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Abstract. Plant regeneration was obtained from adventitious hnds induced in isolated
cotyledons of Ttalian stone pine (Pinus pinea L.). The best results for bud induction were
obtained by using half-strength LePoivre medium with 4.5 Um 6-benzyladenine for 30
days. Shoot clongation was achicved in the same medium without growth regulators but
with the addition of (.5% activated charcoal. The induction medium was the hest also for
shoot multiplication, but it was neecessary to include suhcultures on elongation medium.
The slow elongation rate of adventitious shoots remains the greatest obstacle to multipli-
cation. Ront formation (15%) after 5 months was observed when shoots were cultured on
elongation medium for long periods.

Pinus pinea L. (Italian stone pine) is an Materials and Methods

economically important species in the Medi-

terranean region because of its ecological and
landscape significance, and its value in refor-
cstation. Pinus pineais also highly regarded in
Spain and Italy forits edible seeds. The species

Seeds of P. pinea were collected from
open-pollinated trees growing at the ENEA
research center in Casaccia (Rome) and stored
at 4 °C. After removal of the testa, the remain-

has been the subject of a few reports dealing
with in vitro propagation (Diamantoglouetal..
1990; Garcia-Fémizel al., 1994), Capuana and
Giannini (1995) published a protocol for in
vitro plantlet regeneration from colyledons,
The present research reports improvements to
previous protocols for . pinew by using modi-
fied LePoivre (LI?) medium, as employed in
tissue culture of other species of Pinus (Aitken-
Christie et al., 1988: Bergmann und Stomp,
1992; Rey el al., 1996).
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ing tissue was surface sterilized by immersion
in 2% sodium hypochlorite for 15 min, kept
overnight under tap water, and then soaked for
15 min in 6% H.0,. Allerwards they were
rinsed three times with sterile distilled water
and maintained for 48 h at 2-4 “C. Finally,
they were soaked again in 6% H,0, for 15 min
followed by two rinses with sterile distilled
watcr before extracting the embryos ascptically.

For bud induction, cotyledons were ex-
eised [rom embryos and placed horizontally
onhell-strength LP medium (1/2 LP), us modi-
fied by Aitken-Christie el al. (| 988), contain-
ing 4.5 pm BA (6-benzyladenine) and 3%
sucrose. After 13, 25, or 30 d. cotyledons were
transferred to 1/2 LP without growth regula-
tors supplemented with (.5% activated char-
coal (Sigma, St. Louis). Explants were trans-
ferred monthly to the same fresh medium. The
numbers of surviving and bud-forming c¢x-
plants were recorded 60 d alter culture initia-
tion, and the numbers of shoots per explant 90
d after culture initiation.

For shoot elongation, five media were used
by altering the concentrations of basal me-
dium (1/2 or 1/4 LP, without growth regula-
tors), activated charcoal (0.1%, 0.5%, or 1%),
and sucrose (2% or 3%). Elongation experi-
ments were performed using isolated shoots at
least 0.5 ¢m in length, The number of shuots
elongating at least 0.5 cm over their initial
length was recorded after 30 d.

Fig. 1. Adventitious shoot formation on excised cotyledons of Pinus pineq. Explants were cultured for 30
d on half-strength modified LePoivre medium containing 4.5 pv BA and then transferred to the same
medinm without BA containing 0.5% activated charcoal. (A) Bud induction after culture for 60 d. (B}
Shoot formation after cultare for 90 d. Bars = 0.3 em.
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Table 1. Effect of duration of exposure to 4.5 um BA on Pinus pinea cotyledon survival and

maorphogencsis in vitro.

Period of culture (days)

Exposure o cylokinin
L e

15

25

30

Surviving cotyledons?

60 90
Ma. shoots per

(%) surviving cotyledon
330 241N
42 Db 4.4 ab
¥5a 6.1 a

“All surviving cotyledons formed buds.

“Mean separation within columns by Duncan’s multiple range test, £ < 0.01.

Table 2. Percentage of elongation of Pinis pinea shoots grown for 30 d on modified LP
medium supplemented with varying levels of basal salts, activated charcoal, and

SUCTOSE.
Sucrose Activated charcoal Elongated
Salt dilution conen (%) conen (%) No, shoots shoots (%)
14 3 0.5 83 30 a*
1/2 3 0.5 143 44 5
3 0.1 78 28 h
3 1.0 82 24 he
2 ] 91 I7¢

‘Mean separation by Duncan's multiple range test, P < (0L01.

