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Significance to Industry: Cutting propagation is an important tool for clonal nursery
propagation. Currently there is a significant number of woody perennial species
(especially trees) that cannot be rooted from cuttings. Adventitious rooting is a complex
process that is affected by many factors including hormone levels, light, rooting
cofactors, and plant maturation (Hartmann et al., 2002). However, the two major factors
determining root initiation is auxin availability and the plant’s ability to respond to auxin.
Although researchers have spent decades trying to understand the basic physiology
behind adventitious root formation, we still know very little about the genes controlling
this process. It has become increasingly clear that the next significant improvement for
rooting cuttings from recalcitrant species will not be discovered until we have a better
understanding of the molecular mechanisms controlling rooting and maturation-related
loss in rooting potential.
Nature of Work: The ideal model system for studying adventitious rooting in a woody
perennial should involve a system that utilizes several important criteria. The system
should employ a small tissue sample for rooting to reduce the number of nonparticipating cells; it should be auxin-responsive and fail to root unless auxin was
provided; there should be a clear sequence of defined anatomical events leading to
rooting; clones or mutants should be available that vary in their rooting potential; the
genome should be sequenced; a protocol should be available for genetic
transformation; and the plant should experience reduced rooting potential as it matures.
Several woody perennial systems have been developed in the past including pine
(Brinker et al., 2004), apple (Welander, et al. 2007) and English ivy (Geneve et al.,
1988). However, each of these systems falls short for several of these ideal criteria. It is
our contention that poplar could meet all of these criteria if a suitable rooting system
could be developed. Therefore, the objective of this project is to develop a protocol that
would be suitable for studying anatomical, physiological and molecular aspects of
adventitious rooting utilizing easy-to-root and difficult-to-root poplar hybrid clones.
Plant material and culture conditions: In vitro cultures of hybrid poplars (P. tremula x P.
tremuloides and P. canescens x P. gradidentata) were maintained and subcultured on
woody plant medium (WPM) containing charcoal and supplemented with 1 M
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benzylaminopurine (Yu et al., 2001). These served as the explant source for the rooting
assays. Plants were cultured under a 16/8 hour photoperiod provided by cool white
fluorescent lamps (PAR 45 mol·sec-1·m-2) at 25oC.
Rooting assay: Internode explants were prepared by cutting stem sections to 0.5 cm in
length then placing them horizontally in 9-cm Petri dishes with 25 ml sterile one-half
strength MS media (Murashige and Skoog, 1962) supplemented with 30g/l sucrose, 7
g/l agar and 100 μM indole-3-butyric acid (IBA). The cuttings were treated for 1 to 3
days in the light or dark prior to being moved to one-half strength basal MS medium.
The number of roots per cutting was documented after 14 days on the basal medium.
Developmental stages of rooting: Anatomical changes were observed during rooting
after fixation in formalin acetic-acid (FAA). Explants were treated with 100 M IBA for
one day prior to moving to basal medium. The easy-to-root clone was collected on day
5 and day 8. The hard-to-root clone was collected on day 8 and 16. After fixation,
samples were dehydrated using a tertiary-butanol series then imbedded in paraffin.
Serial 14-μm sections were cut using a rotary microtome before being stained using
safranin and fast green (Johansen 1940).
Results and Discussion: Internode explants failed to root without auxin regardless of
the clone or rooting environment (Table 1). Preliminary research showed that explants
rooted poorly when cultured continuously on an auxin medium, but responded well to
brief exposure to auxin (data not shown). There was a clear difference in adventitious
rooting potential between the two clones. In all treatments and environments, P.
canescens x P. gradidentata consistently rooted at a higher percentage and produced
more roots per cutting compared to P. tremula x P. tremuloides. (Table 1). Altering the
auxin dose and duration did not improve rooting in the difficult-to-root clone (data not
shown). Explants from the easy-to-root clone rooted better in the light environment with
auxin durations of one and two days (Table 1). Explants from both clones failed to root
without auxin application.
Anatomical studies suggested that the pattern of root formation differed between the
easy and difficult-to-root clones. Explants from P. canescens x P. gradidentata rooted
quickly with root initials evident after eight days (Figure 1 A-C), while explants from P.
tremula x P. tremuloides either failed to root or produced root initials that were evident
after 16 days in culture (Figure 1 D-F). The easy-to-root clone appeared to root directly
from the phloem parenchyma region, while root initials of the hard to root clone were
observed to organize farther from the xylem than those of the easy to root clone (Fig. 1
C, F).
Poplar seems to be an excellent choice for studying adventitious rooting as it meets all
the criteria for the ideal model system. It can be grown in vitro, is amenable to
biotechnology (Confalonieri et al., 2003) and it has a sequenced genome. The current
research demonstrates that a suitable rooting system could be created using poplar
clones that employed small explants that were responsive to auxin for rooting. Similar to
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studies done with apple (Welander et al., 2007) explants were found to respond better
to auxin when it was only applied for a brief period. However, exposure length and
concentration were found to be different in poplar compared to apple leaf discs. The
poplar rooting system also affords a comparison between explants that were easy or
difficult-to-root. The importance of having access to explants that differ in rooting
potential has been well documented (Hartmann et al., 2002).
Anatomical studies are essential for determining the sequence of events leading to root
formation and whether there is a different pattern of root initiation for easy and difficultto-root explants. It appears that the extended period required for rooting in the difficultto-root poplar clone indicates that it may be rooting following an indirect pattern. This
rooting pattern has been found in other woody species such as English ivy and ficus
(Geneve et al., 1988 and Davies, Jr. et al., 1982). The poplar rooting protocol created in
this study will allow for an in depth comparison of non-rooting (basal medium), direct
rooting, and indirect rooting at the physiological and molecular levels.
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semi-automated micropropagation. Propagation Ornamental Plants 7:103-11.
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Table 1. Adventitious root formation in easy and difficult-to-root poplar internode
explants treated with 100 M IBA for 1 to 3 days in the light or dark before being moved
to basal MS medium in the light.
Poplar clone

Treatment
duration

Environme
nt

Rooting
percenta
ge

Roots per
cutting

Populus canescens
x P. gradidentata

1 day

Dark

50

0.8 cz

1 day

Light

80

3.1 a

2 day

Light

80

3.30a

3 day

Light

70

2.0 b

1 day

Dark

0

0

1 day

Light

20

0.4 d

2 day

Light

0

0

3 day

Light

10

0.2 d

Populus tremuloides
x P. tremula

z

means followed by the same letter were not significantly different at the 5% level by
Tukey’s HSD test.

