 72-3A and Ropak multi-pot No. 6-45.
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In Vitro Regeneration of Cornus kousa
Denita Hadziabdic, Robert N. Trigiano,
Stephen Garton, and Mark T. Windham
University of Tennessee, Dept. of Entomology
and Plant Pathology, Knoxville, TN 37996-4560
Index Words: Cornus kousa, cultivars, plant growth regulators, rooting,
tissue culture
Signiﬁcance to Industry: Selection of superior individuals followed by clonal
vegetative propagation is a very important strategy for plant improvement.
Cloning via tissue culture can produce a population of the same identical
genotype without limits. Because of that, C. kousa ‘Samaritan’, ‘Heart Throb’,
and ‘Rosabella’ were selected for their elite, unique and above all, superior
performance in horticultural trials, disease resistance and drought tolerance,
all of which are highly important for the green industry. This preliminary study
presented protocols and established methods for C. kousa in vitro regeneration,
providing new approach to mass production of this valuable ornamental tree for
the southeast region of the United States.
Nature of Work: Cultivars of Cornus species are propagated using various
methods including budding, grafting and rooted cuttings, but never by seeds.
Seeds have various dormancy conditions, and require either fall planting or
a stratiﬁcation period of approximately four months at 3-4°C. Germination,
especially of stored seed, can be very slow often taking 18 months or more.
However, germination rates are enhanced if the seeds are gathered as soon
as the fruit starts to color (1). Normally, C. kousa cultivars are propagated by
budding in a similar fashion to C. ﬂorida. Cornus kousa can also be propagated
by rooted cuttings, although these trees are typically not as vigorous as
seedlings (1). The objective of this study was to develop tissue culture systems
for clonal propagation of C. kousa to provide faster and more efﬁcient methods
for Kousa dogwood commercial propagation.
Cornus kousa cultures were established from axillary and apical buds from the
following ﬁve cultivars: ‘Little Beauty’, ‘Samaritan’, ‘Heart Throb’, ‘Rosabella’
and ‘Christian Prince’. Nodes were surface disinfected by soaking in 20%
v/v commercial bleach solution (Clorox) amended with 0.1%Triton X-100
with constant stirring for eight to ten minutes. Explants were rinsed three
times with sterile distilled water. After surface sterilization procedures, 2 mm
of the cut ends were removed, and the explants placed on culture media
contained in sterile polystyrene, disposable 60x20mm petri dishes. The two
basal media, supplemented with 8 g/L agar, employed in the study were
Woody Plant Medium (WPM) (2) and 1⁄2 Woody Plant Medium/Broad Leaved
Tree Medium (1⁄2 WPM/ BTM) (3), amended with the following concentrations
of 6–benzylaminopurine (BA): 0, 2, 4, or 8 µM. Cultures were maintained in
incubators at 23°C under 25 µmol.m-2.sec-1 light intensity for 16/8 light-dark
photoperiod. Explants were then transferred at four-week intervals for 28 weeks
beginning in April.
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Four week old, one-half inch microshoots from cultures of ‘Samaritan’,
‘HeartThrob’ and ‘Rosabella’, were harvested from proliferating cultures and
placed on either WPM or 1⁄2 WPM/BTM basal media supplemented with rootpromoting growth regulators and 7g/L of agar in 17x100 mm plastic, disposable
culture tubes with plastic snap-on caps. Basal media were amended with either
1- naphthaleneacetic acid (NAA), indole-3-butyric acid (IBA), or indole-3-acetic
acid (IAA) at the following concentrations: 0, 0.5, 1.5, 4.5 and 13.5 µM. ‘Little
Beauty’ and ‘Christian Prince’ did not perform well in multiplication phase of
tissue culture and were excluded from further studies. Plant growth regulators
were ﬁlter-sterilized using a 0.22 µm syringe ﬁlter and added after the media had
cooled, but not hardened. The experimental design was a randomized complete
block consisting of 15 treatments with three replications. The experimental unit
consisted of one microshoot per culture tube. Proliferating masses were placed
on fresh medium with 2µM BA and were used again for the rooting projects.
Results and Discussion: After six weeks, data was collected from the ﬁrst
rooting project consisting of 15 treatments representing one rep and a total of
three reps per each cultivar grown on two different media. Preliminary results
showed that a total of nine plants rooted on both WPM and 1⁄2 WPM/BTM
media supplemented with IBA, 17 plants rooted on media supplemented with
NAA, and 14 plants rooted plants supplemented with IAA (Table 1). Our results
indicated that NAA and IAA appeared to be better for root production on C.
kousa cultivars microshoots than IBA. Moreover, both WPM and 1⁄2 WPM/BTM
media supported rooting of microshoots. However, WPM appears to support
more root production, compared to 1⁄2 WPM/BTM. A greater number of
’Samaritan’ and ‘Heart Throb’ microshoots rooted on WPM amended with wide
range of NAA concentrations, whereas more ‘Rosabella’ microshoots rooted on
1⁄2 WMP/BTM medium amended with various concentrations of IAA.
‘Rosabella’ and ‘Heart Throb’ are very closely related (4) and should have rooted
with similar treatments. Additional trials are necessary to conﬁrm this ﬁnding.
Interestingly, microshoots placed on either basal media supplemented with NAA
produced a signiﬁcant amount of callus compared to microshoots exposed to
other growth regulator treatments. Overall, the most and best rooting occurred
with IBA treatments at lower concentrations, 0.5 and 1.5 µM, whereas NAA and
IAA treatments were inconclusive.
After six weeks on rooting medium, whole plants were washed with tap water to
remove agar and placed in Jiffy peat pellets (Jiffy products (N.B) Ltd. Shippagan,
Canada). Peat pallets with entire plants were then placed in Magenta GA-7
vessels for acclimatization. The lids of the boxes were cracked open over a fourweek period gradually adapting plants to non-sterile, ambient environment.
Literature Cited:
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Propagation. 7th ed. Pearson Education, Inc., Upper Saddle River, New
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Table 1. Effects of IBA, NAA and IAA on root formation from in vitro Cornus
kousa microshoots.
C. kousa