Fig. 2. Shool muldplication of Pinus pinea after 30 d on 1/2 LP medium with 4.5 pv BA, Bar =1 cm.

Shool multiiplication was accomplished
using two pratocols. In the first, isolated 0.5-
cm shoots were cultured vertically on 1/2 LP
with 4.5 or 25 pv BA and 3% sucrose, and
transferred every 40 d to the same fresh me-
dium. In the second, shoots were cultured
successively on these media for40d. followed
by culture on 1/2 LP without growth regula-
tors and with 0.5% activated charcoal (elonga-
tion medium) for 40 d.

All media were adjusted 1o pH 5.8 before
avtoclaving and were solidified with 0.8%
Difco Bacto-agar. Culture media were auto-
claved at 120 °C and 98 kPa for 15 min.
Culture vessels were plastic jars {70 x 35 mm)
containing 7 mL of medium. Cullures were
incubated in a growth chamber at 26 & 2 °C
day/20) £ 2 °C night temperature with a 16-h
photoperiod (cool-white light fluorescent
tubes, 60 pmolm s ).

Allexperiments wererepeated at east three
times with a minimum of 30 explants per
treatment and repetition. Every experiment
consisted of at least six replicates (jars) with
[ive explants each per treatment, cotyledons
from different embryos in the case of induc-
tion, or shoots for elongation and multiplica-
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tion. Duta were analyzed statistically using
one-way analysis of variance (ANOVA) and
the differences contrasted using Duncan’s
mulliple range test (P <0.01). Pereentage data
were canverted by arcsin transformation prior
to ANOVA,

Results and Discussion

Bud induction occurred in P. pinea cotyle-
dons without intermediate callus formation
(Fig. 1A). Exposure to 4.5 piv BA for 30 d
(Table 1) was optimum for explant survival
(85%) after culture for 60 d. All surviving
explants formed buds in all treatments tested.
The average number of buds per cotyledon
after exposure to BA for 30 d (19.7 £ 2.4) was
greater than previously reported (Capuana and
Giannini, 1995). Qur results indicate the great
morphogenic potential of these explants, as
well as the effectiveness of the LP medium on
P. pinea. After culture for 90 d (Fig. 1B), 6.1
shoots per explant were obtained following
the 30-d induction treatment (Table 1).

The percentage of elongated shoots dif-
fered among the five media used (Table 2),
Qur observations on adventitious shoot elon-

gation agree with those of Capuana and
Giannini (1995). The greatest percentage of
elongating shoots was obtained with 1/2 or [/4
LP without growth regulators plus (0.5% acti-
vated charcoal and 3% sucrose. The medium
chosen for subsequent experiments as the elon-
gation medinm was 1/2 LP.

Multiplication of shouots of P. pinea (Fig.
2) was similarly low alter one subculture on 1/2
LP with 4.5 pum (79% with 1.6 new shoots per
explant) or 25 pv BA (76% with 1.9). In
subsequent subcultures, both prolileration and
shoot length declined. Using the secand proto-
col, including subcultures on elongation me-
dium, the rate of proliferation increased to
94% on 1/2 LP with 4.5 pv BA, although the
number of shaots per explant did not increase.
This proliferation rate was maintainedfor three
subcultures. Proliferation might be improved
hy using only those shoots at least 1 cm in
length for multiplication, maintaining the
shorter ones in elongation medium. This view
is supported by Capuana and Giannini (1995),
who used for multiplication only shoots thal
were [-1.5 cm in length after elongating for
11-12 weeks.

Root formation was observed when shoots
were cultured on elongation medium for long
periods. The first rooted shoots were observed
atter 2-3 months of culture. After 5 months, 10
of 67 shools (15%) had rooled.

In conclusion, cotyledons of P. pinea pro-
duced high numbers of adventitious buds on
modified LP medium. This medium, in com-
bination with longer periods of shoot multipli-
cation, provides an improved protocol for plant
regeneration and micropropagation of this
species. The slow clongation rate of adventi-
tious shoots remains the greatest obstacle to
efficient shoot multiplication.
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