Propagation Section

296

SNA Research Conference Vol. 55 2010

Figure 1. Adventitious root formation in poplar internode explants. A-C is Populus
canescens x P. gradidentata; D-F is Populus tremuloides x P. tremula. A and D are day
0, reference bar is 200 microns. B and E are day 5 and 8, respectively. Reference bar is
100 microns. C and F are 8 and 16 days, respectively. Reference bar is 50 microns. #
indicates phloem parenchyma and RI is root initial.
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Development of an Efficient In Vitro Regeneration System for
Ornamental Ginger (Hedychium spp.)
Hamidou F. Sakhanokho
USDA-ARS, Thad Cochran Southern Horticultural Laboratory
P.O. Box 287, 810 High Way 26 West, Poplarville, MS 39470
Hamidou.Sakhanokho@ars.usda.gov
Index Words: Hedychium, In Vitro Regeneration, Somatic Embryogenesis
Significance to Industry: In vitro regeneration systems are routinely used for
commercial mass propagation of plants or of disease-free planting stocks. In vitro
regeneration can be achieved through two major systems, organogenesis or somatic
embryogenesis. Because plants regenerated via somatic embryogenesis are generally
of single cell origin, the system is often preferred for plant transformation (genetic
engineering) and other in vitro plant manipulations, such as in vitro mutation and
polyploidization (8, 6). The objective of this study was to screen several Hedychium
(ornamental ginger) species and cultivars for their somatic embryogenic potential using
modified versions of regeneration protocols that were developed previously in our
laboratory (3,5).
Nature of Work: The plant material used consisted of 11 species and 9 cultivars of
Hedychium (Table 1). The explants consisted of young leaves taken from lateral or
terminal shoots of mature greenhouse grown plants. These explants were disinfested by
washing under running tap water for five minutes, followed by soaking in 100 ml of 10%
bleach solution to which a drop of Tween 20 was added and agitated for 10 minutes.
After the disinfestation step, the explants were rinsed in four changes of sterile
deionized water and further cut into 1 cm pieces. They were placed in 100 mm x 20 mm
petri dishes containing a callus initiation medium consisting of Murashige and Skoog
[(MS) (2)] macronutrients and micronutrients and B5 vitamins (1) supplemented with
9.05 µM 2,4-D, 0.6 µM TDZ, 8.9 µM BA, 20 g l-1 sucrose, 0.2 g l-1 myo-inositol, 1 g l-1
casein hydrolysate, 1 mg l-1 thiamine, 0.75 g l-1 MgCl2, and 2 g l-1 Gelrite. The Petri
dishes were then placed in an incubator where the temperature was maintained at 22C
with a photoperiod regime of 16 h light (100 µmol m-2s-1) and 8 h dark. After four weeks,
induced callus was transferred to petri dishes containing a fresh medium similar to the
medium described above but without 2,4-D. After two or three more transfers, somatic
embryos were initiated.
Once the embryos were converted to plantlets, they were transferred from the petri
dishes to 75 ml (98.5 mm x 59 mm) culture vessels containing hormone free MS basal
medium supplemented with 20 g l-1 sucrose, 0.75 g l-1 MgCl2, and 2 g l-1 Gelrite. The
plants were kept in a growth room at 22C with a photoperiod of 16 h light (100 µmol m-
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s ) and 8 h dark. Most of the plants transferred to the vessels produced clumps of
rooted multiple shoots. The clumps were divided into separate rooted plants, washed
with tap water gently to remove residual callus and gelling agent , transferred in premoistened Jiffy-7 peat pellets (Jiffy Products, Ltd, Shippagan, Canada), and covered
with clear plastic bags. After three days, holes were punched in the plastic bags to allow
for gradual acclimatization of the plants before transferring them to soil in the
greenhouse after four to six weeks. The pH of all media used was adjusted to 5.8 before
autoclaving for 15 min at 12C.
Results and Discussion: Callus and subsequent somatic embryos were successfully
induced in all Hedychium genotypes tested (Table 1; Fig. 1). Plantlets derived from
somatic embryos were easily acclimated as they were generally well rooted (Fig. 1D)
before transfer to soil. In addition, most of the plants transferred to the Magenta jars
produced clumps of rooted multiple shoots; it was not uncommon to observe a single
plant produce five to six rooted shoots in 6-8 weeks before transfer to soil. This means
that from a petri dish that produces 100 plantlets, a total of 500-600 rooted plants can
be generated for transfer to the greenhouse. Production of mature plants from callus
can be accomplished in 3-4 months, depending on Hedychium genotype. In general the
use of in vitro genetic manipulation for selection and gene transfer of many crops has
been hampered by species- or cultivar-specific regeneration (7). However, all the
Hedychium species and cultivars tested in this study produced mature normal plants,
highlighting the efficiency of the regeneration system used in this study for the
Hedychium genus. This regeneration system can be used for both commercial mass
propagation or for in vitro genetic manipulation for selection and gene transfer of
Hedychium species and cultivars. For example, a modified version (in which a liquid
step was added) of this regeneration system was recently used to induce polyploidy and
develop and select Hedychium clones with improved ornamental traits (4, 6).

Literature Cited
1. Gamborg, O.L., R.A. Miller, and K. Ojima. 1968. Nutrient requirements of
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2. Murashige, T. and F. Skoog. 1962. A revised medium for rapid growth and
bioassays with tobacco tissue culture. Physiol. Plant. 15:473-497.
3. Sakhanokho, H.F., R.Y. Kelley, and K. Rajasekaran. 2008. First report of plant
regeneration via somatic embryogenesis from shoot apex-derived callus of
Hedychium muluense R.M. Smith. J. Crop Improv. 21: 191-200.
4. Sakhanokho, H.F. and C. Pounders. 2009. Use of in vitro techniques to accelerate
the development of improved ornamental cultivars and germplasms. 2009 Liaison
Committee Meeting, Poplarville, Mississippi, August 20, 2009.
5. Sakhanokho, H.F., K. Rajasekaran, and R.Y. Kelley. 2009. Somatic embryogenesis
in Hedychium bousigonianum. HortScience 44: 1487-1490.
6. Sakhanokho, H.F., K. Rajasekaran, R.Y. Kelley, and N. Islam-Faridi. 2009. Induced
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7. Trolinder, N.L. and C. Xhixian. 1989. Genotype specific of the somatic
embryogenesis response in cotton. Plant Cell Rep. 8:133-136.
8. Yang, J.L., E.S. Seong, M.J. Kim, B.K. Ghimire, W.H. Kang, C.Y. Yu, and C.H. Li.
2009. Direct somatic embryogenesis from pericycle cells of broccoli (Brassica
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Fig. 1. Leaf explants from mature greenhouse grown plants were cut into small pieces
(~1cm) and placed in petri dishes (A) containing a callus initiation medium. The
embryogenic callus (B) which formed after two to three months produced somatic
embryos which were later converted to plantlets (C). Rooted plantlets were transferred
to Magenta jars (D) containing MS basal medium supplemented with 20 g l-1 sucrose,
0.75 g l-1 MgCl2, and 2 g l-1 Gelrite for further development. Tissue culture derived plants
growing under greenhouse conditions (E).
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Table 1. Somatic embryogenesis in 11 species and 9 cultivars of Hedychium.
Frequency of explants
with embryo generation
Average number of plantlets
Hedychium species/ cultivar
(%)*
per Petri dish*
100
H. longicornutum
23.9
100
108.9
H. angustifolium
100
115.8
H. coccineum
100
123.8
H. coronarium
100
117.2
H. cylindricum
100
120.8
H. elatum
100
113.0
H. forrestii
100
110.8
H. gardnerianum
100
93.8
H. stenopetalum
100
100.2
H. stenopetalum
100
85.9
H. urophylllum
100
Hedychium ‘Hawaiian Pink’
124.3
100
Hedychium ‘Kewense’
108.2
100
Hedychium ‘Kinkaku’
78.9
100
Hedychium ‘Kin-ogi’
120.3
100
Hedychium ‘Lunar Moth’
121.8
100
Hedychium ‘Moy Giant’
114.6
100
Hedychium ‘Orange Brush’
121.1
100
Hedychium ‘Peach Delight’
98.9
100
Hedychium ‘Pink Flame’
118.3
*The data represent the frequency of somatic embryogenesis and the mean number of
plantlets formed from three independent experiments with 10 replicates (petri dishes)
each for a total of 30 petri dishes.
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Vegetative propagation of bottle brush buckeye (Aesculus parviflora) and Florida
flame azalea (Rhododendron austrinum) by mound layering
Joseph L. Conner, Anthony V. LeBude, Tom G. Ranney, and Jeff Jones
Mountain Horticultural Crops Research and Extension Center
N.C. State University, Dept. of Hort. Science
455 Research Dr., Mills River, NC 28759
joe_conner@ncsu.edu
Index Words: Deciduous Azalea, K-IBA, Timing, Wounding, native plants
Significance to Industry: Stem cutting propagation is the principle method for mass
production of clonally derived plant material, however, vegetative propagation of many
of the deciduous plants native to the Eastern United States has been difficult (1). The
utility of these plants in the landscape on a commercial scale is dependent upon
reliable, productive propagation protocols. Successful propagation of these plants
without expensive overhead would also be significant to many potential growers eager
to enter the ornamentals industry.
Nature of Work: Mound layering is a method of in-field propagation whereby stock
plants are hedged severely and emerging shoots are covered with substrate allowing for
adventitious root formation. Subsequent roots grow into the surrounding substrate and
rooted stems can then be severed from the stock plant. The severe pruning helps to
maintain vegetative, juvenile growth that typically has a higher capacity for adventitious
root formation (3). Covering the shoots also results in etiolation, which can decrease the
light-induced breakdown of endogenous indole acetic acid (IAA) and retard tissue
differentiation, resulting in more parenchyma cells with greater potential for root initiation
and development (2). Wounding, an application of a rooting hormone, or a combination
of both can be used during mounding to increase rooting percentages (4). Mounding is
a viable option for propagating difficult-to-root plants and is utilized extensively with
temperate fruit trees and to a lesser extent with Aesculus species (5, 6). This technique
also lends itself to mechanization in field situations. Upright habit and the ability to
produce many new shoots following pruning are characteristics of plants that might be
successfully propagated by mound layering (3). The objective of this study was to
evaluate the potential of successful propagation of Rhododendron austrinum (Small)
Rehder, Florida flame azalea and Aesculus parviflora Walter, bottlebrush buckeye by
mound layering and to determine the effects of timing of mounding, wounding or the
application of the potassium salt of indole butyric acid (K-IBA) on rooting percentage,
the number of plants produced, and root system quality.
Three gallon (12 L) plants of R. austrinum and one gallon plants of A. parviflora were
field planted in fall 2005 and pruned to 6 in (15 cm) above the root collar the following
March 2006. Plants were then mounded either in mid-March or mid-June. Mounding
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consisted of covering plants with 18 in (46 cm) of composted pine bark that was held in
place by a 24 in (61 cm) diameter cylinder constructed from chicken wire. Prior to
mounding in June, stems on each plant were either wounded or not wounded and
treated or not treated with 5,000 ppm K-IBA using a spray bottle, which represented a 2
× 2 factorial. All shoots were harvested in March of the subsequent year and evaluated
for rooting percentage, number of rooted plants produced per mound, root collar
diameter (RCD), relative root score, and root system symmetry. Root system quality
was analyzed using RCD, root score, and root system symmetry measurements. Root
collar diameter was measured at the stem to root interface using a caliper. A relative
root score was based visually on size of the root ball with small roots systems receiving
a 0, intermediate sized root systems receiving a 1, and large root systems receiving a 2
(Fig. 1). Symmetrical root systems had at least two roots 130° apart around the stem
(Fig. 1). The experimental design was a randomized complete block design with 5
blocks of 10 plants. The treatments were randomly applied to pairs within the blocks
with one set of two being mounded in early March and the other 4 sets of 2 pairs (8
plants total per block) being mounded in June. The experiment was repeated over two
years and the data presented represents harvests from 2008 and 2009.
Results and Discussion: In A. parviflora, rooting percentage, number of rooted layers
produced, and root collar diameter were not affected by any of the treatments.
Regardless of when plants were mounded, 65% of shoots present on each mound
produced rooted layers. Each mound produced 3.5 rooted layers. Each rooted layer
had a RCD of 0.3 in (7 mm) and 8 roots per layer. During year 1, the average length of
the longest root on all plants was 10.2 in (26 cm), however in year two it was 8.3 in (21
cm) on June mounded plants and 5.9 in (15 cm) on March mounded plants. Although a
2-4 in (5-9 cm) difference is significant, it is difficult to explain why this occurred as all
other parameters between years and season of mounding were similar. Most rooted
layers were potted immediately for production, while rooted layers with the appearance
of a larger root system were lined out in field production. All survived and overwintered.
These results differ from McNiel and Elkins (2), who reported an average of 16.7 rooted
stems per plant. Plants in that study, however, had been planted for 15-18 years prior
to mounding, while plants in the present study had been planted for 6 months. Both
studies confirm that mound layering of buckeye is feasible on a nursery scale and that
simply mounding plants after hedging produces rooted layers within a year as long as
irrigation is provided.
Rooting percentage and the number of rooted layers produced per mound for R.
austrinum was not affected by mounding time (Table 1). Mean rooting percentage was
52.5% for mounds mounded in either March or June and each mound produced a mean
of 11.5 rooted layers (Table 1). Within the June mounding time, rooting percentage was
66% for the wounding minus K-IBA treatment, which was similar to all treatments,
except the minus wounding plus K-IBA treatment at 45%. The wounding plus K-IBA
treatment produced 13 rooted layers, whereas all other treatments produced
approximately 8.2 layers (Table 1).
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Root system symmetry was not affected by mounding time, wounding, or K-IBA
application (Table 2.). Approximately 44% of root systems were symmetrical. RCD of
June mounded plants was 0.2 in (4.3 mm), whereas that of March mounded plants was
0.1 in (3.5 mm) (Table 2). Within June, mounds treated with nothing (no wounding, no
K-IBA) or just wounded (wounded but no K-IBA) had a RCD of 0.2 in (4.4 mm), whereas
all others were 0.1 in (3.9 mm). Root score was 0.69 overall for March or June
mounded plants and was not affected by mounding time. Within June mounding,
however, plants that were wounded (wounding plus K-IBA, and wounding no K-IBA) had
a 0.81 root score whereas those not wounded were less (Table 2).
The results of this study indicate mound layering is a practical approach for successful
propagation of both Florida flame azalea and bottlebrush buckeye. Both mounding
times were effective and the use of wounding, K-IBA applications, or both is not
necessary to improve rooting percentages, number of rooted plants, or percentage of
symmetrical root systems. The June mounding time did allow for slightly larger root
collar diameters in Florida flame azalea but not visually superior root systems. For the
grower, this information provides flexible timing for in-field propagation of
Rhododendron austrinum and Aesculus parviflora. Because mounding in March on a
yearly basis might prove stressful for plants, growers can alternate mounding times
during production to allow for plants to recover between mounding. Plants could be
mounded in March during year one, but be mounded in June during year two. When
mounding plants of R. austrinum in June, wounding stems might increase the overall
quality of the root system.
Literature Cited:
1. Galle, F. 1987. Azaleas. Timber Press, Portland, Ore.
2. Koukourikou-Petridou, M.A. 1998. Etiolation of stock plants affects adventitious
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Regulation 25:17-21.
3. MacDonald, B. 1986. Practical woody plant propagation for nursery growers.
Timber Press, Portland, Ore.
4. Maynard, B.K. and N.L. Bassuk. 1996. Effects of stock plant etiolation, shading,
banding, and shoot development on histology and cutting propagation of
Carpinus betulus L. fastigiata. J. Amer. Soc. Hort. Sci. 121(5): 853-860.
5. McNiel, R.E. and S. Elkins. 2002. Influence of hormone and timing on layering
propagation of Aesculus parviflora. Proc. Southern Nursery Assn. Res. Conf.,
47th Annu. Rpt. p. 312-314.
6. Pathak, R.K., S.N. Upadhyay, and S.P. Tripath. 1978. Propagation of wild
species of temperate fruits through stool layering. Progressive Horticulture 10:2534.
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Table 1. Rooting percentage and number of plants produced per mound for March and
June mounding treatments of Rhododendron austrinum.
Number Rooted1

