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Abstract. Adventitious shoots developed on cotyledons of Virginia pine (Pinus virginiana Mill.) excised from seeds
subjected to H2O 2 treatment for 3, 6, or 9 days and cultured on media containing 0.5 to 10 mg BA/liter. Shoot
regeneration was greatest (42 shoots per embryo) on cotyledons from seeds treated with H 2O2 for 6 days and placed
on medium containing BA at 10 mg·liter-1. Excised shoots elongated on medium lacking BA. Following elongation,
shoots were placed on media containing IBA at 0 to 40 mg·liter -1 for 14 days followed by transfer to the same medium
lacking auxin. Without IBA treatment, rooting was 3%, and increased to 50% for 5 to 40 mg·liter -1. Rooted shoots
averaged 2.0 roots per shoot without auxin incorporation, 3.3 roots when treated with 5 mg IBA/liter, and the number
of roots increased linearly with increased IBA concentration up to 40 mg·liter -1 (4.5 roots). Plantlets were transferred
to growing medium and acclimated successfully to greenhouse conditions. Chemical names used: N- (phenylmethyl)-
1 H- purine-6-amine (BA), 1 H- indole-3-butyric acid CBA).
Virginia pine is an important Christmas tree species grown
in the southeastern United States. Currently, the species is prop-
agated exclusively by seed. However, variability among trees
is a problem with sexual propagation. Development of asexual
propagation procedures, such as rooting of stem cuttings, would
be advantageous, allowing cloning of trees with desirable char-
acteristics. Unfortunately, techniques for asexual propagation
by stem cuttings have not been reported.

Another possibility for asexual propagation is tissue culture,
using embryonic tissues as explants. Such procedures could lead
to mass propagation from seeds of superior trees or families and
provide a foundation for future studies aimed at in vitro prop-
agation using vegetative tissues of trees in the adult growth
phase.

Development of a successful protocol for in vitro propagation
of Virginia pine from embryonic tissues appears feasible since
many Pinus L. species have been propagated using this ap-
proach (Bonga and Durzan, 1987). However, the only published
report (Brown and Sommer, 1977) dealing with tissue culture
propagation of Virginia pine is a survey of in vitro regeneration
of Pinus spp. and Douglas fir [Pseudotsuga menziesii (Mirb.)
Franco]. This research showed that adventitious shoots could be
induced on cotyledons of Virginia pine, although the number
of shoots per embryo was not reported and the methodology
used was not described fully. Therefore, our objective was to
develop procedures for tissue culture propagation of Virginia
pine using explants of cotyledons.

Materials and Methods

Explant source and seed germination. Seeds from a North
Carolina stand of Virginia pine (exact provenance unknown)
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were extracted from cones in Fall 1969 by the North Carolina
Forest Service, dried to a moisture content of 6% to 6.5%, and
stored at –13C. Abnormal, damaged, and undersized seeds
were removed before initiation of Expt. 1. Following removal
from storage in Dec. 1987 and May 1988, seeds were nicked
at the micropylar end with a scalpel and placed in 1% (v/v)
H2O 2 for the first 3 days and 0.1 % (v/v) H2O 2 thereafter. For
germination, seeds were maintained at an 8/16-h thermoperiod
of 30/20C and were irradiated during the 8-h cycle with a com-
bination of cool-white fluorescent and incandescent lamps. The
lamps provided a photosynthetic photon flux [PPF (400-700
nm)] of 17.9 µmol·s -1· m-2 (1.3 klx). This and all other light
measurements reported were recorded with a LI-COR LI 185A
quantum/radiometer/photometer (LI-COR, Lincoln, Neb.).

Influence of BA concentration and duration of H2O2 treatment
on shoot induction—Expt. 1. Following H2O2 treatment for 3,
6, or 9 days, which accelerated germination, seeds were surface-
sterilized with 70% (v/v) ethanol for 2 min, 0.5% (w/v) Ca(OCl) 2

for 10 min, and rinsed three times with sterile distilled water (a
quick rinse, a 10-min soak, and another quick rinse). Embryos
of the following approximate lengths were representative of H2O2

