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Abstract 

In vitro shoot culture was applied to an Italian local cultivar Nebbiara of olive (Olea europaea L.) to preserve its 
endangered germplasm. This cultivar showed a notable difficulty for the in vitro establishment due to heavy pathogen 
contamination. Mercury chloride and sodium hypochloride in the sterilisation step and antibiotics in culture media 
allowed to overcome the problem. Proliferation of shoot apical bud on olive culture medium with 36 g dm-3 mannitol 
and 4.56 µM zeatin appeared very satisfactory. All the explants tested rooted during a subculture (1 month) preceeded 
by a 5-d long dark pre-treatment.  
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Olive is one of the most important fruit trees cultivated in 
the Mediterranean basin. It tolerates moderate unfavour-
able environmental conditions such as high summer 
temperatures and drought, and it has a good adaptation to 
different edaphic situations (ranging from heavy and 
clavey soils to light and sandy ones) and a long life 
(Rugini et al. 2000). 

For these characteristics olive cultivars have been 
cultivated for centuries in difficult agronomic areas, 
characterised for particular microclimates, where they 
expressed some peculiar phenotypical traits that, with 
time, resulted in an establishment of an ecotype. The 
local cultivars represent an interesting plant material not 
only for economical aspects but also as possible “gene 
banks” of biodiversity particularly important for stress 
tolerance studies.  

Many studies dealt with the possibility to use in vitro
culture methods to preserve endangered local cultivars 
from disappearance (Bajaj 1983, Grout 1990, Bekheet 
2000, Bekheet et al. 2002, Gagliardi et al. 2002, Wang 
et al. 2002). Recently, the establishment and in vitro
regeneration of olive has been attempted by some  

unconventional techniques, such as protoplast technology 
and haploid culture, to obtain genetic improvements 
through somaclonal variation (Mencuccini 1991, Rugini 
et al. 2000); Cell and tissue culture techniques, i.e.
somatic embryogenesis (Leva et al. 1995, Rugini and 
Caricato 1995), micropropagation (Rugini 1984) and 
callus cultures (Martino et al. 1999), have been applied to 
propagate selected clones or cultivars difficult to root 
with conventional techniques (Rugini et al. 1992, 
Briccoli Bati et al. 1999).  

The aim of this work was to evaluate the suitability of 
the in vitro culture technique to propagate and preserve 
the endangered olive cultivar Nebbiara. This cultivar is 
characterised by a fast and vigorous growth, a good 
productivity with a satisfactory fruit quality and a good 
tolerance to frost and it is cultivated for centuries in a 
narrow area of central Italy. 

Branches of the olive (Olea europaea L.) cultivar 
Nebbiara were collected in winter from seven fifty-year 
old field-grown trees. Current year shoots were 
defoliated, cut in 3 cm long nodal segments and washed 
for 30 min in running tap water. Axillary buds, excised  
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from nodal segments, and 3 cm long nodal segments were 
exposed to four different sterilisation procedures:  
1 - immersion in 70 % ethanol for 1 min and washing 
three times in sterile distilled water; 2 - immersion in 
70 % ethanol for 1 min, washing in sterile distilled water, 
then immersion in 15 % sodium hypochloride (7 % of 
active Cl) for 15 min and washing again three times in 
sterile distilled water; 3 - immersion in 0.1 % HgCl2 for  
5 min, washing in sterile distilled water, then immersion 
in 15 % sodium hypochloride for 15 min and washing 
again three times in sterile distilled water; 4 - as in 3 but 
with antibiotics (0.5 g dm-3 carbenicillin and 0.1 g dm-3

cefotaxime) added to initial culture medium. 
 After sterilisation, nodal segments and axillary buds 
were transferred to initial culture medium consisting in 
half-strength Murashige and Skoog (1962; MS) medium 
supplemented with 36 g dm-3 mannitol and 4.56 µM 
zeatin and cultured in glass tubes for a month.  

Shoot tips 3 cm-long were collected from established 
cultures and placed in two proliferation medium for 
1 month (subculture) with or without the excision of the 
apical bud: A - olive proliferation medium (Rugini 1984; 
OM) with 36 g dm-3 mannitol, 13.68 µM zeatin, 4.33 µM 
gibberellic acid (GA3) and 0.49 µM indole-3-butyric acid 
(IBA) and B - MS proliferation medium with 30 g dm-3

sucrose, 8.88 µM 6-benzylaminopurine (BAP), 4.33 µM 
GA3 and 0.49 µM IBA.  

