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Abstract. A first attempt to determine the effect of vigor and parents on the length of the
juvenile period of olive seedlings is here reported. Vigor seems to have a significant influ-
ence on the percentage of flowering seedlings, especially in the first 2 years of bearing. The
different parents used have produced differences in the juvenile period of their descendants.
A correspondence between the length of the unproductive period of the parents and the
length of the juvenile period that they transmit to their descendants has been observed.
The seedling forcing growth protocol described here has been able to produce flowering
seedlings 28 months after germination, with >93% of seedlings flowering 65 months after

germination.

The length of the juvenile period has been
traditionally one of the main drawbacks of fruit
tree breeding (Hackett, 1985; Visserand Schaap,
1967). In fact, “a long juvenile period tries
breeder’s patience and weights on his orchard
budget” (Visser et al., 1976). Fruit characteris-
tics can only be evaluated once flowering and
fruiting have been established; therefore, the
cost of cultivar improvement is in almost direct
proportion to the length of the juvenile period
(Hansche, 1983).

Two of the main factors reported to influ-
ence the length of the juvenile period are the
parents and the seedling vigor. The adequate
choice of parents has demonstrated to be of
great importance for the reduction of juvenile
period in apple, pear (Bell and Zimmerman,
1990; Visser, 1976) and peach (Hansche, 1986),
since the heritability of this character seems to
be predominantly additive. In this sense, new
strategies of associations between molecular
markers and genes controlling the length of the
juvenile period have also been attempted (Li-
ebhard et al., 2003). Vigor has been considered
very important for the beginning of flowering of
seedlings in fruit breeding programs (Wareing,
1959; Zimmerman, 1972). Fruit tree species
need a minimum vegetative growth and height
to reach the adult phase and then the ability to
produce flowers (Visser, 1965, 1970; Zimmer-
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man, 1971). A negative relation between vigor
and juvenile period has been reported in apple
(Visser, 1970; Way, 1971) and pear (Zimmer-
man, 1977).

In olive, the juvenile period is longer than in
other fruit tree species (Humanes et al., 1967,
Natividade, 1956; Rugini, 1990). Bellini (1993)
showed thatonly 20% of seedlings from crosses
among different olive cultivars reach flowering
12-13 yearsafter seed germination. This may be
a reason why there have been so few efforts to
produce new olive cultivars able to replace the
centennial ones cultivated today (Bellini et al.,
2002; Lavee et al., 2003), despite of the social
and economical importance of olive growing
in the Mediterranean Basin. Few attempts of
studying the juvenile period in olive have also
been reported (Lavee et al., 1996). In 1991, an
olive breeding program started in Cordoba,
Spain (Rallo, 1995). One of the objectives of
this program was to shorten the juvenile period
of olive seedlings, thus allowing agronomic
selection in a short period of time.

In the framework of this program, the aim of
this work was to evaluate the influence of tree
size and parents on the length of the juvenile
period of olive seedlings, so far not described
in the literature.

Material and Methods

The seedlings used in the present study came
from the mentioned olive breeding program of
Cordoba. A forcing growth protocol is used, in
this program, to shorten the natural long juvenile
period of olive. The techniques used here are
similar to those reported for apple (Aldwinckle,

1975; Fisher, 1994), crabapple (Zimmerman,
1971)and pecan (Thompson and Grauke, 2003)
to reach quickly the minimum size necessary
to attain the adult phase.

