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In vitro shoot regeneration from olive cultivar tissues
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Abstract

Petioles, leaf discs and midribs of several olive (Olea europaea L.) cultivars, collected from potted
greenhouse plants, field-grown and in vitro shoots, were used to test their morphogenic capacity.
Adventitious shoots were induced only in petioles from in vitro-grown shoots of cultivars Moraiolo,
Dolce Agogia and Halkidikis, grown on Olive Medium (OM) plus 18 uM zeatin within 4 to 5 weeks.
Regeneration was achieved, both on Murashige and Skoog (MS) and on modified OM, only in the
dark. The highest regeneration was achieved directly from the proximal part of the petioles after 2 to 3
weeks in media containing 5 to 40 pM thidiazuron, or with both 10 M 2-isopentenyladenine +2.2 uM
6-benzyladenine with or without low auxin concentration (not more than 2.5 pM). A few adventitious
shoots were also regenerated from cailus when it was shifted from auxin and cytokinin media to
cytokinin only medium. The regeneration potential was higher in petioles collected from apical nodes
than from basal ones. The adventitious shoots were transferred to solid half-strength MS medium
supplemented with 4.5 pM zeatin for further development. Several regenerated shoots were rooted and
the plantlets hardened in the greenhouse. No apparent differences regarding morphological aspects
were observed among the regenerated plantlets or with those obtained by stimulation of axillary buds.

Abbreviations: BA - 6-benzyladenine, IBA - indole-3-butyric acid, NAA - 1-naphthaleneacetic acid,
TDZ — thidiazuron (N-phenyl-N’-1,2 3-thidiazol-5-ylurea), 2iP ~ 2-isopentenyladenine, MS —~ Murashige
and Skoog medium, 1/2 MS - half strength MS, OM - Olive Medium, BN - Bourgin & Nitsch

Introduction Benbadis 1988). Somatic embryogenesis was also
achieved but only from immature zygotic em-

The genetic improvement of olive (Olea bryos (Rugini 1988) or from seedling root callus

europaea L.) using both conventional and non-
conventional methods is just at the beginning
(Scaramuzzi & Roselli 1986; Rugini 1986; Rugini
& Fedeli 1990). Both methods present difficulties
due to the long juvenile period, the high
heterozygosis of species and because in vitro
regeneration from tissues or calius has not yet
been achieved. Only a few reports are available
on olive shoot regeneration and they all concern
juvenile tissues, e.g. hypocotyls (Bao et al. 1980)
and mature cotyledons (Rugini 1986; Canas &

(Rugini 1986). In other woody species, regenera-
tion was usually achieved by using leaf discs
(James 1987) or, to a lesser extent, by leaf
petioles (Stamp et al. 1990). As described in
almost all papers, the shoots usually arise direct-
ly from tissues or rarely from callus, because cell
regeneration capacity is usually lost after de-
differentiation of callus. In olive, preliminary
results on in vitro regeneration of cultivar tissues
have been reported by Mencuccini & Corona
(1990), showing a potential capacity of this
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species to regenerate. This paper reports on
several attempts of shoot regeneration in olive
cultivars, in particular shoot regeneration and
plant recovery from olive leaf petioles.

Materials and methods
Plant material

The explants used for these experiments were
collected from:
— 1-year-old greenhouse-grown potted plants, cv

Cipressino;

— 10-year-old field-grown plants of cv Moraiolo
and Dolce Agogia;
—in vitro-cultured shoots of the cv Moraiolo,

Dolce Agogia and Halkidikis.

Petioles, leaf discs and midribs were used to test
the morphogenic capacity. Explants from green-
house and field-grown plants were obtained by
surface disinfesting the single nodes for 20 min in
a solution containing 6% sodium hypochlorite
plus 3 drops of Tween 80 per 100 ml, then rinsing
three times in sterile distilled water.