Medium

IBA (µM)

NAA (µM)

IAA (µM)

0.5

1.5

4.5

13.5

0.5

1.5

4.5

13.5

0.5

1.5

4.5

13.5

WPM

+

+

-

-

+

+

+

+

+

-

+

-

1/2
WPM/
BTM

-

+

-

+

-

-

+

-

-

-

+

+

WPM

-

-

-

-

-

+

+

+

-

-

-

-

1/2
WPM/
BTM

+

-

-

-

-

-

+

-

-

-

-

+

Rosabella

WPM

+

+

-

-

-

+

-

+

+

-

+

-

Rosabella

1/2
WPM/
BTM

-

+

-

-

-

-

-

-

+

+

+

+

Samaritan

Samaritan

Heart
Throb

Heart
Throb

+ Rooted microshoots; - Rooting did not occur
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Potential Micropropagation Techniques for Astilbe
B.W. Trader, H.L. Scoggins, and R.E. Veilleux
Department of Horticulture, Virginia Tech, Blacksburg, VA 24060
btrader@vt.edu
Index words: Astilbe, Perennials, Micropropagation, Tissue Culture
Signiﬁcance to Industry: Astilbe is an increasingly popular genus of
herbaceous perennials in the nursery and landscape industry, consistently
ranking among the top ﬁve perennials by the Perennial Plant Association. Some
species such as the native Astilbe biternata, are slow to develop to dividable
size. Propagation by seed is also slow and extremely variable. These species or
cultivars with slow reproduction could be made readily available to the industry
through micropropagation. To develop a protocol for Astilbe micropropagation,
we evaluated different surface sterilization techniques, different sources of
explant material, and various medium supplements.
Nature of Work: Three different sterilization procedures were evaluated for
elimination of contaminants from rhizome explants. Two of the procedures
were derived from a sterilization protocol for Aruncus, used at the University
of Georgia. The ﬁrst of these procedures (ethanol treatment) involved a
antibacterial soap rinse for 10 min, rinse in tap water for one h, rinse in 70%
ethanol for 1 min, transfer to 20% bleach solution with two drops of adjuvant
Tween 20 (Fischer-Biotech, Fischer Scientiﬁc, N.J.) for 15 min followed by
4 rinses in sterile water for 10 min each. The second of the procedures (rinse
treatment) was similar to the ﬁrst except no ethanol rinse was used and the
rinse in 20% bleach solution was for 20 min rather than 15. The third surface
sterilization procedure (bleach treatment) involved a 1 h tap water rinse, two
rinses in 10% bleach solution with adjuvant Tween 20 for 30 min each, and two
rinses in 1% bleach solution with adjuvant Tween 20 for 30 min each. At the end
of each bleach rinse for all sterilization procedures, necrotic tissue was removed
under sterile conditions. After each of the three sterilization procedures,
some of the explants were dipped in Plant Preservative Mixture (PPM) (Plant
Cell Technology, Washington D.C) to help eliminate any residual microbial
contamination. The surface sterilization procedure with the lowest contamination
was selected for use in sterilization of remaining explant material.
Explants for in vitro culture of several organs, including rhizomes, leaf rachises,
leaf blades, and stem tissue of young greenhouse-grown A. chinensis var.
taquetti hybrids were surface sterilized using the rinse treatment and placed on
Woody Plant Media (WPM) (2) supplemented with 30 g·l-1 sucrose, 100 mg·l-1
myo-inositol, 7 g·l-1phytagar, 0.186 mg·l-1or 0.0465 mg·l-1 of naphthaleneacetic
acid (NAA) and either kinetin 2.125 mg·l-1, benzyladenine (BA) 2.252 mg·l-1, or
2-isopentenyl adenine (2iP) 2.033 mg·l-1 in a factorial design. Immature buds
were disinfected using the rinse treatment and placed on WPM amended with
2.0 mg·l-1 2,4-D.
Developing fruit of A. biternata were surface sterilized with 70% ethanol for
15 sec, a 25% bleach rinse with adjuvant Tween 20 for ﬁve min, then 2 rinses in
