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Significance to the Nursery Industry

BA is a potentially useful tool for increasing the density
of white pine Christmas trees. In addition to the obvious
effects of better growth and appearance, good fertility results
in greater production of fascicular buds and branches fol-
lowing applications of BA. Growers should ensure that the
N status of trees is adequate before attempting to increase
the number of growing points with an application of BA.

Literature Cited

1. Cohen, M.A. 1978. Shoot apex development and rooting of Pinus
strobus L. by dwarf shoots. J. Amer. Soc. Hort. Sci. 103:483-484.

2. Cohen, M.A. and J. Shanks. 1975. Effect of N%-BA, GA;, and
removal of terminal buds on dwarf shoot development in Pinus ponderosa.
J. Amer. Soc. Hort. Sci. 100:404-406.

3. Gregory, F.G. and J.A. Veale. 1957. A reassessment of the problem
of apical dominance. Symp. Soc. Exp. Biol. 11:1-20.

4. Kossuth, S.V. 1978. Induction of fascicular bud development in
Pinus sylvestris L. HortScience 13:174-176.

5. Kozlowski, T.T. 1973. Predictability of shoot length from bud size
in Pinus resinosa Ait. Can. J. For. Res. 3:34-38.

6. Little, C.H.A. 1970. Apical dominance in long shoots of white pine
(Pinus strobus). Can. J. Bot. 48:239-253.

7. Little, C.H.A. 1984. Promoting bud development in balsam fir
Christmas trees with 6-benzylaminopurine. Can. J. For. Res. 14:447-451.

8. Mclntyre, G.I. 1968. Nutritional control of the correlative inhibition
between lateral shoots in the flax seedling (Linum usitatissimum). Can. J.
Bot. 46:147-155.

9. Mulgrew, S.M. and D.J. Williams. 1985. Effect of benzyladenine
on the promotion of bud development and branching of Picea pungens.
HortScience 20:380-381.

10. Nauer, E.M. and S.B. Boswell. 1981. Stimulating growth of quies-
cent citrus buds with 6-benzylaminopurine. HortScience 16:162—163.

11. Peterson, H.C. and G. Chester. 1964. A reliable total nitrogen
determination of plant tissue accumulating nitrate nitrogen. Agron. J. 56:89—
90.

12. SAS Institute Inc. 1982. SAS user’s guide: statistics. SAS Institute,
Cary, N.C.

13. Stiff, C.M. and A.A. Boe. 1985. Effects of foliar-applied benzyl-
aminopurine on fascicular bud development in Mugo pine. HortScience
20:285-287.

14. Van Genuchten, M.T. 1980. A closed-form equation for predicting
the hydraulic conductivity of unsaturated soils. J. Soil Sci. Soc. Am.
44:892-898.

Micropropagation of Flame Azalea’

Frank A. Blazich and Juan R. Acedo?
Department of Horticultural Science
North Carolina State University
Raleigh, NC 27695-7609

200 ppm NaH,PO,.

Abstract

Shoots tips excised from an actively growing stock plant of flame azalea [Rhododendron calendulaceum (Michx.) Torr.] were
surface sterilized, the terminal portions were removed (decapitated) and the shoots placed horizontally on agar-solidified Woody
Plant Medium (WPM) supplemented with 15 ppm 6-(y, y-dimethylallylamino)-purine (2iP). Within 4 to 6 months multiple shoot
formation commenced. After 2 to 3 additional months of growth, axillary shoots were excised from the original explants. The
shoots were decapitated and placed on WPM. After 2 subcultures, 8-node axillary shoots were excised, decapitated and cultured
on agar-solidified WPM supplemented with 0, 4, 8, 12, 16, 24, and 32 ppm 2iP. The greatest number of shoots (microcuttings)
= 5 mm (0.2 in) were produced at 12 ppm 2iP. Microcuttings = 10 mm (0.4 in) were rooted using ex vitro procedures. Enhancement
of both axillary shoot multiplication and shoot length was achieved by addition to the medium of 80 ppm adenine sulfate and