Crosses, germination of seeds and green-
house growth. Seedlings from the crosses and
selfings of the nine possible combinations of
the olive cultivars ‘Arbequina’, ‘Frantoio’, and
‘Picual’, carried out in 1992 and 1993 were
used for all the experiments. Crosses were
made by applying male pollen to female bagged
branches. Naked seeds from fruit, harvested in
November of 1992 and 1993 respectively, were
stratified in Petri dishes filled up with wetted
perlite (40 g of perlite and 100 ml of water) at
14 to 15 °C in the dark for 45 d. Germinated
seeds (radicule of the 75% to 80% of the seeds
longerthan 5 cm)were grown into 0.3-Lvolume
pots in growth chamber. After 45 d of growth,
they were transplanted into 9-L volume plastic
pots filled up with a mixture of 2 sand : 1 peat
and placed in the greenhouse. To force seed-
ling growth, drip fertirrigation were applied,
temperature was controlled (22 °C on average)
and continuous light was ensured with metallic
halogen lamps. Also with that purpose, lateral
shoots were pinched off when they reach more
than 10 cm long. Shoots inserted in the main
stem higher than 160 cm were left unpruned in
order to form the future canopy. This forcing
protocolis consequence of previous experiments
(Santos-Antunes, 1999).

Field growth. Forced seedlings of the men-
tioned crosses done in 1992 and 1993 were
transplanted into the field in two consecutive
years. Thus, there were two trials. In trial 1,
seeds from the crosses and selfings of the nine
possible combinations of the three olive cultivars
were germinated in November 1992 and planted
in open field in April 1994, with a total of 288
plants. In trial 2, seeds from all combinations
except ‘Picual’ selfing were germinated in
November 1993 and planted in February 1995,
with a total of 96 plants. Trees were planted at
1.5 m distance between trees in a row and 3.5
m between rows. In trial 1, the lateral shoots
were totally pruned up to 160 cm height from
the beginning of plantation. In trial 2, 10 cm of
lateral shoots were kept, during the first 2 years
of field growth, from 100 to 160 cm height and
then removed. The experimental design was
randomized blocks with four replications and
eight plants per elementary plot in trial 1, the
same with three replications and four plants per
elementary plot in trial 2.

Data analysis. Flowering was evaluated in
all the seedlings for the first 4 years after trans-
planting into the field. Four levels of amount of
flowering wererecorded: 0 =absence, 1 =few, 2
=mediumand 3 =high. Thisallowed the estima-
tion of flowering index as the average amount of
flowering per elementary plot. Trunk girth was
recorded, at 1 m above ground, in November
preceding the first four flowerings.

Trunk girth of flowering and non-flowering
seedlings was compared for the first 4 years
of bearing.

The two trials considered in this study were
compared for the mentioned measurements.

Analysis of variance was performed to testthe
effect of the female parents on the percentage of
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Table 1. Comparison of trials 1 and 2 for the mean trunk girth, mean percentage of adult seedlings and
mean amount of flowering. Standard errors of elementary plot means have been used to calculate

differences between means.

Months Trunk girth Adult Amount of

from (cm) seedlings” (%) flowering
germination 1 2 1 2 1 2

29 3.7+0.1 58+0.2 0.8+0.1 15.8+0.5 0.03+£0.01 0.39+0.08
41 8.4+0.2 123+04 51.5+0.5 533+0.6 0.73+0.08 0.52+0.05
53 15.0+03 188+05 788+04 91.6+04 0.63+0.04 1.80+0.15
65 18.6+03 249406 934+02 98.7+02 192+0.11 145+0.12

“Data has been transformed for calculate standard errors using arcsine of root square and back-transformed

to be presented in the table.

col here reported facilitates olive
breeding, sinceitpermitstohavea

relative reduced generation time.
In fact, the juvenile period could

take>12 yearsinnormal field con-
ditions (Bellini, 1993). Lavee et

al. (1996) obtained first flowering

4 years after germination by forc-
ing growth in open field. Here we

were able to reduce this period to
29 months by greenhouse forcing

growth. Similar methodologies
65 have been used in several fruit
species, as mentioned in materials
and methods.