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sterile water for 10 min each, immature embryos were extracted from the fruit
under sterile conditions and placed on Murashige-Skoog (MS) Basal Medium
(3) with vitamins amended with 50 g·l-1 sucrose, 100 mg·l-1 myo-inositol, and
6 g·l-1 phytagar.
Seeds of A. x arendsii and A. biternata were surface sterilized with either
2% bleach or 50% PPM for 15 min, then placed on MS basal medium and
transferred to growth chamber for evaluation.
Unsterilized seeds of A. x arendsii and A. biternata were germinated on sterile
germination paper. Germinated seedlings were dipped in PPM for 30 sec and
transferred to WPM media with 2,4-D, NAA and Kinetin, or NAA and BA. The
WPM media was also supplemented with the antibiotic cefotaxime at 250 mg.l-1.
Resulting plants were subcultured every 2 weeks and kept in growth chamber
(16 h photoperiod, 25ºC).
Results and Discussion: Bacterial and fungal contamination of rhizomes, leaf
rachises, leaf blades, immature ﬂower buds, and stem tissue ranged from 0 to
99% depending upon the explant and method of surface sterilization (Table 1).
There was not a signiﬁcant effect of growth regulator amendments to the media
on callus production. Callus proliferation occurred on only a few explants where
it initiated slowly and senesced. Because few explant cultures of leaf and
stem tissue became contaminated, and there were low levels of callus growth
(Table 1), it is likely that leaf and stem tissue is not regenerative. We were unable
to eliminate microbial contaminants from rhizomes and immature ﬂower buds
without sacriﬁcing explant viability; either the explants were contaminated or did
not grow.
Immature embryos extracted from fruit of A. biternata, turned from a creamy
white in color to a light brown when placed on the media. There was no
contamination of the embryo explants, however neither shoots nor callus
were initiated. It is likely that the embryos were oxidized when taken out of the
protective fruit capsule and subjected to the air. This oxidative browning has
been documented as a problem with other plants such as Strelitzia reginae or
bird of paradise in in vitro culture (1)
Surface sterilized seeds of A. x arendsii and A. biternata did not germinate or
become contaminated when surface sterilized with 2% bleach. Seeds treated
with PPM had greater than 35% contamination, with germinated seedlings
becoming contaminated. Retaining viability of seeds while at the same time
eliminating contaminants may be possible with a stronger or longer PPM rinse,
or possibly a weaker bleach treatment.
Germinated seedlings of A x arendsii and A. biternata surface sterilized with
50% PPM responded differently to the sterilization treatment. Contamination
of A. biternata was greater than 95% while contamination of A. x arendsii was
less than 15%. Seedlings placed on media with NAA and kinetin had greater
shoot proliferation than those placed on media supplemented with NAA and
BA. Cultures with 2,4-D produced callus growth only. Subcultures were grown
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on media with NAA and kinetin and many clones were derived from single
seedlings (Fig 1).
From our results it is likely that leaf and stem tissue are not regenerative and
are not useful as explant material. Finding an optimal sterilization technique for
rhizomes and immature ﬂower buds without sacriﬁcing explant viability would
facilitate a clonal method of micropropagation. Germinated seedlings, however,
did give rise to many shoots per seedling, and may be a good explant source.
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Table 1. Results of in vitro cultures taken from explants of Astilbe chinensis var.
taquetti hybrids.
Explant Source