Index words: in vitro propagation, tissue culture, Rhododendron calendulaceum

Introduction

Flame azalea [Rhododendron calendulaceum (Michx.)
Torr.] occurs naturally in the Appalachian region of the
United States, extending from southwestern Pennsylvania
and Ohio to northern Georgia (7,8). It blooms in late spring
and is regarded as one of the most striking, native flowering
shrubs with flower color ranging from orange-yellow to
scarlet (8). The tremendous floral display coupled with the
diversity of flower color provides incentives for selection

Received for publication November 10, 1987; in revised form January
25, 1988. Paper No. 11324 of the Journal Series of the North Carolina
Agricultural Research Service, Raleigh, NC 27695-7609.

2Professor and Research Technician, resp.

J. Environ. Hort. 6(2):45-47. June 1988

and propagation of superior forms. However, before the
horticultural virtues of this species can be exploited, tech-
niques must be developed for vegetative propagation of
desirable clones. One of the main reasons why this plant is
not widely utilized is due to the lack of suitable procedures
for asexual propagation.

One technique for vegetative propagation might involve
the use of rooting stem cuttings. This would seem like a
logical approach because stem cuttings of many Rhodo-
dendron species can be rooted without much difficulty. Un-
fortunately, stem cuttings of flame azalea, particularly those
taken from plants in the adult growth phase, are extremely
difficult to root (13,14). Pronounced clonal variation in the
rooting response also places severe limitations on cuttings
as a means to propagate selected clones (12,14).
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Difficulties associated with cloning flame azalea by root-
ing stem cuttings might be overcome by application of tissue
culture procedures which have been successfully used on
many species of Rhododendron (1,2,3,4,5,6,10,11). There-
fore, the following study was undertaken to investigate the
feasibility of propagating flame azalea by micropropagation.

Materials and Methods

Experiment 1: Development of a workable proce-
dure: Terminal shoots, 2 to 4 cm (0.8 to 1.6 in) in length
were taken from an actively growing, containerized stock
plant maintained outdoors under lath shade in Raleigh, NC.
The stock plant was in the adult growth phase and had been
propagated sexually. Following excision, large leaves were
removed. Shoots tips were placed in running tap water for
15 minutes, washed in soapy water for 1 minute and rinsed
under running tap water for 10 minutes. Explants were then
submersed for 15 minutes with gentle agitation in a 10%
Clorox solution (1.05% sodium hypochlorite) containing
0.05% Tween-20, rinsed 3 times in sterile distilled water
and the terminal portions and basal 2 to 3 mm (0.08 to 0.12
in) of each shoot were removed.

Shoot tips were placed horizontally into 100 X 25 mm
(3.9 x 1.0 in) plastic Petri dishes containing 25 ml of Woody
Plant Medium [WPM (9)] solidified with 0.7% agar, and
containing 15 ppm 2iP (pH 5.2). Dishes were sealed with
Parafilm™® and cultures were maintained at 25° = 1°C (77.0
+ 1.8°F) under a 16 hr photoperiod supplied by 40 W cool-
white fluorescent lamps. The lamps provided a photosyn-
thetic photon flux density (PPFD) of photosynthetic active
radiation (PAR) between 400 and 700 nm of 56 to 80 pwmol/
m?/s (4.3 to 6.0 kix) plus a radiant flux density of photo-
morphogenic radiation (PR) between 700 and 850 nm of 11
to 15.8 W/m?, measured at the shelf surface on which the
dishes were placed. These and all other light measurements
were recorded with a LI-COR LI 185A quantum/radiometer/
photometer.