Rooting %

March Mounding

12±2.5a

47±7.7A

June Mounding

9±0.71a

58±3.6A

Treatment

Wounding and K-IBA

13±1.5a

61±6.0ab

No Wounding and No K-

8.9±1.3b

65±6.6ab

Wounding and No K-IBA

8.8±1.5b

66±7.9a

No Wounding and K-IBA

6.8±1.2b

45±7.3b

IBA

1

Values represent means ± 1 SEM for 10 replications. Means followed by a different
letter, within columns, represent significant differences, P<0.05.
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Table 2. Root system quality of Rhododendron austrinum indicated by root system
symmetry, root collar diameter, and relative root score (see Figure 1 for visual
descriptions).
Symmetry (%)1

RCD2 (mm)

Root Score

March Mounding

45±0.10A

3.5±0.39B

0.77±0.16A

June Mounding

43±0.04A

4.3±0.16A

0.61±0.06A

Treatment

Wounding and K-IBA

45±7a

3.9±0.35b

0.81±0.10a

No Wounding and No K-IBA

44±7a

4.4 ±0.31a

0.51±0.09b

Wounding and No K-IBA

50±7a

4.7±0.31a

0.80±0.11a

No Wounding and K-IBA

34±9a

3.9±0.29b

0.32±0.10b

1

Values represent means ± SEM for 10 replications. Means followed by a different
letter, within columns, represent significant differences, P<0.05.
2
RCD = Root collar diameter.
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Auxin Effects on Root Formation in Cuttings of Hardy Ice Plant
(Delosperma cooperi)
Derald A. Harp and Lauren Gerber
Texas A&M-Commerce, Dept of Ag Sciences, Commerce, TX 75482
Derald_Harp@TAMU-Commerce.edu
Index Words: IBA, Vegetative Propagation
Significance to Industry: Hardy ice plant (Delosperma cooperi) is a semi-evergreen
perennial that is successfully used in xeriscape and green roof gardens (1, 2).
Delosperma also appears to be an ornamental plant that is tolerant of high salinity (4).
However, the genus is relatively unstudied and little research information can be found
concerning asexual propagation methods.
Nature of Work: Auxins are plant hormones commonly used to encourage the
formation of adventitious roots in cuttings and other asexually produced plant
propagules. IBA (Indole butyric acid) is a synthetic plant growth regulator and is
preferred for some species because it is more stable and more effective at promoting
root growth than IAA alone (3).
Cuttings of D. cooperi were taken from existing stock in the Texas A&M – Commerce
greenhouse. Thirty six cuttings approximately 5 cm long and containing at least two
nodes were dipped into one of three IBA powders, Rhizopon AA #1 (0.1% IBA),
Rhizopon AA #2 (0.3% IBA), and Rhizopon AA #3 (0.8% IBA). An additional 12 cuttings
were grown as controls and not dipped in auxin. Cuttings were placed in 1801 trays
using Berger BM-7 35 growing media and grown under mist for 4 months. Throughout
the duration of the experiment, cuttings were affected by fungus gnat larvae. The larvae
fed on some of the plant roots, causing death in some individual plants and slowing root
production. Imidicloprid was used once weekly for two weeks to get the larvae under
control. After treatment, root growth progressed normally and the experiment continued
normally. Cuttings were evaluated for rooting by carefully removing the cutting from the
media and measuring any root growth.
Experimental design was a randomized complete block design with four cuttings from
each treatment assigned randomly within each block. Data were analyzed using Proc
GLM. Means were separated using Duncan’s.
Results and Discussion: Treatment with auxin did not improve rooting in Delosperma,
regardless of concentration. After four weeks, cuttings dipped in AA #3 had shorter
roots than those cuttings dipped in AA #1, but neither of these groups differed from the
control (Table 1). At eight and twelve weeks, no differences were noted in root length or
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overall plant development. Delosperma cooperi appears to be a species that forms
adventitious roots readily and does not require the exogenous application of auxin.
Literature Cited:
1. Duhrman, A.K., D.B. Rowe, and C.L. Rugh. 2007. Effect of substrate depth on
initial growth, coverage, and survival of 25 succulent green roof plant taxa.
HortScience 42: 588-595.
2. Harp, D.A. and C. Suttle. 2009. Performance of ornamental groundcovers and
perennials in Texas green roof gardens. Proc. 2009 Southern Nursery
Association Research Conference 240–244.
3. Hartmann, H.T., D.E. Kester, F.E. Davies, and R. Geneve. 2002. Hartmann and
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Table 1. Average root growth (cm) of cuttings of Delosperma cooperi at weeks 4, 8 and
12 after treatment with IBA. Means were separated using Duncan’s multiple range test.
Column entries with different letters are significantly different at P < 0.05.