Sterilization

Medium

Callus/Shoots

Contamination

Rhizomes/crowns

Rinse Method

WPM

None

99% except PPM

Leaf rachis, blade
and stem tissue

Rinse Method

WPM

None

< 20%

Floral stalk

Rinse Method

WPM

None

> 50%

Immature buds

Rinse Method

WPM

Some Callus

100%

Figure 1. Proliferation of shoots from a single Astilbe chinensis var. taquetti
seedling subcultured and divided after 8 weeks.
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Flowering and Growth Responses of Echinacea paradoxa
and E. purpurea to Cyclic Light Treatments
A. Naseer Aziz, Deborah Long and Roger J. Sauve
Institute of Agricultural and Environmental Research,
Tennessee State University
3500 J. A. Merritt Blvd., Nashville, TN 37209-1561
Index Words: Coneﬂower, Echinacea, ﬂowering, photoperiodic ﬂower induction,
cyclic lighting treatment.
Signiﬁcance to Industry: Protocols that increase ﬂowering and growth of
coneﬂowers are needed for both the cut ﬂower and perennial plant industries. This
study shows that ﬂower induction can be accelerated by the exposure to highpressure sodium along with incandescent lamps. This information is of importance
to perennial plant growers to develop cultural practices that promote ﬂowering for
early spring sales of plants ready to produce ﬂowers and to plant breeders desiring
to induce ﬂowers for winter breeding.
Nature of Work: Coneﬂowers (Echinacea spp.) are important herbaceous
perennials to the ornamental and medical herb industries (1,3). In recent years,
Echinacea species have gained more attention worldwide as a medicinal plant due
to the non-speciﬁc immuno-stimulatory bioactivities found in their extracts. The
bold mid-summer blooming E. purpurea ‘Magnus’ with its carmine, non-drooping
ﬂowers, was named the Perennial Plant-of-the-Year for 1998 by the Perennial Plant
Association (Hilliard, Ohio) because of its suitability for a wide range of climate
types, low maintenance needs, ease of propagation and for having multiple season
interest. In recent years, with the development of new ﬂower forms and color,
interest in coneﬂowers has increased steadily. These plants are also important to
the cut ﬂower industry because they combine high ﬂower yield with long stems
without major pest or post-harvest problems (9).
The development of cultural practices that would promote ﬂowering and growth
would beneﬁt the cut-ﬂower industry worldwide (11). Induction of ﬂowering by the
application of cooler temperatures and photoperiodic treatments has been reported
in many species (6,7). Photoperiod and daily light interval (moles of light particles
per m2 per day) also affect the vegetative growth (10) of plants in the greenhouses.
In this study the effects of photoperiodic combined with cyclic night interruption
on ﬂowering and vegetative growth on two species of coneﬂowers, i.e. E. paradoxa
and E. purpurea ‘Ruby Star’, were investigated.
Vernalized liners obtained from Green Leaf Perennials (Yoder Brothers, Inc.,
Lancaster, PA) were planted with Fafard #2® (Conrad Fafard, Inc., Agawam, MA) in
6-inch diameter containers (3 quarts). Plants were placed in a triangular spacing
(12 x 12 x 12 in.) on each of two greenhouse benches. Plants were fertilized weekly
with 300 ppm of 15-30-15 Miracle-Gro® soluble fertilizer (Scotts Miracle-Gro