Shoots tips were transferred at 7 and 14 days to fresh
medium and subsequently every 2 to 3 weeks until multiple
shoot formation commenced which took 4 to 6 months.
Following multiple shoot formation, explants were trans-
ferred to 80 X 100 mm (3.1 to 3.9 in) Pyrex storage jars
containing 100 ml of the same medium on which the ex-
plants were initially cultured. Within 2 to 3 months, axillary
shoots = 1.0 cm (0.4 in) were excised from the original
explants. The terminal portions were removed (decapitated)
and the shoots placed horizontally into similar Pyrex storage
jars containing the same volume of WPM (9) as described
previously. After 2 subcultures, 8-node axillary shoots were
decapitated and placed horizontally in 100 X 25 mm (3.9
X 1.0 in) plastic Petri dishes containing 25 ml of WPM
(9) supplemented with the following concentrations of 2iP:
0, 4, 8, 12, 16, 24 and 32 ppm. Each concentration was
replicated 5 times and a replication consisted of a Petri dish
containing 5 decapitated axillary shoots. Cultures were placed
in a Percival MB-54 growth chamber maintained at 25° =
1°C (77° = 1.8°F) with a 16-hr photoperiod supplied by
40 W cool-white fluorescent lamps. The lamps provided a
PPFD of 31 to 43 pmol/m?s (2.3 to 3.3 kix) plus PR of
6.3 to 8.9 W/m? as measured at the shelf surface on which
the dishes were placed. After 4 weeks, shoots were trans-
ferred to 80 X 100 mm (3.1 X 3.9 in) Pyrex storage jars
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containing 100 ml of fresh medium and left for an additional
16 weeks prior to data collection which included the number
and length of all shoots (microcuttings) = 5 mm (0.2 in).

Microcuttings = 10 mm (0.4 in) were rooted under high
humidity conditions in plastic flats [21.6 X 16.5 X 5.1 cm
(8.5 X 6.5 X 2.0 in)] containing a sterile rooting medium
of 1 peat:1 vermiculite (by vol.). High humidity was pro-
vided by daily syringing of the microcuttings with water
and enclosure of the flats in sealed plastic bags. The cuttings
were maintained for rooting under conditions virtually iden-
tical to those in the culture room. Percent rooting was noted
after 10 to 12 weeks followed by acclimation of the rooted
microcuttings to reduced humidity and finally acclimation
to greenhouse conditions and observance of subsequent
growth.

Experiment 2: Enhancement of both axillary shoot mul-
tiplication and shoot length: From cultures maintained in
the culture room as described for Experiment 1, 8-node
axillary shoots were excised. The shoots were decapitated
and placed horizontally in 100 X 25 mm (3.9 x 1.0 in)
plastic Petri dishes containing 25 ml of WPM (9) (pH 5.2)
solidified with 0.7% agar and supplemented with 80 ppm
adenine sulfate, 200 ppm NaH,PO, and the following con-
centrations of 2iP: 0, 4, 8, 12, 16, 24 and 32 ppm. Each
concentration was replicated 4 times and a replication con-
sisted of a Petri dish containing 5 decapitated axillary shoots.
Cultures were placed in the Percival growth chamber as in
Experiment 1. After 4 weeks, shoots were transferred to 80
x 100 mm (3.1 X 3.9 in) Pyrex storage jars containing
100 ml of fresh medium and left for an additional 16 weeks
prior to data collection which included the number and length
of all microcuttings = 5 mm (0.2 in).

Results and Discussion

Consistent with reports for other Rhododendron species
(1,2,3,4,5,6,10,11), flame azalea can be propagated by tis-
sue culture. Multiplication of axillary shoots was achieved
by varying the 2iP concentration in the basal medium. The
number and length of the shoots was enhanced by adding
adenine sulfate and NaH,PO, to the medium (Fig. 1). Root-
ing and subsequent acclimation of tissue culture produced
microcuttings ranged from 70 to 90% whether originating
from Experiment 1 or 2.

Regardless of the 2 media utilized, the greatest number
of microcuttings = 5 mm (0.2 in) was produced with 12
ppm 2iP. The same relationship was noted for microcuttings
=10, 15 and 20 mm (0.4, 0.6 and 0.8 in). At concentrations
< or > 12 ppm, the number of microcuttings in each length
classification decreased.

