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Abstract: Two tests (April and August) on cutting propagation of seven Mediterranean shrub species
(Arbutus unedo, Laurus nobilis, Myrtus communis, Olea europaea var. sylvestris, Phillyrea latifolia, Pistacia lentiscus
and Viburnum tinus) were carried out to compare rooting percentage of cuttings from shoots of mature plants
with those from rejuvenated plants (1.5-year rooted cuttings). Best rooting percentages were obtained by
rejuvenated material. Rejuvenated Laurus nobilis, Myrtus communis, Olea europaea, Phillyrea latifolin and
Viburnum tinus exhibited rooting percentages higher than 50%, whereas for Arbutus unedo, and Pistacia

lentiscus the percentages were lower.
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Introduction

Several Mediterranean shrub species can be propa-
gated asexually by cuttings and in vitro propagation
is possible for some species (Morini & Fiaschi 2000,
Nobre et al. 2000, Frau et al. 2001, Mereti et al. 2002).
However, in small nurseries with limited equipment,
in vivo vegetative propagation practices are still a
sensible choice.

Studies carried out on ornamental shrub species in-
vestigated the effect of different rooting factors, such
as growth regulators or other treatments, that could
improve the rooting probability of cuttings, with the
objective of developing mass propagation protocols
for nurseries (Morini et al. 2003, Frangi & Nicola
2004, La Viola et al. 2004). However, for some critical
species the rooting probability remained too low to
guarantee commercial interest.

In difficult-to-root species, rooting of cuttings can
be improved by rejuvenation, i.e. by transition from
the mature to the juvenile form of a plant (Green-
wood 1987, Hartmann et al. 2002). There are several
manipulation techniques which growers use to re-
tain juvenility (hedging, cutting plants back to the
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base and growth regulators applications) or to
induce it (successive grafting, chemical manipulation
or micropropagation). For example, in Eucalyptus x
trabutii rejuvenation was obtained with serial
grafting of mature forms (scion) onto seedling
rootstock (Siniscalco & Pavolettoni 1988).

So far, comprehensive studies on the role of rejuve-
nation for the propagation of Mediterranean species
are lacking. In this preliminary study we investigat-
ed the effect of a method of rejuvenation and of the
period of planting on the rooting probability of cut-
tings from seven Mediterranean species of major im-
portance for commercial nurseries. The aim of the
paper is to describe the main findings and to discuss
the development of further research on this topic.
Our hypothesis is that rejuvenated material for cut-
tings could increase the propagation success of some
Mediterranean shrub species significantly, yielding
success rates that guarantee a commercial interest.

Materials and methods

The following species were selected for the study:
Arbutus unedo L., Laurus nobilis L., Myrtus communis
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L., Olea europaea L.var. sylvestris Brot., Phillyrea latifo-
lia L., Pistacia lentiscus L. and Viburnum tinus L. These
represent natural components of the Mediterranean
maquis, but have also a relevance as ornamentals, i.e.
for cut foliage production (Cervelli & De Lucia
2004), or for restoration ecology purposes (Deidda &
Mulas 2004).

Approximately 20-year mature donor plants,
grown in the open of a nursery in Rome, were used
in spring (April 2004) for collecting semi-hardwood
cuttings (named “M”). These were obtained from
new shoots emerging at branches which were
pruned in the winter. In the same period other mate-
rial was collected from previously rooted cuttings
(juvenile donor plants, named “J”). This rejuvenation
method, described by Davies (1983) as “serial cut-
ting”, was used with some success for the difficult-
to-root cuttings of Quercus virginiana (Morgan et al.
1980). The juvenile donor plants (fig. 1), grown in an
unheated glasshouse, were 1.5 years old and were
frequently pruned to stimulate the emergence of
new semi-hardwood shoots. A second test was car-
ried out in mid-summer (August 2004) with the
same materials.

For each species and type of material, 48 cuttings
(fig. 2) were planted in alveolar containers filled
with propagation medium (peat and perlite 1:1 v/v)
and placed in enclosed frames covered with
polyethylene. Basal heating (minimum temperature
19° C) and mist irrigation were provided. Cuttings
were treated with 0.8% a-naphtalene acetic acid
(NAA) in powder formulation. NAA and IBA (in-
dole 3-butyric acid) are synthetic growth regulators,
which belong to the class of auxins. It has been re-

Fig. 2 - Semi-hardwood cuttings of
Arbutus unedo, Myrtus communis, Phillyrea
latifolia, Pistacia lentiscus, and Viburnum
tinus.