Treatment

Week 4

Week 8

Week 12

Nontreated
(Control)

1.13ab

4.17a

5.00a

0.1% IBA
(Rhizopon AA #1)

2.00a

4.38a

5.92a

0.3% IBA
(Rhizopon AA #2)

1.67ab

4.54a

6.25a

0.8% IBA
(Rhizopon AA #3)

0.75b

4.58a

5.71a
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Germination Protocols for Amsonia tabernaemontana (Walter)
Michael Martin and Matthew R. Chappell
Univ. of Georgia, Horticulture Dept., 211 Hoke Smith Building
Athens, GA 30602
Index words: Amsonia tabernaemontana, Physical Dormancy, Seed Germination
Significance to Industry: The popularity of using native plants in ornamental
landscapes continues to grow despite an overall downturn in horticultural markets. This
increasing popularity of native plant material has resulted in a push by the nursery
industry to identify new species and/or identify superior cultivars of native species for
commercial cultivation. Amsonia tabernaemontana, eastern bluestar, is an attractive
herbaceous perennial native from New York, south to Florida and west to Texas (4).
Amsonia tabernaemontana is most notably recognized for stunning blue flowers in early
spring and attractive fall color. However, production of A. tabernaemontana from seeds
is difficult due to low germination percentage and unevenly timed germination (1, 3).
The development of germination protocols that increase germination percentage and
consolidate germination time could substantially increase utilization of A.
tabernaemontana in the nursery industry. While texts (2) indicate that cutting the seed
coat will increase germination in Amsonia, spp., no scientifically-derived methodology is
available from textbooks or research publications. Hence, this study has been
conducted to evaluate the physical dormancy (seed coat) of A. tabernaemontana.
Seeds were cut to remove the physical barrier to seed dormancy and hence increase
the imbibition of water. Two varieties of Amsonia tabernaemontana: A.
tabernaemontana var. salicifolia and A. tabernaemontana var. tabernaemontana were
subsequently evaluated to determine the effect of partial seed coat removal on
germination.
Nature of Work: Amsonia tabernaemontana, like many other native species, can be
extremely difficult to propagate via seed. Specifically, difficulty abating the physical
dormancy of seed, due to a highly impermeable seed coat, has resulted in very limited
availability of A. tabernaemontana sexually propagated plants. Difficulty in abating seed
dormancy has also been a primary factor in the lack of breeding and selection of
Amsonia spp., despite great potential for genetic improvement. Therefore, the goal of
this project was to define a protocol for high percentage germination of Amsonia
tabernaemontana var. tabernaemontana and Amsonia tabernaemontana var. salicifolia.
Amsonia tabernaemontana var. tabernaemontana seeds were collected from a wild
population in Oconee County, South Carolina (SC) in September 2008. Amsonia
tabernaemontana var. salicifolia was collected from a cultivated population in Carroll
County, Indiana (IN) in September 2008. Seeds were cleaned, sealed in polyethylene
bags and stored at 24C (75.2F) until May 2009. Pre-germination seed treatments
included: 1) Control (no imbibition and seed coat intact), 2) imbibition and with one end
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of seed coat removed, 3) imbibed in 24C (75.2F) water for 48 hours with seed coat
intact, 4) imbibed in 24C (75.2F) water for 48 hours with one end of seed coat removed,
5) imbibed in 38C (100.4F) water for 48 hours with seed coat intact, 6) imbibed in 38C
(100.4F) water for 48 hours with one end of seed coat removed. A sterile surgical
scalpel was used to remove one end of the seed coat. The seed coat was carefully
shaved away, 1-2 mm (0.04-0.08 in), using the scalpel until the embryo was exposed. A
Conviron (CMP3244) plant growth chamber (Controlled Environments Limited,
Winnipeg, Manitoba, Canada) was used for treatments 3 through 6 to ensure that the
treatment temperature was maintained during the entire imbibition period. Seeds were
imbibed in 40 mL of deionized water. After treatment, 38 seeds per treatment for each
variety were planted at a depth of 15 mm (0.59 in) in 38-star shaped, deep cell seedling
trays (Landmark Plastic Corp., Akron, OH) filled with Fafard 52 media Mix (Conrad
Fafard, Inc., Agawam, MA). Four replications, defined as a 38-count tray of each
treatment-variety combination were divided into two planting dates (7 days separating
planting dates) to ascertain if environment influenced germination.
After planting, seed trays were placed under mist in a randomized complete block
design in an environmentally controlled greenhouse with night temperatures at 21.1C
(70.0F) and day temperatured 25.6C (78.0F). Mist was provided by Netafim Violet
Vibro-Mist Misters (Netafim USA, Fresno, CA) operating from 7:00 a.m. to 8:00 p.m.
Misting was controlled using a 1A Single Zone Controller (Phytotronics, Inc., Earth City,
MO) set to 6 second bursts at 6 minute intervals. The output of each misting head was
650 to 700 ml (21.98- 23.67 fl oz.) per minute at 32 PSI. Germination data were
collected daily for 28 days after planting, with germination defined as cotyledon
emergence from the soil surface.
Data were analyzed using the GLM program in SAS v.9.13 (SAS Institute, Inc., Cary,
NC) with post-hoc Tukey analysis with significant p-value set to 0.05.
Results and Discussion: Planting date did not confound germination percentages.
However, germination rates of Amsonia tabernaemontana var. salicifolia and A.
tabernaemontana var. tabernaemontana were significantly different data were analyzed
separately by variety.
Partially removing the seed coat significantly increased germination for both varieties of
A. tabernaemontana. Seeds of A. tabernaemontana var. salicifolia with partially
removed seed coats had a germination of 54.8%, while intact seeds had a germination
of 17.8% (Figure 1). Seeds of A. tabernaemontana var. tabernaemontana with a
partially removed seed coat had germination of 55.3%, while intact seeds had
germination of 2.4% (Figure 1). This vast difference in germination percentages
between seeds with partially removed seed coats and intact seeds is due to removal of
the physical dormancy mechanism of the seeds. The removal of physical dormancy
facilitates the imbibition of water into the embryo, thereby increasing the germination
percentage of seeds with partially removed seed coats. During the preplanting stage,
when seeds were cut, there was concern over embryo damage during cutting. Potential
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damage to the radical could prove fatal to the embryo by preventing it from establishing
a healthy root system. This concern ultimately proved to be unwarranted, as seeds with
partially removed seed coats had a significantly higher germination percentage.
The temperature at which seeds were imbibed had a significant effect on germination
for both varieties of Amsonia tabernaemontana. Seeds of A. tabernaemontana var.
salicifolia with no imbibition had a germination rate of 28.6%, seeds imbibed at 24C
(75.2F) had a germination rate of 48.0% and seeds imbibed at 38C (100.4F) had a
germination rate of 32.2% (Figure 2). There was not a significant difference (P<0.05) in
germination rate when seeds of A. tabernaemontana var. salicifolia received no
imbibition and seeds were imbibed at 38C (100.4F). However, a significant increase in
germination was observed when seeds were imbibed at 24C (75.2F) compared to other
treatments. Seeds of A. tabernaemontana var. tabernaemontana with no imbibition had
a germination of 29.3%, seeds imbibed at 24C (75.2F) had a germination of 36.8% and
seeds imbibed at 38C (100.4F) had a germination of 20.4% (Figure 2). There was a
significant increase in germination rate from no imbibition treatment to those seeds
imbibed at 38º C (100.4° F). The 24º C (75.2° F) treatment, compared to other
treatments, had a significantly higher germination rate. Based on the observed results,
we postulate that those seeds imbibed at 38C (100.4F) had lower germination due to
the embryos suffering thermal damage.
Overall, seed treatments including the partial removal of seed coats and imbibition at
24C (75.2F) provided the highest germination rate (P<0.0001) for both varieties of
Amsonia tabernaemontana. For example, seeds of A. tabernaemontana var. salicifolia
with intact seed coats that were imbibed at 24C (75.2F) had a germination of 24.3%
compared to a germination of 71.7% observed in seeds with partially removed seed
coats that were imbibed at 24C (75.2F) (Figure 3). The same trend was observed in
germination rate of A. tabernaemontana var. tabernaemontana. Seeds with intact seed
coats that were imbibed at 24C (75.2F) had a germination of 3.3% compared to a
germination of 70.3% observed in seeds with partially removed seed coats that were
imbibed at 24C (75.2F) (Figure 3).
Based on these results, we have determined that low germination of A.
tabernaemontana is due to physical dormancy (impermeable seed coat). We have
constructed a germination protocol for A. tabernaemontana var. salicifolia and A.
tabernaemontana var. tabernaemontana that includes partial (1-2 mm; 0.04-0.08 in)
removal of a terminal end of the seed coat and imbibition for 48h at 24C (75.2F). Using
this protocol, germination of A. tabernaemontana var. salicifolia and A.
tabernaemontana var. tabernaemontana was increased 21 times, a commercially viable
level and a level that should allow population numbers adequate for cultivar selection by
ornamental breeders.
Currently, we are continuing this work to identify commercially-applicable seed
scarification methods. Hand cutting each seed is extremely time consuming, yet study
results demonstrate that mechanical scarification (partial seed coat removal) greatly
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increased the germination percentage of A. tabernaemontana. These findings provide
the ground work for expansion of research into viable automated scarification methods,
including mechanical (tumbler) or acid scarification, to determine if either are viable
options for commercial-scale production.