To evaluate in vitro rooting capability of olive culture, 
shoot tips were placed in OM medium with half-dose 
macronutrients, 20 g dm-3 sucrose and 3.22 µM  

-naphthaleneacetic acid (NAA) for 1 month, and 
subjected or not to 5-d dark pre-treatment.  

Culture media were adjusted to pH 5.8 before the 
autoclaving at 121 °C for 25 min and solidified with 
0.8 % agar. Antibiotics were added to culture medium 
after autoclaving. Cultures were maintained in a growth 
chamber at 25 °C with a 16-h photoperiod (photon flux 
density of 40 µmol m-2 s-1).

All analyses were performed on at least five 
replicates. Each replicate consisted in a plastic vessel 
containing 9 shoots, except for sterilisation procedure. 
Data obtained were subjected to multiple range analysis 
of variance (ANOVA). Tukey’s test was used to compare 
means.
 All chemicals were purchased from Sigma (Milan,  

Italy) except for antibiotics (Duchefa, Haarlem, The  
Netherlands).  

The commonly adopted sterilisation procedures, i.e.
70 % ethanol or 70 % ethanol followed by 15 % sodium 
hypochloride, were unsatisfactory in both types of 
explants. The use of 0.1 % mercury chloride followed by 
15 % sodium hypochloride allowed a good percentage of 
survived explants (25 %), especially when antibiotics 
were supplied to culture medium (86 %). As expected, 
nodal segments resulted to be the preferable starting 
material but also excised axillary buds showed an in vitro
establishment, generally difficult to obtain in olive 
(Rugini et al. 2000). 

To overcome the strong apical dominance (Rugini and 
Panelli 1993), a stock of the explants were deprived of 
the apical bud (decapitated shoots). This technique is 
known to force the sprouting of axillary buds (Rugini 
et al. 2000), supporting cytokinin action, as other in vitro
culture factors do (Morini et al. 1991, Zacchini and 
Morini 1995). Explants grown on OM medium showed  
a better proliferation rate than those on MS medium 
(Table 1). The excision of apical bud promoted  
a remarkable enhancement of the number of the explants 
that presented axillary bud outgrowth in both media, 
confirming that this technique can ameliorate the 
proliferative capability of in vitro olive shoots. 

Media composition and apical bud excision notably 
affected also the length of the shoots grown from axillary 
buds (Table 1). Shoots grown in OM medium were 
longer than those grown in MS medium. Plantlets grown 
on MS medium showed a reduced number of internodes 
(data not shown). Apical bud excision allowed to obtain 
31 % of shoots longer than 3 cm, only in OM medium, 
indicating these conditions as very suitable for 
micropropagation of this olive cultivar. Moreover, 
explants grown in OM medium produced less basal 
callus, that is another desirable trait for in vitro shooting 
and rooting. 

Explants were exposed or not to a 5-d long dark 
treatment that was reported as beneficial to improve olive 
in vitro rooting (Rugini and Fedeli 1990). Data 
concerning the percentage of rooting shoots showed a 
remarkable rooting capability of Nebbiara explants 
(Table 2). A short period of dark exposure promoted root 
formation in all the explants tested. On the contrary, the  

Table 1. Shoot proliferation and shoot length after a subculture in two different proliferation media (OM, MS) with (-bud) or without 
apical bud excision (+ bud). Means  SE. Within raw, letters indicate statistically different values (Tukey’s test, P  0.05). 

 OM  MS  
 -bud +bud -bud +bud 

Proliferation % 82a 41b 44b 25c 
Length cm    2.57  0.22a   1.92  0.13b   1.15  0.09c   1.08  0.09c 
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Table 2. Rooting characteristics of olive shoots, after a 
subculture, in OM rooting medium with or without a 5-d dark 
pre-treatment. Within columns letters indicate statistically 
different values (Tukey’s test, P  0.05) 

 Rooting  Number of Mean length 
shoot %  roots shoot-1 mm

5-d dark  100a 3.33  0.28b 10.2  0.72a 
No dark    93b 4.54  0.35a 10.5  0.83a 

number of roots per shoot decreased in dark pre-treated 
shoots with respect to control ones exposed to 16-h 
photophotoperiod. No differences were found for that 
regards the mean length of roots. Rooting characteristics 
of Nebbiara explants appeared very satisfactory also in 
consideration of the successive critical step of ex vitro
transplantation (Fig. 1).  
 In conclusion, the in vitro shoot culture technique was 
successfully applied to cultivar Nebbiara for preserving 
its germplasm.  

Fig. 1. Rooting of Nebbiara shoots. 
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