Fig. 1 - Rejuvenated donor plant of Pistacia lentiscus.

peatedly confirmed that auxin is required for initia-
tion of adventitious roots on stems and that the
development of the first initial root cells is depen-
dent upon either applied or endogenous auxin
(Hartmann et al. 2002). Nevertheless, the response to
auxin treatment is not universal (cuttings of some
difficult-to-root species still root poorly after treat-
ment with auxin). For general use, the treatment
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Tab. 1 - Rooting probability (%) for each combination of species, plant and material (mature plants: M,
rejuvenated material: J). Graphical summary of the data in fig. 3.

Species April August
M J M J
Arbutus unedo 0.0 (0.0,9.7) 44.4 (27.9, 61.9) 16.7 (6.4, 32.8) 50.0 (32.9, 67.1)
Laurus nobilis 0.0 (0.0, 9.7) 58.3 (40.8, 74.5) 75.0 (57.8, 87.9) 58.3 (40.8, 74.5)
Myrtus communis 58.3 (40.8, 74.5) 86.1 (70.5, 95.3) 88.9 (73.9, 96.9) 91.7 (77.5, 98.2)

Olea europaea v. 66.7 (49.0, 81.4)

sylvestris

Phillyrea latifolia 0.0 (0.0,9.7)
Pistacia lentiscus 0.0 (0.0, 9.7)
Viburnum tinus 16.7 (6.4, 32.8)

with auxins (IBA and/or NAA) is recommended for
the propagation of the majority of plant species
(Davis & Haissig 1990).

No randomization technique was adopted. For
each species, one half of a container was arbitrarily
assigned to M or ] cuttings, and the disposition of
the containers was chosen arbitrarily. Three months
later, cuttings were gradually exposed to lower hu-
midity reducing irrigation and opening the
polyethylene protection foil, to induce hardiness in
the rooted plants. After two weeks cuttings were in-
dividually checked to assess the presence of new ad-
ventitious roots.

100

100.0 (90.3, 100.0)

86.1 (70.5, 95.3)
22.2(10.1, 39.2)

75.0 (57.8, 87.9)

11.1 (3.1, 26.1) 100.0 (90.3, 100.0)

33.3 (18.6, 51)
0.0 (0.0,9.7)

58.3 (40.8, 74.5)

86.1 (70.5, 95.3)
77.8 (60.8, 89.9)

61.1 (43.5, 76.9)

Rooting probability was estimated for each species,
material type, and period, using descriptive statisti-
cal techniques. The estimated rooting probability is
reported together with exact binomial two-sided
95% confidence intervals.

Results

Rooting probability estimates and confidence inter-
vals for each species, material type and period are
shown in tab. 1, whereas fig. 3 provides a graphical
summary of rooting probability.

Arbutus unedo rooting percentage for M cuttings
was very low (0% in April, 16.7% in August, with
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Fig. 3 - Rooting probability (%), estimates and 95% confidence intervals for each combination of species,
plant and material. Point estimates for mature plants (M) are shown as white markers. Point estimates for
rejuvenated material (J), are shown in dark grey markers.
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Fig. 4 - Estimated rooting probability (%)
by species (Arbutus unedo, Laurus nobilis,
Myrtus communis, Olea europaea var.
sylvestris, Phillyrea latifolia, Pistacia lentiscus
and Viburnum tinus), material and period.
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confidence interval limits between 0.0 and 32.8%),
whereas ] material performed better (44.4 and 50.0%
respectively, ci. between 27.9 and 67.1%). Myrtus
communis M cuttings rooted well (58.3 and 88.9%, c.i.
between 40.8 and 96.9%), and ] cuttings gave even
better results in both periods (86.1 and 91.7%, c.i. be-
tween 70.5 and 98.2%). Olea europaea var. sylvestris
showed a similar trend: M cuttings (rooting 66.7 and
11.1%, c.i. between 3.1 and 81.4%) performed worse
than J cuttings (rooting 100% in both periods, c.i be-
tween 90.3 and 100%). Rooting of ] cuttings of
Phillyrea latifolia was markedly higher than M (86.1%
in both periods compared to 0 and 33.3% respective-
ly; confidence interval limits were between 70.5 and
95.3% compared to 0.0 and 51%). Pistacia lentiscus M
cuttings were the only ones not able to root whereas
J cuttings rooted in April (22.2%), and significantly
more in August (77.8%), with confidence interval be-
tween 10.1 and 89.9%. Finally, also in Viburnum ti-
nus, M cuttings (16.7 and 58.3%, c.i. between 6.4 and
74.5%) rooted less than ] (75.0 and 61.1%, c.i. be-
tween 43.5 and 87.9%). Laurus nobilis M cuttings
were unable to root in April but 75.0% rooted in Au-
gust (c.i. between 0 and 87.9%) whereas ] material
rooted equally in the two periods (58.3%, c.i. be-
tween 40.8 and 74.5%).