Germination Percentage
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Figure 1. Germination percentages for Amsonia tabernaemontana var. salicifolia and
A. tabernaemontana var. tabernaemontana based on mechanical scarification
techniques including seed coat intact or partially removed seed coat (PRSC).
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Figure 2. Germination percentages for Amsonia tabernaemontana var. salicifolia and A.
tabernaemontana var. tabernaemontana based on imbibition temperatures.

Figure 3. Germination percentages for Amsonia tabernaemontana var. salicifolia and A.
tabernaemontana var. tabernaemontana based on treatment.
Special thanks to Dr. Marc van Iersel, Amanda Hershberger and Justin Porter for
technical support.
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Improving Germination of seeds of Mexican Fan Palm
(Washingtonia robusta H. Wendland) through physical
and chemical treatments
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Escuela de Agronomía. Universidad De La Salle Bajío. Av. Universidad 602
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Index Words: Palms, Seed Germination, Mexican Washington Palm, Mexican
Washingtonia, Sexual Propagation, Arecaceae.
Significance to Industry: Palms are important plants from an ecological, ornamental
and food production point of view. These plant species are widely distributed in most
countries of the world and are appreciated by virtue of its peculiar morphology, beauty
and the tropical environment provided to houses, gardens, residential areas, avenues,
parks, etc. (1, 5, 6). The Mexican fan palm or Mexican Washington palm (Washingtonia
robusta H. Wendland) in particular, is a plant species native of desert regions in northwest, Mexico, in Sonora and Baja, California in the U.S. This palm is very popular not
only in the national territory but also in many countries because it is a fast-growing
species and can be adapted to different climates (from desert to tropical) and to
different types of soils with a broad range of chemical and physical properties (2, 3, 4).
This palm is also water stress tolerant (4) and can be grown under shade and full sun
conditions. Because of this, it can be exploited as an ornamental plant, to reforest
degraded areas, or as a natural barrier or to recover eroded soils. This plant species is
a natural resource that should be studied to be preserved and exploited with
sustainability; however, only few studies regarding its physiology and propagation have
been published. Commonly, this palm is propagated through seeds that have some
particular problems including relatively low rates of germination, non-uniform seedling
emergence, and a long germination time, which takes two to three months. Data
obtained from this study will benefit the nursery industry, propagators, and growers
since optimization of the germination process will provide more uniform and healthy
material for commercial exploitations.
Nature of Work: We studied the conditions to manipulate and optimize seed
germination of the Mexican fan palm to establish an efficient and reliable commercial
propagation system. In order to begin a series of experiments, we collected healthy and
mature fruits from selected plants at Irapuato, Guanajuato, Mexico. After harvesting, a
group of seeds were kept intact (with dried pulp tissues attached), while the remaining
set was cleaned by the following treatment: immersion for 48 h in a 2% H2SO4 solution
to facilitate pulp removal from seeds. After this, remaining pulp was removed by
macerating the seeds in a sieve and then washing pulp away several times with running
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tap water. Finally, the seeds were dried at room temperature for three days before
storage in paper bags. To check whether the seeds had internal or external dormancy,
we performed various experiments to determine the effects of chemical and physical
treatments on germination.
In the first attempt, we established an experiment with a completely randomized design
in which thirteen treatments were evaluated, which were obtained by the combination of
three concentrations of H2SO4 (0, 1, 5, 10%) with four immersion times (3, 6, 9, 12
days). Each treatment included seven replications (n=7), each of which were
represented by 15 seeds. Seeds used in this experiment were cleaned as described.
In the second experiment, we ran a factorial experiment with four treatments produced
by the combination of seeds with and without pulp and intact seeds or seeds submitted
to a treatment with water immersion (2X2). This treatment consisted of immersing the
seeds in distilled water (with daily changes of fresh water) for 6 days in an incubator at
28 ± 4C and 125 rpm of shaking. Each treatment included six replications (n= 6), each
of which were represented by 20 seeds.
Seeds from all experiments were sown in germination trays (60 holes) with a substrate
composed of Sunshine potting soil (Sun Gro Horticulture, Canada, Ltd), perlite,
vermiculite, and sandy-loam top soil (3:1:1:1) plus 4.95 g of slow release fertilizer,
Osmocote 14N-14P2O5-14K2O (Scotts-Sierra Horticultural Products Company,
Marysville, OH, USA), per container. Containers were transferred to a glasshouse and
grown with maximum photosynthetic photon flux density (PPFD) of 1100 μmol·m-2·s-1 at
plant level, and an average of day/night temperature of 27/20 ± 3C. Irrigation was
supplied as needed with distilled water. The number of days to start germination was
determined in all experiments and total number of germinated seeds and total percent
germination was evaluated 64 days after sowing. The experiments were repeated at
least two times to confirm the results. Velocity of germination (VG) was calculated by
using the formula: VG= Σ Xi/Ni where: Xi = Number of seeds germinated at “ith”
observation date, and Ni = Number of days after seeding at “ith” observation date.
Treatment effects in all experiments were determined by analysis of variance (ANOVA)
and means were separated using Tukey’s LSD (α= 5%) (7). Data expressed as
percentages were arc sin transformed before performing ANOVA.
Results and Discussion: The beginning of seed germination varied from 13 to 19 d in
all experiments (Table 1, 2). According to data obtained in experiment 1, germination of
seeds of Mexican fan palm was negatively affected by increased concentrations of
H2SO4 (5 and 10%) and longer immersion times (9 and 12 d). In contrast, low
concentrations of H2SO4 and longer immersion times significantly enhanced seed
germination (Table 1).
Data obtained in Experiment 2 showed that W. robusta seeds are negatively affected by
the presence of pulp tissues because germination increased significantly in treatments
including naked seeds. This observation strongly suggests the presence of some
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chemicals in the pulp that may cause seed dormancy (Table 2). It is also clear that the
treatment including naked seeds subjected to a water treatment for 6 days was the best
as compared with the rest of treatments because significantly increased both
percentage of germination and time of germination (Table 2). In addition to this, the
velocity of seed germination was drastically accelerated as compared to the rest of
treatments (Table 2, Figure 1).
Acknowledgements: Authors want to thank for the economical support provided by the
Universidad De La Salle Bajío through the Office of the Research Council.
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Table 1. Effect of H2SO4 on percentage of germination and days to begin germination of
Mexican Fan Palm (Washingtonia robusta H. Wendland) seeds 63 days (d) after
planting.
Total Germination Days to begin Germination
Seed Teatment
(%)
(Number)
Control
84 b
14
H2SO4 1%
3d
71 b
14
H2SO4 1%
6d
93 a
14
H2SO4 1%
9d
90 a
14
H2SO4 1% 12 d
39 c
14
H2SO4 5%
3d
88 a
18
H2SO4 5%
6d
3d
18
H2SO4 5%
9d
0e
0
0e
0
H2SO4 5% 12 d
H2SO4 10%
3d
49 c
18
6d
0e
0
H2SO4 10%
H2SO4 10%
9d
0e
0
H2SO4 10% 12 d
0e
0
Means with different letter are significantly different according to Tukey’s LSD (α= 0.05).
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Table 2. Effect of different treatments on percentage of germination, velocity of
germination of Mexican Fan Palm (Washingtonia robusta H. Wendl.) seeds after 63
days of planting.
Seed Teatment

Velocity of
Germination

Days to begin
Germination
(Number)
16
17

Total Germination
(%)
Intact seeds
77 b
0.43 c
Intact seeds
33 c
0.43 c
primed with water
Naked seeds
81 b
0.77 b
19
Naked seeds
97 a
1.45 a
13
primed with water
Means with different letter are significantly different according to Tukey test (α= 0.05).