In all experiments the explants were collected
from in vitro growing shoots that had already
been established in vitro 5 to 6 years before on
OM medium, with 40-day subcultures of one-
node explants under environmental conditions
reported previously (Rugini 1984). The leaf
petioles were isolated from actively growing 28-
day-old cultures with great care to exclude adja-
cent axillary buds, and placed on the medium in
an horizontally oriented position in order to
determine the origin of shoots. Leaf discs were
made with a 7mm borer in the middle of the
lamina, while the midribs were isolated by two
longitudinal and parallel knife cuts leaving only
1-2 mm of leaf blade on both sides. The midribs
were tested because it is known that shoots often
arise near them. This was attempted to avoid the
adjacent non-morphogenic tissues from inhib-
iting morphogenesis. Both kinds of explants
were placed with the abaxial surface in contact
with the medium. In an attempt to compare
regeneration capacity of explants in different
positions along the shoot, one experiment was
carried out by using petioles collected separately
from the last three apical and three basal nodes.

In all the other experiments, all the explants
collected from whole shoots were randomly
mixed.

Media environmental conditions and treatments

Three basal media for regeneration experiments
were used: 1) half-strength MS (Murashige &
Skoog 1962), 2) fuli-strength MS and 3) OM
(Rugini 1984). The latter was modified by re-
placing the macroelements with those of BN
(Bourgin & Nitsch 1967) and supplemented with
1gl17" casein acid hydrolysate. Al the basal
media were supplemented with 2% sucrose. The
pH was adjusted to 5.5 before adding 0.7% agar
(Difco Bacto) and autoclaved at 121°C for
15 min. Each treatment included 5 petri dishes
(25 X 90 mm) with 25 ml medium, containing 8
explants, for a total 40 explants for each treat-
ment. The cultures were placed in a growth
room at 23 = 1°C, and according to the experi-
ments, in the dark or in a 16-h photoperiod,
under cool white fluorescent lamps at 40 pmol
m~> s”'. All data were subjected to an analysis
of variance. This experimental scheme, as well as
the environmental conditions, were used for all
the experiments. The regenerated shoots were
rooted singly in 120 X 12mm test tubes with
aluminium screw caps, containing 5 ml medium.
The medium contained half-strength BN mac-
roelements, BN microelements and vitamins,
4 uM NAA and 2% sucrose. The cultures were
rooted under 16-h photoperiod. The plantlets
were then transferred to pots containing peat
moss and perlite (1:1, v/v) for acclimatization.

Experiment 1

In this experiments the petioles and leaf discs of
1-year-old greenhouse-grown and 10-year-old
field-grown plants were tested for their mor-
phogenic capacity. Field-grown plant petioles, of
cultivars Moraiolo and Dolce Agogia, collected
30 days after full-bloom, were tested in an MS
basal medium supplemented with factorial
combinations between NAA (0, 1.25 or 5.0 uM)
with TDZ (0, 1.0, 5.0 or 10.0 uM), and in a
modified OM medium plus 10uM 2iP and
2.2 pM BA with or without 2.5 uM IBA.
Greenhouse potted-plant petioles, from cv



Cipressino, collected in April during active grow-
ing, were tested on the modified OM medium
and growth regulator combination. The petioles
collected from the three apical nodes of the
lateral shoots were maintained separated from
those of the three basal ones. The cultures were
grown either in the dark or in 16-h photoperiod.

Experiment 2

Leaf discs and petioles from in vitro-grown cv
Moraiolo were tested, both in half-strength and
full-strength MS medium, both supplemented
with the factorial combinations between TDZ (0,
0.1, 1.0, 5.0, 10.0 or 20.0 pM) and NAA (0, 2.5,
5.0, 10.0 or 20.0 uM). The cultures were either
grown in 16-h photoperiod or in the dark.