Estimated rooting probability by species, material
or period, averaged across all other factors, is pre-
sented in fig. 4. For all species, except Laurus nobilis
in the August test, the observed rooting probability
was higher for | cuttings compared to M ones. Arbu-
tus unedo and Pistacia lentiscus showed low rooting
percentages in comparison to the other species. Au-
gust was the best period for rooting for most species
except for Laurus nobilis and Viburnum tinus.
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Discussion

As already mentioned in the introduction, there
are several techniques to rejuvenate forest species.
The method we adopted for rejuvenating Mediter-
ranean shrubs through rooted cuttings which in turn
will produce new shoots for propagation material,
could be considered as a cultural practice for pro-
ducing stock plants.

Recent studies on vegetative propagation by cut-
tings of Mediterranean species doubted the possibili-
ty to develop protocols for difficult-to-root species,
as Arbutus unedo, Pistacia lentiscus and Phillyrea latifo-
lia, because of low and variable rooting success,
strongly depending on the production period (Mori-
ni et al. 2003, La Viola et al. 2004). Our results with
juvenile cuttings of these species, however, did not
exclude reaching, and in some cases exceeding, 50%
rooting. This percentage is considered the threshold
value of economic convenience for mass production
in nurseries (Hartmann et al. 2002). The effect was
consistent between the two periods. In any case, to
avoid rooting failures typical for mature plants mate-
rial (0%), the use of cuttings collected from rejuve-
nated plants seemed to be of crucial importance.

For Viburnum tinus and Laurus nobilis, species with
generally minor cutting propagation concerns, root-
ing percentages for rejuvenated materials were high-
er than 50%. Finally, Myrtus communis and Olea eu-
ropaea, as reported in the above mentioned studies,
are suitable for mass production by cuttings in nurs-
eries, but our observations showed that best perfor-
mances were recorded for juvenile material. In Myr-
tus communis the differences between the two types
of material seemed less important than in Olea.

The main findings of our research are consistent
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with several studies on forest species, which report-
ed that juvenile tissues developed adventitious roots
more easily (Bonga 1982, Maleike 1990, Sommer
1992). It is supposed that in the transition from juve-
nile to mature phase, specific genes are turned on or
off and can negatively influence rooting since certain
enzymes may or may not be produced (Davies 1993).
Nevertheless the primary control of rooting is still
unclear (Heuser & Witham 1993, Hartmann et al.
2002).

In our study, the period of rooting seemed to be
important for rooting success, although this was less
relevant for juvenile cuttings. For mature materials,
best results could be obtained in mid-late summer,
when in Mediterranean climate a second period of
growth starts with the first storm rains of August.
For juvenile cuttings this effect seemed to be less im-
portant, maybe because donor plants were grown in
the glasshouse, in more homogeneous environmen-
tal conditions. This difference in growing conditions
of donor plants could bias to some extent the results
of the study. Research has shown that the inherent
rooting potential of shoots can be raised by treat-
ments applied to stock plants, i.e. by general or local-
ized dark treatment or by maintaining stock plants
under a high carbohydrate/high nitrogen level. Al-
though Heide (1968) evidenced a complex interac-
tion between temperature and stock plant photoperi-
od on the level of endogenous auxins and other hor-
mones, the effects of the air temperature on stock
plants appears to play a minor role in the ease of
rooting of cuttings (Hartmann et al. 2002). Neverthe-
less, the evaluation of different growing conditions
of donor plants could be the aim of further research.

The exploratory nature of our study must be un-
derlined. The study was carried out on a limited
range of genotypes and on a total number of 48 cut-
tings for material/species. Further research is needed
to investigate the relevance of the genotype factor,
which may play a crucial role for propagation suc-
cess because of the high variety of ecotypes in
Mediterranean ecosystems.

Conclusion

The study underlined relevance of juvenile materi-
al for rooting success in propagation by cuttings of
Mediterranean shrub species. The more interesting
consequences, from the view point of nursery indus-
try, were related to species, as Arbutus unedo and
Pistacia lentiscus which are often difficult to propa-
gate even by seed. A better definition of mass proto-
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cols by using juvenile plant stock material, the use of
different growth regulators and the clarification of
the role of genotype factor seems to be a priority for
further research.
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