Figure 1. Effects of several treatments on accumulated germination of seeds of
Washingtonia robusta H. Wendland 63 days after planting.
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Rooting Response of Azalea Cultivars Using Hot Water Treatments
to Control Pathogens
Warren E. Copes1 and Eugene K. Blythe2
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Index Words: azalea web blight, cutting propagation, Rhizoctonia, sanitation,
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Significance to Industry: Azalea web blight, caused by certain binucleate species of
Rhizoctonia, occurs yearly on some azalea cultivars during nursery production in the
southern and eastern U.S. Azalea shoots collected for the cutting propagation process
can harbor the pathogen, thus allowing the disease to be perpetuated. A previous study
demonstrated that submerging Rhizoctonia-infested stem pieces of 'Gumpo White'
azalea in 122°F (50°C) water for 21 minutes could eliminate the pathogen without
causing damage to leaf tissue. The present study determined that this hot water
treatment can be used safely for cuttings of twelve commonly grown azalea cultivars
without causing detrimental leaf damage or adversely affecting root development.
Nature of Work: Sanitation is a proven and cost effective approach for limiting the entry
of pathogens into a propagation facility (2, 3, 4). Hot water treatment is a method of
sanitation that can be used for seeds, tubers, and vegetables; however, the technique
has not previously been reported for use with stem cuttings.
In a previous study (1), hot water treatment was the only sanitation method tested that
eliminated Rhizoctonia from azalea stem pieces that had been inoculated and colonized
by Rhizoctonia AG P; soaking stem pieces in selected chemical disinfestants or
fungicides was ineffective. Rhizoctonia was eliminated (not recovered) from stem pieces
submersed in 122°F (50°C) water for 21 minutes and in 131°F (55°C) water for 6
minutes. In that study, terminal leafy cuttings of 'Gumpo White' azalea were treated with
the same hot water treatments to evaluate possible damage to leaf tissue, following the
assumption that necrosis of >25% of the leaf area would result in reduced rooting and
lower plant quality. Minor leaf damage resulted on cuttings for the times required to
eliminate the pathogen at 122°F and 131°C. However, the margin of error in time
between killing the pathogen and severely damaging leaf tissue was narrower at 131°F
than at 122°F. Severe leaf damage occurred when cuttings were submerged in 131°F
water for longer than 13 minutes, while only minor damage occurred when cuttings were
submerged in 122°F for 40 minutes.
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The first objective of the present work was to determine if hot water treatment [122°F
(50°C) water for 20 minutes] would damage leaf tissue and/or reduce root development
on cuttings of twelve commonly grown cultivars of azalea. The second objective was to
evaluate effects of this hot water treatment when extended from 20 minutes to 80
minutes on cuttings of the twelve azalea cultivars.
Terminal cuttings were collected from nursery-grown container plants of twelve azalea
cultivars ['Conleb' (Autumn Embers™), 'Fashion', 'Formosa', 'Gumpo White', 'Hardy
Gardenia', 'Hershey Red', 'Macrantha Pink', 'Midnight Flare', 'Red Ruffles', 'Renee
Michelle', 'Roblel' (Autumn Debutante™) and 'Watchet'] during May and June 2009. In
Expt. 1, cuttings were not treated or treated by complete submersion in 122°F water for
20 minutes using a temperature-controlled hot water bath. In Expt. 2, cuttings were
submerged in 122°F water for 20, 40, 60, or 80 minutes. In both experiments, cuttings
were inserted in a peat and pine bark substrate in 72-cell trays and placed under
intermittent mist in a greenhouse for approximately 7 weeks. Leaf damage was
evaluated within 2 to 7 days after hot water treatment using a scale of 0 (no damage) to
4 (all tissue damaged). At the end of each experiment, cuttings were evaluated for root
development [using a scale of 0 (no rooting) to 5 (full, symmetrical root system covering
the surface of the substrate plug)].
Results and Discussion: In Expt. 1, cuttings of nine of the twelve cultivars exhibited
no leaf tissue damage following submersion in 122°F water for 20 minutes compared
with nontreated cuttings (Table 1). Leaf damage on cuttings of the remaining three
cultivars was minor and not associated with reduced root development (Tables 1 and 2).
Cuttings of 'Fashion' azalea had slightly less root growth on hot water treated cuttings
compared with nontreated cuttings, although root systems likely would have been
comparable after a few weeks of growth. There was indication of some greater root
development on cuttings of 'Conleb' (Autumn Embers™), 'Hershey Red', and 'Midnight
Flare' azalea receiving the hot water treatment compared with nontreated cuttings,
although increased root development was not a focus of this study.
In Expt. 2, results from submersing stem cuttings in 122°F water for 20 to 80 minutes
indicated that cultivars do vary in sensitivity of leaf tissue and rooting response to hot
water treatment (Tables 3–4). As in earlier experiments with 'Gumpo White' azalea (1),
submerging cuttings in 122°F water for 40 minutes did not severely damage leaf tissue
(with ratings of 4 or greater) on any of the twelve cultivars tested. Submerging cuttings
for 60 minutes or longer increased the likelihood that cuttings would be severely
damaged or killed (Table 3). Approximately one-half of the cultivars showed no
significant reduction in root development with increasing duration of hot water treatment
(Table 4).
Since stem cuttings only need to be submerged for 21 minutes in 122°C water to
eliminate the pathogen, even the most heat-sensitive of the twelve cultivars could be
accidentally submerged for 40 minutes without hurting the cuttings. Based on published
(but limited) research, many other pathogens may survive this heat treatment, while
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only a few pathogens, including some types of propagules of Pythium and
Phytophthora, may be detrimentally affected by this heat treatment. Research would be
needed to determine which pathogens can be killed by heat, if the depth of pathogen
structures within plant tissue affects pathogen mortality, and whether different types of
heat sources are similarly as effective as hot water.
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Table 1. Numbers of terminal cuttings of twelve azalea cultivars exhibiting no leaf tissue
damage when treated or not treated by submersion in 122°F water for 20 minutes,
inserted in a pine bark/peat medium in plug trays, and placed under intermittent mist
(n=36).z Leaf damage was assessed within 2 to 7 days after treatment.
Cultivar
Nontreated
Treated
p-valuey
'Conleb' (Autumn Embers™)
36
35
0.5000
'Fashion'
35
32
0.1785
'Formosa'
32
31
0.5000
'Gumpo White'
36
34
0.2465
'Hardy Gardenia'
33
30
0.2391
'Hershey Red'
36
33
0.1197
'Macrantha Pink'
35
20
<0.0001
'Midnight Flare'
35
31
0.0993
'Red Ruffles'
35
31
0.0993
'Renee Michelle'
33
29
0.1535
'Roblel' (Autumn
1.0000
33
36
Debutante™)
'Watchet'
31
29
0.3765
z
Leaf tissue damage, when it occurred, was minor.
y
p-values for tests of increased leaf damage with use of heat treatment
(alternative hypothesis) based on Fisher's exact test (lower-tailed).