Experiment 3

According to the resuits obtained with the previ-
ous experiment, leaf petioles of 3 cultivars
(Moraiolo, Dolce Agogia and Halkidikis) were
tested only in MS full-strength medium sup-
plemented with factorial combinations of growth
regulators between NAA (0, 1.25, 2.5 or
5.0 uM) with TDZ (0, 5.0, 10.0, 20.0, 40.0 or
80.0 uM) or with the same concentration of
NAA as above with BA (0, 2.5, 5.0 or 10.0 uM).
The cultures were only grown in the dark.
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Experiment 4

This experiment on modified OM medium used
leaf discs, petioles and midribs to evaluate the
results obtained by using the in vitro-grown
cultivar Moraiolo. Two growth regulator combi-
nations: 10puM 2iP+22pM BA and 10 pM
2iP+2.2 uM BA +2.5 uM IBA were tested. In
this experiment, the petioles collected from the
last three apical nodes and those from three
basal ones were kept separately. All cultures
were grown in the dark.

Results

Explants from both field and greenhouse plants
did not produce adventitious shoots. The
petioles produced only a large amount of hard
callus in modified OM medium containing both
cytokinin and auxin. The callus transferred to
auxin-free medium continued to grown for only
5-10 days, then became brown. In auxin-free
medium with only cytokinin, they soon became
brown both in the light and in the dark. The leaf
discs rarely produced callus adjacent to the main
veins,

From in vitro-cultured olive shoots in all media
and conditions tested, the leaf discs and the
midribs did not regenerate any shoots. They

Table 1. Average shoot regeneration in darkness from leaf petioles and callus formation of three cultivars established in vitro.

Cultivars Growth regulators Basal media
(kM)
1/2MS MS Modified OM
Regeneration Callus Regeneration  Callus Regeneration Callus
(%) formation (%) formation (%) formation
Moraiolo Thidiazuron 5.0 0.0* 0/+ 18.7+1.0 0/+ - -
Thidiazuron 10.0 0.0 0/+ 11.2+1.0 0/+ - -
Thidiazuron 20.0 8.7+0.7 0/+ 10.0+0.9 0/+ - -
Thidiazuron 40.0 - - 8.7+09 0/+ - -
Thidiazuron 10.0 + NAA 2.5 0.0 ++ 10.0=0.6 ++ - -
2iP10.0+ BA 2.2 - - - - 17.5=0.7 0/+
2iP10.0+ BA2.2+1IBA2S5S - - - - 3.7+0.6 ++
Dolce Agogia Thidiazuron 10.0 - - 5007 0/+ - -
Halkidikis Thidiazuron 10.0 + NAA 1.25 - - 5.0+x09 + - -

Average of petioles collected from whole shoots of 6 to 7 nodes. Only the growth regulator combinations that gave regeneration is
reported. (0= no callus; + = small callus; ++ = large callus; — = no data)
*Numbers represent the mean = SE of two experiments of 5 replications each with 40 explants per treatment per experiment.

Each explant invariably gave only one shoot.
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Fig. 1. Regeneration from leaf petiole callus on medium
containing TDZ 10pM and NAA 2.5pM (cv Moraiolo).
(bar =0.12 mm)

produced callus around the cut surface only in
media containing both cytokinins and auxins; in
absence of auxin the explants became brown
before starting to produce callus or after a small
callus formation.

In contrast, the petioles were able to regener-
ate shoots. Table 1, in which only the growth
regulator combinations that induced differentia-

tion have been reported, shows that the percen-
tage of explants forming shoots was strongly
dependent on the cultivar, the cytokinin and
auxin concentration, and the light conditions.
The cultivar Moraiolo showed a greater regene-
ration potential than cv Dolce Agogia and cv
Halkidikis. In the light, regeneration was never
observed and auxin was essential to induce callus
production, which was hard and green.

In the dark, all petioles, within 5-7 days of
culture on media containing both cytokinins and
auxin, underwent a slight swelling in the distal
position and started to become somewhat white.
By two weeks, all explants that had survived the
initial culture period (more than 85%) showed
callus formation. Only 2-5% of these explants
regenerated shoots but only when the auxin
concentration was not more than 2.5 uM (Fig.
1).