treatment for 3, 6, and 9 days, respectively: 4, 5, and 6-7 mm.
Cotyledons were aseptically excised and placed horizontally into
100 × 25-mm plastic petri dishes containing 25 ml of shoot
induction medium. Shoot induction medium consisted of a Brown
and Lawrence (BLG) medium, as modified by Amerson et al.
(1985), containing 3% sucrose and 0.8% agar and supplemented
with the following concentrations of BA: 0.5, 1, 5, or 10
mg·liter -1. The pH of the media was adjusted to 5.5 before
autoclaving. Explants remained on the initial medium for 2 weeks
followed by transfer to 100 × 25-mm plastic petri dishes con-
taining 25 ml of secondary medium. Secondary medium con-
sisted of full-strength Gresshoff and Doy (GD) medium, as
modified by Mott and Amerson (1981), containing 2% sucrose,
1% activated charcoal, and 0.8% agar. The pH of the medium
was adjusted to 5.5 before autoclaving. Cotyledons remained
on secondary medium for 8 weeks, including one transfer after
4 weeks. Cultures were maintained at 22C under continuous
irradiation provided by a combination of cool-white fluorescent
and incandescent lamps [PPF (400-700 nm) = 49 µmol·s -1·m-2

(3.5 klx)].
The experimental design was a randomized complete block

with a factorial arrangement of treatments (three durations of
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H2O 2 treatment × four BA levels) and two replications. Each
treatment combination consisted of six petri dishes containing
cotyledons of four seeds. Due to contamination. some petri dishes
were discarded, resulting in unbalanced data.

The number of shoots per embryo was recorded 10 weeks
after the experiment was initiated. Means were calculated by
petri dish and then by replication. Data were subjected to mul-
tiple regression analysis to determine relationships between du-
ration of H2O2 treatment, BA concentration, and shoot induction.

Rooting of shoots and acclimation of plantlets–Expt. 2. Fol-
lowing recording of the number of shoots per embryo, shoots
were excised and placed on secondary medium (described in
Expt. 1) for further elongation. Shoots ≥1 cm were, placed
vertically in 60 × 20-mm plastic petri dishes containing 10 ml
of a modified half-strength GD medium (described in Expt. 1)
of 1% sucrose and 0.8% agar and supplemented with the fol-
lowing concentrations of IBA: 0, 5, 10, 20, or 40 mg·liter -1.
The pH of the media was adjusted to 5.5 before autoclaving.
The experimental design was a randomized complete block with
five IBA treatments and two replications. A replication con-
sisted of 17 petri dishes for an IBA treatment, and each dish
contained three shoots. After 14 days, shoots were transferred
to the same medium lacking IBA. Shoots remained on medium
lacking IBA for 8 weeks, including one transfer to fresh medium
after 4 weeks. During rooting, cultures were maintained at 22C
under a 12-h photoperiod provided by a combination of cool-
white fluorescent and incandescent lamps [PPF (400-700 nm)
= 37 µmol·s -1· m-2 (2.8 klx)].

Ten weeks after the experiment was initiated, we recorded
the number of primary roots ≥1 mm in length. Any shoot hav-
ing one or more roots was classified as rooted. Means were
calculated by petri dish and then by replication. Data were sub-
jected to regression analysis.

Following rooting, plantlets were transferred to 0.15-liter plastic
pots containing a sterile medium of 1 peat :1 vermiculite (v/
v). Initially, high humidity was maintained by misting the plant-
lets daily with water and enclosing them in sealed plastic bags.
Plantlets were maintained at 22C under continuous irradiation
provided by a combination of cool-white fluorescent and incan-
descent lamps [PPF (400–700 nm) = 47 µmol·s -1· m-2 (3.3
klx)]. Plantlets were gradually acclimated to lower humidity and
transferred to a greenhouse. During acclimation, plantlets were
fertilized twice weekly with half-strength Hoagland’s solution
(Hoagland and Arnon, 1950).

Results

After 2 weeks on shoot induction medium, cotyledons appeared
swollen and meristematic areas were evident (Fig. 1A). During
the 4 weeks following transfer to secondary medium, meristematic
areas began to differentiate into shoots. Ten weeks after Expt. 1
was initiated, shoots were excised from cotyledons (Fig. 1B) and
transferred to secondary medium for further elongation.

Influence of BA concentration and duration of H202 treatment
on shoot induction—Expt. 1. Both BA concentration and du-
ration of H2O2 treatment significantly influenced shoot produc-
tion, and a significant interaction resulted (Fig. 2). Regardless
of length of exposure to H2O 2, shoot regeneration increased
linearly with increased BA concentration, although the degree
of increase was affected by length of H2O 2 treatment. Differ-
ences between duration of H2O 2 treatment were more pro-
nounced on medium containing low (0.5 and 1 mg·liter-1, than
high levels of BA (5 and 10 mg·liter-1). With increased treat-
ment duration (6 to 9 days), shoot proliferation declined more
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dramatically for cotyledons on medium containing BA at 1
mg·liter-1 than for cotyledons on medium containing higher BA
concentrations (Fig. 2).