Mean trunk girth of seed-
lings flowering for the first time

was significantly higher than of
nonflowering seedlings, in the

first 2 years of flowering (Fig.
1). This occurred in the two

trials evaluated. This indicates
that there is a consistent relation

between vigor and the length of
the juvenile period in olive, as

has been previously reported in
apple (Visser, 1970; Way, 1971),

Trial 1
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Fig. 1. Comparison between flowering seedlings
for first time (black) and not flowering seed-
lings (white), for the mean of trunk girth (cm)
measured in November before flowering. Data
are presented for the first four flowering seasons
and in the two trials studied. Different letters
indicates significant differences (LSD, p <0.05)
within months from germination.

adult seedlings per elementary plot (previously
transformed by arcsine of root square) and on the
flowering index. Male effect was not analyzed
as there were evidences of contamination in the
crosses performed (De la Rosa et al., 2004).

Results and Discussion

Inthe two trials evaluated, the first flowering
occurred 29 months after germinationand >93%
of the seedlings flowered (reached the adult
phase) 65 months after germination (Table 1).
The second trial showed a higher mean vigor
the 4 years studied. This was correlated with a
higherpercentage of seedlings reaching the adult
phase. Although the data of more trials would
be needed to confirm this correlation, these data
are consistent with similar results reported in
pear (Zimmerman, 1977). The results obtained
indicate that the seedling forcing growth proto-
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and pear (Zimmerman, 1977). No
65 significant correlation was found
between trunk girth and amount

of flowering (data not shown).

Female parent genotype also influenced the
length of the juvenile period, with ‘Arbequina’
and ‘Picual’ producing seedlings with shorter
average juvenile period than ‘Frantoio’ (Fig. 2).
Differences were slightly more evident in trial
1 than in trial 2 maybe because of the higher
number of seedlings in the first one. Female
influence on the flowering index was more
apparent, with ‘Arbequina’ producing higher
flowering index than ‘Picual’ and this higher
than ‘Frantoio’ (Fig. 3). In trial 2 no differences
were found between ‘Arbequina’ and ‘Picual’
seedlings maybe due, again, to the lowernumber
of seedlings evaluated.

The effect of the parents on the length
of the juvenile period has been previously
reported for other fruit tree species (Bell and
Zimmerman, 1990; Hansche, 1986; Schmidt,
1976, Visser, 1976). Furthermore, an average
reductioninthejuvenile period may be expected
in successive selection cycles, as has been sug-
gested in other species (Hansche, 1986; Visser,
1976), or, at least, an increase in the percentage
ofadults bearing seedlings the first year of flow-
ering. That would facilitate the selection of new
olive cultivars from cross breeding avoiding the
long juvenile period of seedlings.

There is also a correspondence between the
length of the unproductive period of the three
cultivarsused as parents (‘Arbequina’< ‘Picual’
<‘Frantoio’)and the length of the juvenile period
thatthey transmitto their seedlings. ‘ Arbequina’
confers on the seedlings a short juvenile period,
while ‘Frantoio’does the opposite. This suggests
arelationship between these two characteristics.
This relation between the length of the juvenile
period of seedlings and the unproductive period
ofthe parenthas previously beenreported in pear
(Visser, 1965; Vondracek, 1976). This makes
the selection of parents with short unproduc-
tive period of double interest: the generation
time in the breeding program will be shorter
and the new cultivars released should have
a shorter unproductive period. This is a very
interesting character in olive where the length
of the unproductive period in most cultivars is
usually longer than 4 to 5 years (Del Rio and
Caballero, 1994).

In conclusion, the results obtained indicate
that both vigor and parents seems to have influ-
ence on the occurrence of the first flowering,
i.e., on the length of the juvenile period. The
forcing ofthe seedling growth in the greenhouse
jointly with the adequate use of parents, as ‘Ar-
bequina’, canshorten considerably the length of
the juvenile period in olive and thus facilitate
the progress of the breeding programs.
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the percentage of adult seedlings per elemen-
tary plot in plantation 1 and 2. Different letters
indicates significant differences for angular
transformed data (LSD, p < 0.05) within months
from germination.
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Fig. 3. Influence of the female genitor (‘Arbequina’
= white, ‘Frantoio’ = gray, ‘Picual’ = black)
on the mean flowering index per elementary
plot in trials 1 and 2. Different letters indicates
significant differences (LSD, p < 0.05) within
months from germination.
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