In all basal media tested containing only
cytokinins (TDZ, 2iP + BA), only 30-40% of
the explants survived. By 15-20 days, adventiti-
ous structures started to show their proximal end
in a range of 5-40 pM concentration. After 3
weeks only one shoot from each explant was
visible, in presence or in absence of callus (Fig.

Fig. 2. Regeneration from leaf petiole in presence (A) and in absence (B) of callus, on auxin-free medium containing TDZ 5 pM

(cv Moraiolo). (bar =0.3mm in A, 0.6 mm in B)



Fig. 3. Shoot regenerated from leaf petiole on growth
medium (cv Moraiolo). (bar = 6.2 mm)

2). The regeneration was achieved in both MS or
modified OM media, while the half-strength MS
seemed to be less efficient (Table 1). In media
containing only BA, with or without auxin, no
shoot regeneration occurred (data not shown).
The regeneration response varied considerably
with the position of the petiole along the stem.
Petioles obtained from the three apical nodes
regenerated in a higher percentage (40 +2%)
than the basal ones (5% 1%) on OM modified
medium with 10 puM 2iP and 2.2 pM BA. When
2.5uM IBA was added to this medium, only
petioles from apical nodes regenerated shoots

Fig. 4. Plantlets regenerated from leaf petiole, established in
soil in the greenhouse (cv Moraiolo). (bar =2.7 cm)
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(2+1%). However, the number of shoots per
explant was invariably one.

Two weeks after regenerated shoots appeared,
having produced 2-3 nodes, they were trans-
ferred to the solid half-strength MS medium
supplemented with 4.5 uM zeatin under a 16-h
photoperiod for further development (Fig. 3).
They contained to grow, showing the same
behaviour as their mother plants, as far as
proliferation rate, rooting ability and soil adapta-
tion were concerned. The hardened plants, both
those regenerated directly from petiole tissue
and those regenerated from callus, showed an
identical morphology (Fig. 4).

Discussion

This study clearly shows that shoot regeneration
occurs only from in vitro growing shoots. At-
tempts to regenerate adventitious shoots from
leaf discs and petioles from rapidly growing field
or young greenhouse potted plants of the cul-
tivars tested were unsuccessful. At present, this
regeneration technique is dependent on the
possibility of establishing in vitro olive cultivars,
which, notwithstanding many attempts, is still
quite difficult for several cultivars (Rugini &
Fedeli 1990). In addition, regeneration efficiency
seems to be quite low, since it was only possible
to recover one shoot per explant. However, we
think that the percentage of petioles forming
adventitious shoots could be increased by im-
proving the in vitro shoot proliferation and
environmental growth conditions. Regeneration
from callus is still difficult; however, it was
possible to recover some shoots by switching the
petiole callus from the auxin and cytokinin
media to auxin-free-medium (data not shown).
A different response in regeneration capacity
among the cultivars has also been observed.
‘Moraiolo’ was more responsive than the other
two, ‘Dolce Agogia’ and ‘Halkidikis’. We are
sure that this difference should only be ascribed
to the different genotype, because the in vitro
cultures were initiated at the same time from the
same mature buds and maintained in the same
environmental and medium conditions. Since the
petioles from in vitro growing shoots are mor-
phogenically competent, as tissues from seed-
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lings (Canas & Benbadis 1988), contrary to those
from field and greenhouse explants, it seems that
mature cultivars need a period in vitro in order
to be rejuvenated.

Among several variables that could modify the
morphogenic response, darkness was essential
for successful regeneration, as was already ob-
served for somatic embryogenesis from imma-
ture zygotic embryos of olive (Rugini 1988). In
our experience up to now, even when light of
different wavelength was applied during the
shoot proliferation phase, no subsequent change
in the regeneration capacity of petioles, placed in
the dark, was observed; when light of different
wave length was applied during the regeneration
phase, the petioles did not show any regenera-
tion capacity as was found also with those placed
under white light (unpublished data).
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