Rooting of shoots and acclimation of plantlets–Expt. 2. Per-
cent rooting of shoots not treated with IBA was 3% and in-
creased to ≈50% for concentrations of 5 to 40 mg·liter-1 (Fig.
3A). A similar relationship was noted for the number of roots
per rooted shoot, except an increasing linear response occurred
for concentrations of IBA at 5 to 40 mg·liter-1 Fig. 3B).

After transfer of pantlets to the peat–vermiculite medium,
root and shoot growth continued. Plantlets acclimated easily to
environmental conditions in the culture room and later to green-
house conditions, and nearly all survived.

Discussion

The pattern of growth and differentiation of adventitious shoots
on cotyledons of Virginia pine is consistent with reports of other
Pinus spp. using cotyledons as explants (Amerson et al., 1988;
Franco and Schwarz, 1985; Perez-Bermudez and Sommer, 1987).
Changes occur in surface morphology as a result of cytokinin
treatment, and upon transfer to a medium lacking cytokinin,
shoots develop from meristematic areas (Fig. 1A). Following
excision from cotyledons, shoot, elongation continues.

Production of adventitious shoots on cotyledons of Virginia
pine was influenced by both BA concentration and duration of
364
H2O2 treatment (Fig. 2). High levels of BA (10 mg·liter-1) com-
bined with moderate to long exposures (6 to 9 days) to H 2O 2

resulted in greater shoot formation than a shorter exposure (3 days).
For low BA concentrations (0.5 to 1 mg·liter-1), short to moderate
treatment times (3 to 6 days) resulted in more shoots than a longer
exposure. With a moderate level of BA (5 mg·liter-1), the effect
of H2O2 treatment was less striking. Overall, shoot production was
greatest with cotyledons from seeds treated with H2O2 for 6 days
and placed on medium containing 10 mg BA/liter.

Cytokinin concentration and duration of germination also af-
fect the regenerative capacity of other coniferous species in vi-
tro. Pinus spp., including loblolly pine (P. taeda L.) (Mott et
al., 1977), Monterey pine (P. radiata D. Don) (Thorpe, 1988),
Calabrian pine (P. brutia Ten.) (Abdullah and Grace, 1987),
and Caribbean pine (P. caribaea Morlet) (Webb and Santiago,
1983), exhibit a similar response, although optimum cytokinin
concentration and germination time vary with species.

Shoot regeneration of Virginia pine increased with increasing
BA concentration (Fig. 2). Shoot production was greatest on
medium containing BA at 10 mg·liter-1. Although shoot lengths
were not recorded at the time of excision from cotyledons, shoots
were shorter and more difficult to handle than those at lower
BA concentrations. Since BA concentrations >10 mg·liter-1

result in stunted shoots for other species of pines, higher con-
centrations were not tested (Biondi and Thorpe, 1982; von Ar-
nold and Eriksson, 1981).

Although IBA was beneficial in stimulating both percent root-
ing and number of roots formed (Fig. 3), there is still room for
improvement. This is particularly evident for rooting percent-
age, since only 50% of shoots treated with 5 to 40 mg IBA/liter
rooted. Use of other auxins, alone or in combination with IBA,
or ex vitro rooting might lead to a greater response. Combina-
tions of auxins have proven more beneficial for such species as
Douglas fir, Monterey pine, Norway spruce [Picea abies (L.)
Karst], and pitch pine (Pinus rigidia D. Don) (Mohammed and
Vidaver, 1988). Also, different environmental conditions may
enhance rooting. Gasper and Coumans (1987) noted that re-
duced irradiance promotes root initiation, and high temperatures
(30C) aid initiation of root primordia, whereas lower tempera-
tures (25C) support root elongation.

We have shown that Virginia pine can be propagated by in
vitro techniques. Methods described herein are similar to those
reported for other Pinus spp. using cotyledons as explants. Al-
though basic procedures for tissue culture propagation of pines
are similar, some differences exist. For example, our results
indicate that the highest shoot production of Virginia pine oc-
curred using 10 mg BA/liter, whereas Abdullah et al. (1985)
reported 3 mg·liter-1 to be optimum for Calabrian pine. The
response, however, of explants to BA and H2O2 treatment might
vary depending on seed age and provenance and is worthy of
further study.
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