Products, Inc. Port Washington, NY). After planting and before the initiation of the
experiment, all plants were maintained in a greenhouse under natural light 28±3C
day/6±3C night for 30 days. Plants were watered as needed to maintain vigorous
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growth. Photoperiodic induction and cyclic night interruption followed Runkle et
al’s (8) protocol. The photoperiod for these plants was extended to nine hours
(0800 to 1700) with the help of high-pressure sodium lamps (150 watts) providing
50 µmol m-2 s-1 supplemental light. The middle of 15 hour dark period was
interrupted with incandescent lamps (85 watts) providing 10 µmol m-2 s-1 for four
hours duration with 6/24 cyclic lightening (six min on and 24 min off for four hours).
Results and Discussion: Supplementing the nine hour photoperiod with highpressure sodium lamps and interrupting the dark period with incandescent lamps
induced ﬂowering in some plants of both species (Figure 1). Plants that were
not treated with high-pressure sodium combined with incandescent lamps did
not produce ﬂowers. Echinacea paradoxa began to ﬂower after 10 weeks (from
Oct. to Dec., 2003) of light treatment and E. purpurea began to ﬂower after seven
weeks (from Jan. to Mar., 2004) of light treatment. Although E. purpurea ﬂowers
optimally under 13-16 hour photoperiod (4,8), Runkle et al’s (8) protocol resulted
in ﬂower production even under nine hours photoperiod. However, only the plants
that were growing vigorously before the initiation of the light treatment produced
ﬂowers. Similar results have been previously reported (4,5). Echinacea purpurea is
reported to be a dual induction short-long-day plant which initiates ﬂowering only
after bolting (stem elongation) has begun (4). Coneﬂowers receiving supplemental
high-pressure sodium coupled with incandescent lamps treatment grew more
vigorously than those that did not receive this treatment (Table 1). The estimated
daily light integral (DLI) regimes for the E. paradoxa (from Oct. to Dec., 2003) and
E. purpurea var. ‘Ruby Star’ (from Jan. to Mar., 2004) were 10-20 mol m-2 day-1 and
20-40 mol m-2 day-1, respectively (2). The 50 µmol m-2 s-1 light from high-pressure
sodium (Phillips) lamps for nine hours provided 1.62 mol m-2 day-1 supplemental
DLI to the Echinacea plants in this study. Enhance ﬂowering and growth response
by increasing DLI have also been reported by Warner and Erwin (10). Photoperiod
extension and night interruption has been reported to increase stem length and
induced ﬂowering in E. purpurea (8).
Acknowledgements: Authors wish to thank Ms. Sarabjit Bhatti for her assistance
in maintaining the greenhouse plants. This project was funded by USDA/CREES
Evan Allen Grant and Capacity Building Grant # 2002-38814-12722.
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Figure 1. Flowering in E. paradoxa (A) and E. purpurea var. ‘Ruby Star’ (B) after 10
and 7 weeks of light treatment, respectively.
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Table 1. Comparative growth (averaged in scale 1 to 10) of E. paradoxa (from Oct.
to Dec., 2003) and E. purpurea var. ‘Ruby Star’ (from Jan. to Mar., 2004) with and
without treatment with high-pressure sodium and incandescent lamps.
E. paradoxa