Propagation Section

321

SNA Research Conference Vol. 55 2010

Table 2. Numbers of terminal cuttings of twelve azalea cultivars exhibiting full,
symmetrical root development when treated or not treated by submersion in 122°F
water for 20 minutes, inserted in a pine bark/peat medium in plug trays, and maintained
for 7 weeks under intermittent mist (n=36).z
Cultivar
Nontreated
Treated
p-valuez
'Conleb' (Autumn Embers™)
29
35
0.9975
'Fashion'
28
16
0.0037
'Formosa'
31
34
0.9467
'Gumpo White'
35
34
0.5000
'Hardy Gardenia'
36
36
1.0000
'Hershey Red'
7
15
0.9899
'Macrantha Pink'
35
34
0.50000
'Midnight Flare'
32
36
1.0000
'Red Ruffles'
33
35
0.9427
'Renee Michelle'
35
34
0.50000
'Roblel' (Autumn
1.0000
34
36
Debutante™)
'Watchet'
34
33
0.5000
z
Root development on all other cuttings was acceptable; no
cuttings produced small root systems or failed to root.
y
p-values for tests of decreased root development with use
of heat treatment (alternative hypothesis) based on Fisher's
exact test (lower-tailed).
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Table 3. Median leaf tissue damage ratings for leafy, terminal cuttings of twelve
azalea cultivars submerged in 122°F water for 20 to 80 minutes, inserted in a pine
bark/peat medium in plug trays, and placed under intermittent mist (n = 12).
Ratings were assigned within one week after treatment using a 0 to 4 scale (0: no
damage; 4: complete damage).
Duration of submersion (min.)
Cultivar
20
40
60
80
p-valuez
'Conleb' (Autumn
<0.0001
0
0
2
3
Embers™)
'Fashion'
0
2
3
4
<0.0001
'Formosa'
2.5
3.5
4
4
<0.0001
'Gumpo White'
0
0
0
1.5
0.0675
'Hardy Gardenia'
0
2
2
3
<0.0001
'Hershey Red'
0
2
3
3
<0.0001
'Macrantha Pink'
2
3
4
4
<0.0001
'Midnight Flare'
0.5
2.5
4
4
<0.0001
'Red Ruffles'
0
1.5
3.5
3.5
<0.0001
'Renee Michelle'
0
1
2
3
<0.0001
'Roblel' (Autumn
<0.0001
0
0.5
0
2
Debutante™)
'Watchet'
0
.5
1
2
<0.0001
z
p-values for tests of nonzero correlation (alternative hypothesis) between
duration of submersion and response ratings based on Cochran-Mantel-Haenszel
statistics.
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Table 4. Median rooting response ratings for leafy, terminal cuttings of twelve
azalea cultivars submerged in 122°F water for 20 to 80 minutes, inserted in a pine
bark/peat medium in plug trays, and maintained for 7 weeks under intermittent
mist (n=12). Ratings were assigned on a 0 to 5 scale (0: no rooting; 5: full,
symmetrical root development).
Duration of submersion (min.)
Cultivar
20
40
60
80
p-valuez
'Conleb' (Autumn
0.1592
5
5
5
4.5
Embers™)
'Fashion'
4
3
2.5
0
<0.0001
'Formosa'
5
4
2.5
0
<0.0001
'Gumpo White'
3.5
3.5
3
3
0.1883
'Hardy Gardenia'
4.5
4
3.5
3.5
0.2158
'Hershey Red'
3
3
2.5
2.5
0.2581
'Macrantha Pink'
3
3.5
0
0
<0.0001
'Midnight Flare'
5
5
1
0.5
<0.0001
'Red Ruffles'
3
3
3
1
0.0026
'Renee Michelle'
4
4
3.5
3
0.0608
'Roblel' (Autumn
0.1223
5
5
5
5
Debutante™)
'Watchet'
5
4.5
3.5
2
<0.0001
z
p-values for tests of nonzero correlation (alternative hypothesis) between
duration of submersion and response ratings based on Cochran-Mantel-Haenszel
statistics.
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Seed Germination of Five Populations of Rhododendron vaseyi:
Influence of Light and Temperature
Cary J. Hebert, Frank A. Blazich, and Anthony V. LeBude
North Carolina State University, Department of Horticultural Science
Raleigh, NC 27695-7609
frank_blazich@ncsu.edu
Index Words: Ericaceae, Native Plants, Pinkshell Azalea, Population Ecology, Sexual
Propagation
Significance to Industry: Data are presented concerning the influence of light and
temperatures of 25C (77F) or an 8/16-hr thermoperiod of 30/20C (86/68F) on
germination of seeds of Rhododendron vaseyi A. Gray (pinkshell azalea) from five
populations in western North Carolina. All populations responded similarly. Light was
required for germination and continuous light (24-hr photoperiod) at 30/20C (86/68F)
resulted in the highest germination for all populations. The germination percentages
achieved reflected rigorous grading of the seeds prior to initiation of the study
suggesting similar results will also warrant grading prior to sowing of seeds.
Nature of Work: Rhododendron vaseyi is a rare, deciduous, ericaceous species
endemic to Watauga, Avery, and Mitchell Counties in northwest North Carolina and
Transylvania, Jackson, and Macon counties in the southwest portion of the state at
elevations above 914 m (3000 ft) (8). Found primarily in moist areas, swamps, or bogs,
native populations of R. vaseyi are punctuated by steep cliffs that descend quickly to
elevations below 910 m (3000 ft), relatively low elevation river valleys, mountain ranges,
and occur over an area of > 322 km (200 miles). Although confined to a relatively small
region endemically, R. vaseyi appears abundantly within its range.
In May to June, R. vaseyi produces attractive, pink to sometimes white, woodsy
smelling flowers in corymbs. Flowers appear prior to leaf development in 5-10 cm (2-4
in) wide clusters of 3 to 15 flowers (3). Five to seven stamens are produced, which are
more than other deciduous Rhododendron L. spp. (azaleas) native to the southeast
United States, but fewer than the 10 stamens produced in flowers of most evergreen
Rhododendron L. spp. (rhododendrons) native to the same area (4). The corolla tube is
noticeably shorter than most other native deciduous species within the genus (6). The
attractive clusters of fragrant spring flowers, excellent deep burgundy fall color, and
exfoliating bark of R. vaseyi make it an appealing landscape plant, especially popular
among native plant enthusiasts. Rhododendron vaseyi is typically sold by local or mail
order nurseries that propagate the plants by seed or to a lesser extent by stem cuttings.
Seed germination protocols were determined previously for R. vaseyi by germinating
seeds from two populations. Walker et al. (9) and LeBude et al. (5), studied the effect of
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a constant temperature of 25C (77F) or an 8/16-hr thermoperiod of 30/20C (86/68F)
with daily photoperiods at each temperature of 0 (total darkness), 1/2, 1, 2, 4, 8, 12, or
24-hr. Both studies utilized seeds from the same population collected from the
northernmost range of the species and LeBude et al. (5) also included another
population from the southernmost range. In each study, light was required for
germination and germination at each temperature increased with increasing
photoperiod. With continuous light, seeds from the population common to both studies,
as well as the additional population included by LeBude et al. (5), had total germination
of 50% at 30/20C (86/68F) and 31% at 25C (77F). The light requirement was not
surprising since seeds of many ericaceous species, including Rhododendron, have a
light requirement for germination (1, 2, 7). Prior to conducting their studies Walker et al.
(9) and LeBude et al. (5) subjected seeds to rigorous grading in attempts to achieve the
highest germination possible. Despite these efforts, maximum germination of 50% led
Walker et al. (9) and LeBude et al. (5) to hypothesize that low overall germination for R.
vaseyi might be due to inherent low viability. However, before such a hypothesis can be
accepted, a sampling of seeds from the entire native population would need to be
tested. This would provide evidence that low germination percentages result from
inherently poor seed viability. Therefore, the objective of this research was to determine
the influence of light and temperature on seed germination of five populations of R.
vaseyi, representing the entire native distribution of the species.
In January to February 2008 seeds of five populations of R. vaseyi were germinated at
25C (77F) or an 8/16-hr thermoperiod of 30/20C (86/68F) with daily photoperiods at
each temperature of 0 (total darkness), 8, 12, or 24 hr. Germination was recorded
every 3 days for 30 days.
Results and Discussion: The response to light and temperature of all populations was
similar. Light was required for germination regardless of population or temperature. As
photoperiod increased, germination increased for all populations with the alternating
temperature partially compensating for the light requirement. The highest cumulative
germination for all populations ranged from 51% to 67% and was achieved at 30/20C
(86/68F) with a 24-hr photoperiod. These germination percentages, although not high,
were due in part to rigorous grading of the seeds prior to initiation of the study
suggesting seed viability of R. vaseyi is inherently low.
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Pre-graft scion soaks in 6-Benzyladenine affects height of successful grafts in
various woody taxa
1
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Index words: vegetative propagation, plant-production, Configure
Significance to Industry: The use of a plant growth regulator as a pre-soak for scions
prior to dormant bench-grafting improved height for three cultivars and total shoot length
for one cultivar. Soaking scions in a plant growth regulator did not affect grafting
success, which indicates that the practice is not detrimental to grafting. Therefore,
commercial propagators may want to experiment with various soaking durations for
scions prior to grafting. Other ideas include pre-cutting the scions prior to soaking, then
fitting them onto the rootstock.
Introduction: Beginning grafters are always trying to develop a successful technique
while improving plant quality simultaneously. On liners that are grown for only one
season before being sold, the quality of branch and canopy architecture can vary
considerably. Despite this variation, these attributes are improved easily by pruning, but
there is an additional labor cost associated with this practice. In the case of grafting, a
single scion is grafted, which precludes pruning until stems have elongated. At this