Although all microcuttings = 5 mm (0.2 in) were re-
corded, the investigators feel that in order to effectively
utilize ex vitro methods for rooting, microcuttings must be
at least = 10 mm (0.4 in); an ideal length would be 20 to
30 mm (0.8 to 1.2 in). In fact, the desire to increase the
length of microcuttings is what prompted Experiment 2.
Despite Experiment 1 providing microcuttings which could
be rooted using ex vitro procedures, it was felt that the
length of cuttings = 15 mm (0.6 in) needed to be increased.
For example, the number of microcuttings produced in Ex-
periment | at {2 ppm 2iP = 15 and 20 mm (0.6 and 0.8
in) was approximately 11 and 4, respectively. Addition of
adenine sulfate and NaH,PO, increased the number of cut-
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Fig. 1. Response of decapitated, 8-node axillary shoots cultured

on 2 media supplemented with varying concentrations of
2iP. Experiment 1 utilized the standard WPM (9) and Ex-
periment 2 utilized WPM (9) modified with the addition
of 80 ppm adenine sulfate and 200 ppm NaH,PO,. Data
points for Experiments 1 and 2 are based on 25 and 20
observations, respectively. Vertical lines represent * 1
standard error and were omitted when <1.0.

tings = 15 and 20 mm (0.6 and 0.8 in) to approximately
37 and 15, respectively.

Microcuttings of flame azalea were relatively easy to root.
Provided desiccation was avoided, percent rooting often
approached 100% with the percentage of greenhouse accli-
mated plants always being less. Although microcuttings rooted
without difficulty, growth following rooting presented prob-
lems. Plants tended to grow as single stems whether or not
they were decapitated or cut back more severely. This same
phenomenon has been observed by the authors and reported
by nurserymen when the species is propagated by seed.
Seedlings tend to exhibit little or no branching and various
types of pruning often do not alleviate the problem. Further
study will be necessary to increase branching for plants
propagated both by seed and tissue culture.

A critical step in developing the micropropagation pro-
cedures described was successful sterilization of actively-
growing shoot tips taken from the stock plant. Initially 20
shoot tips were placed in culture (1 shoot/culture) and within
a month all but 4 were lost due to contamination. Contam-
ination may have been lessened if the stock plant had been
maintained for some time under greenhouse conditions be-
fore excision of shoot tips. In any event, experience has
shown that failure to properly sterilize shoot tips can present
problems.

The successful protocol described for micropropagation
of flame azalea is very similar to that reported for other
Rhododendron species in which the procedure consists of
in vitro multiplication of axillary shoots followed by rooting
of the shoots utilizing ex vitro procedures (3,5,10). Al-
though the basic procedures for many rhododendrons may
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be similar, differences have been reported in the manner by
which particular species respond in culture. For example,
optimum axillary shoot multiplication for Chapman’s rho-
dodendron (Rhododendron chapmanii A. Gray) was achieved
at a 2iP concentration of 2 ppm, (3) while for flame azalea,
12 ppm was necessary (Fig. 1). Also, experience by the
authors on micropropagation of Chapman’s rhododendron
and flame azalea have shown that, all factors being equal,
the former will grow faster in culture and produce longer
shoots than the latter. Similar observations have been re-
ported by others and appear to be related to the great genetic
diversity which exists within the genus (10). In the case of
Chapman’s rhododendron vs. flame azalea, diversity is il-
lustrated by the former being lepidote (scaly), evergreen and
having a semi-indeterminate growth habit while the latter
is elepidote (nonscaly), deciduous and exhibits determinate
growth.

Significance to the Nursery Industry

Although the horticultural merits and beauty of flame
azalea have long been recognized, widespread use of this
species has been limited due to difficulties regarding veg-
etative propagation. However, selection and vegetative
propagation by micropropagation of superior selections is
now feasible utilizing procedures described herein.
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