E. purpurea var. ‘Ruby Star’

Control

Light-Treated

Control

Light-Treated

4.4±2

6.2±2

3.1±1

5.0±2

± standard error
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In Vitro Culture of Phlox paniculata L. and Monarda didyma
S. M. Bhatti* and R. Sauve
Institute of Agricultural and Environmental
Research, Tennessee State University,
3500 John A. Merritt Blvd., Nashville, TN 37209-1561
Index words: organogenesis, callus, genetic engineering, embryogenesis
Signiﬁcance to industry: Phlox paniculata L., commonly known as phlox, is a
popular summer perennial in the U.S. The large, fragrant Hydrangea-like ﬂower
clusters create a spectacular show in the summer perennial garden border.
Monarda didyma, commonly known as bee balm, belongs to the mint family. It
is an erect aromatic herb that is widely distributed throughout North America.
Several of the species in this genus have been utilized as ornamental plants
and for medicinal purposes. Unfortunately, both genera are highly susceptible
to powdery mildew (4) caused by Erysiphe cichoracearum. Stems, leaves and
inﬂorescence can be affected. While powdery mildew does not typically kill its
host, the pathogen causes defoliation and decline in health and vigor and makes
plants unsightly (3).
The development of resistant cultivars will reduce production costs and increase
landscape uses. Genetic engineering offers the possibility of introducing new
traits such as disease resistance into current commercial cultivars. The ability
to regenerate whole plants from somatic tissues such as leaves, hypocotyls,
or stems is a prerequisite to any genetic manipulation. Very little work has
been done on regenerating bee-balms, though Declerck et al (1) reported shoot
formation from two phlox cultivars.
Nature of work: The objective of our current study is to develop selections of
bee-balm and garden phlox that have high resistance to powdery mildew. The
ﬁrst step towards this goal is to develop an efﬁcient shoot regeneration system
from explants via shoot organogenesis or somatic embryogenesis. Phlox
cultivars ‘Blue Boy’, ‘David’, and ‘Franz Schubert’ and Monarda cultivars ‘Prairie
Night’, ‘Snow White’, ‘Blue Stocking’, ‘May Night’, and ‘Marshall’s Delight’
were used as the source of explants. Two-inch sections of new growth were
harvested from green-house grown plants. Prior to culture, all sections were
surface-sterilized in a 3% solution of sodium hypochlorite for 8 minutes and
rinsed approximately ﬁve times with sterile distilled water. Leaves, stems, leaf
nodes and shoot-tips were excised aseptically and plated on B-5 medium (2)
supplemented with 2% sucrose, growth regulators and solidiﬁed with 0.8% agar.
The growth regulators used were: Naphthalene Acetic Acid (NAA) ranging from
0.1 mg/L to 0.5 mg/L and Benzyl Amino Purine (BAP) ranging from 1 mg/L to 5
mg/L. Cultures were maintained in a growth chamber at 260C under cool white
ﬂuorescent lights (16/8hr photo-period.) Daily observations were made to check
for contamination and weekly observations to record callus growth and shoot
formation. The percentage of plants with shoots/roots was recorded after ﬁve
weeks of incubation.
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Results and Discussion: Comparative studies were done with three cultivars
of Phlox and ﬁve cultivars of Monarda. There were genotypic differences in
response to treatments in cultivars of both genera. Within three weeks of culture,
shoots formed from leaf segments.
Table 1 shows the frequency of shoot formation from leaf explants of phlox
cultivars. ‘Franz Schubert’ developed shoots from leaf explants on a medium
that contained 0.1 mg/L NAA and 1 mg/L (22% frequency) or 5 mg/L (32%
frequency) BAP. ‘Blue Boy” exhibited shoot formation in 21% of the cultures
on media containing 0.1 mg/L NAA and 5 mg/L BAP. When the concentration
of NAA was increased to 0.5 mg/L, adventitious roots appeared on the explant
cultures along with callus formation
Table 2 shows the frequency of shoot formation from Monarda cultivars. The
highest frequency of shoots was achieved from leaf explants of ‘Marshall’s
Delight’. The frequency ranged from 46% to 90%. Highly embryogenic calli
were observed on B5 medium containing 0.1 mg/L NAA with either 1 or 5
mg/L BAP. No regeneration was observed from ‘Blue Stocking’ or from ‘Snow
White’, though some callus formations occurred. ‘May Night’ and ‘Prairie Night’
regenerated adventitious roots in addition to callus formation.
Leaf explants from ‘Franz Schubert’ and ‘Marshall’s Delight’ were amenable to in
vitro regeneration. These cultivars will be used for genetic manipulation studies.
Further studies are currently under investigation to determine the optimum
levels of growth regulators for cultivars that have shown to be recalcitrant to
regeneration. Transformation studies will be carried out using cultivars that have
shown a higher frequency of regeneration.
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Table 1. Frequency of Shoot Formation from Leaf explants of three Phlox
Cultivars after ﬁve weeks in Culture
Growth regulators in B5 medium (mg/L)
Cultivars

0.1 NAA

0.1 NAA

0.5 NAA

0.5 NAA

1.0 BAP

5.0 BAP

1.0 BAP

5.0 BAP

Blue Boy

0

21%

0

0

David

0

0

0

0

22%

32%

0

0

Franz Schubert

Table 2. Frequency of Shoot Formation from Leaf explants of ﬁve Monarda
Cultivars after ﬁve weeks in Culture
Growth regulators in B5 medium (mg/L)
Cultivars

0.1 NAA

0.1 NAA

0.5 NAA

0.5 NAA

1.0 BAP

5.0 BAP

1.0 BAP

5.0 BAP

0

0

0

0

62%

75%

46%

90%

May Night

0

0

0

0

Prairie Night

0

0

0

0

Snow White

0

0

0

0

Blue Stocking
Marshall’s Delight
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