time, however, plants are ready to be sold as liners. If plants are held by the propagator
for another year after grafting, then the canopy can be managed by pruning. For first
year liner sales an initial increase in height, the number of elongated branches, or a
denser canopy would increase quality. Based on these parameters, the next purchaser
of the liner would perceive that the plants were of high quality and had a considerable
chance of surviving in production (Jeffers et al., 2009).
Configure® (Fine Americas, Walnut Creek, CA) is a synthetic cytokinin plant growth
regulator known as 6-Benzyladenine (6-BA) and is used primarily for apple thinning and
improvement of fruit size. In ornamentals it has been used alone or in combination with
gibberellic acid (GA) to improve lateral bud break, increase branching and branch
length, and may stimulate flower bud formation. It does not translocate well, so
application is usually by soak or spray at or near the point of intended influence.
Improvements in graft union success with subsequent increased foliar or stem growth
would be desirable to commercial plant propagators. Improvements in these quality
metrics might transfer to more sales, greater customer satisfaction or both. The effects
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of plant growth regulators, in particular 6-BA, have not been tested during benchgrafting of deciduous woody ornamentals. Therefore, the objective of this study was to
determine the effect of pre-graft soaks in 6-BA of scions of five woody ornamentals on
graft success and subsequent growth after budbreak.
Materials and Methods: Seedlings of Acer palmatum Thunb. Japanese maple,
Carpinus betulus L. European hornbeam, Chionanthus virgninicus L. white fringe tree,
Hamamelis virginiana L. witch-hazel, and Zelkova serrata (Thunb.) Mak. Japanese
zelkova, with root collar diameters approximately 3/16 in (0.48 cm) were obtained in
February to March 2008, potted and grown similarly to rootstocks described previously
(LeBude et al., 2008; Upchurch, 2006.) until grafting in winter 2009.
Scion wood of Acer palmatum ‘Tamuke Yama’ Japanese maple, Carpinus betulus ‘Fanz
Fontaine’ European hornbeam, Chionanthus virginicus ‘Emerald Knight’ fringe tree,
Hamamelis mollis ‘Wisley Supreme’ witch-hazel, and Zelkova serrata ‘Musashino’
Japanese zelkova approximately 4-6 in (10.2-15.2 cm) long and possessing 3-5 nodes
was grafted to its respective genera of seedling rootstock on January, 30, 2009, or
February 5, 2009 using a modified side-veneer graft (Upchurch 2006). Prior to grafting,
scions were randomly assorted into six groups of ten for each cultivar. Piles of 10
scions were randomly selected to be either grafted dry (nontreated dry control) or have
the basal 2 in (5 cm) soaked in 0 (nontreated wet control), 250, 500, 750, or 1000 mg·l-1
6-BA (Configure®, Fine Americas, Inc., Walnut Creek, CA) (all soaks were amended
with 0.5% Tween 20, Promega, Corp.) for one hour prior to grafting. Graft unions were
wrapped with 3/16 in (0.48 cm) wide budding rubbers and painted with Tree Kote (both
from A.M Leonard, Inc., Piqua, Ohio). Plants were maintained under the same
temperature regime until the graft unions healed and the buds of the scion began to
swell. Plants were then watered two to three times daily for 3-4 days to re-wet
substrates. After watering, temperatures were increased to 45 F (7.2 C) for heating and
70 F (21.1 C) for cooling.
Caliper of the root stock and scion at the graft union was recorded as plants were
grafted. Every effort was made at grafting to match the size of the rootstock and scion
within treatments to ensure maximum cambial contact. Scion length was also recorded
at grafting; scion length was similar for all treatments within a cultivar, but different
among cultivars. Mean scion length was 13.0, 12.4, 19.0, 11.9, and 10.5 cm for Acer,
Carpinus, Chionanthus, Hamamelis, and Zelkova, respectively.
Stem height of successful grafts was measured 21, 42, and 63 days after budbreak
(DAB) for each species by measuring the scion plus uppermost terminal growth from
the scion. The height of rootstock was not used in calculating stem height. All data
were subjected to analysis of variance (ANOVA) or regression analysis where
appropriate using SAS v. 9.1.3 (SAS Institute Inc., Cary, NC).
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The experimental design was a randomized complete block with 10 replicates of single
tree plots. Species were considered separate experiments and were grown and
analyzed separately.
Results and Discussion: Soaking scions of any cultivar in either water with Tween 20
or various concentrations of 6-BA did not affect grafting success compared to grafting
nonsoaked (dry) scions. Mean grafting success was 72, 87, 65, 90, and 75% for A.
palmatum ‘Tamuke Yama’, C. betulus ‘Fanz Fontaine’, C. virginicus ‘Emerald Knight’, H.
mollis ‘Wisley Supreme’, or Z. serrata ‘Musashino’, respectively.
With the exception of C. ‘Franz Fontaine’ and Z. ‘Musashino’ at 63 DAB, height at each
measurement date for all species was affected by the plant growth regulator treatment
(Table 1). Only results for 63 DAB will be discussed.
Using 250 mg·l-1 6-BA as a pre-graft soak increased the total height of Acer ‘Tamuke
Yama’ 8.4 cm when plants were ready for sale at 63 DAB. When scions of Chionanthus
‘Emerald Knight’ were treated with 750 or 1000 mg·l-1 total height increased by 10.4 or
7.9 cm, respectively, compared to the control. For plants of Hamamelis ‘Wisley
Supreme’, height increased by 8.5 or 7.5 cm when treated with 500 or 750 mg·l-1 6-BA.
There was no relationship between height and the concentration of 6-BA for any
species at any DAB (Table 1).
The caliper of either the rootstock or the scion prior to grafting did not affect stem height
of any of the species. Surprisingly, height of the scion and total height were not
correlated. This indicates that any differences in stem height at any of the dates
measured was not due to either the caliper of the rootstock or the scion, and it was not
due to the length of the scion prior to grafting. Any differences in height between the
treatments appear to be the result of either soaking the scions in water with Tween 20
or with the addition of 6-BA prior to grafting.
The length of every shoot on each plant was summed to provide an estimate of the total
shoot length produced for each plant. It was hypothesized that the PGR might increase
the overall length of shoots produced on plants, thus making plants appear denser.
When data for the dry control was omitted, total shoot length increased with increasing
concentrations of 6-BA at all DAB for Carpinus ‘Franz Fontaine’ only (Figure 1). All
other plants were not significantly affected by the PGR by 63 DAB.
Grafted plants less than six feet tall are sold by height and not by caliper, so any
additional gains in height add to the overall plant quality. Uniformity of height and
density of plant canopy is a major metric consumers use to gauge plant quality. The
standard error of the mean of height for plants of Hamamelis ‘Wisley Supreme’ in the
500 or 750 mg·l-1 6-BA treatments was less than that of the dry control. This indicates
that not only are the plants taller after being treated with 6-BA, but they are as uniform
as plants grafted conventionally. In contrast, plants of Chionanthus ‘Emerald Knight’
and Acer ‘Tamuke Yama’ were taller than the control but much less uniform as a group.
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Nevertheless, within each species, and on a larger scale, plants of similar height can be
sold together to create uniformity during sale.
Because scions were soaked for only 1 hour prior to grafting, further investigation might
determine the effect of longer soaking times on height, uniformity, and density of the
canopy. Particularly, cultivars of Acer palmatum, Carpinus betulus, and Hamamelis
mollis, but not to exclude other cultivars of the species tested here. Additionally, dwarf
cultivars of some very popular plants might benefit. Scions might also be cut to fit onto
the rootstock prior to soaking, rather than after soaking, to aid penetration of the
chemical.
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Total height (length of scion and terminal stem) at 21, 42, or 63 days after budbreak
(DAB) for grafted plants of five woody taxa after scions were either grafted dry, or
soaked for 1 hour in 0, 250, 500, 750, or 1000 mg·L-1 6-BA prior to grafting.
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Chionanthus
Hamamelis
Zelkova
‘Emerald Knight’
‘Wisley Supreme’
‘Musashino’
DAB
DAB
DAB
21
42
63
21
42
63
21
42
63
Height (cm)
Dry control
18.5
21.2
21.9
25.4 45.4 54.4 27.3 34.3
36.6
15.3 16.9 18.2 26.1
36.8 42.0
0 21.0*
20.8
21.3 18.8* 40.4 51.3 28.8 40.0*
39.3
16.3 19.6* 22.2 24.1 45.6* 50.2
250 24.8* 27.3* 30.3* 18.3* 32.3* 44.3 34.7* 38.7
39.6
15.7 19.0 19.9 25.7
39.1 50.4
500 20.1
22.6
22.6
24.7 48.0 56.8 32.4 35.0
35.3
18.3* 22.2* 26.7* 24.1
39.6 39.4
750 18.5
20.0
23.0
23.4 39.3 46.4 31.3 44.4* 47.0* 17.8* 20.7* 23.9* 21.3* 34.3 34.1
1000 17.1
17.0*
22.4 20.4* 42.4 53.7 31.2 42.0* 44.5*
16.4 20.7* 21.7 22.4
44.8 47.9
z
L
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
L+Q
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
*Within columns, means are significant from the dry control at P≤0.10.
Z
Test for the linear and linear + quadratic relationship between height and concentration for each DAB category.
Treatment
6-BA
(ppm)

Acer
‘Tamuke Yama’
DAB
21
42
63

Carpinus
‘Franz Fontaine’
DAB
21
42
63
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Figure 1. Mean total shoot length (sum of all shoots on plant) 21, 42, or 63 days after
budbreak (DAB) for scions of Carpinus ‘Franz Fontaine’ treated with either 0, 250, 500,
750, or 1000 mg·l-1 6-BA and then grafted.
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