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Abstract The present work aims to study the induction of
somatic embryogenesis in cork oak (Quercus suber L.) from
immature zygotic embryos and young apical leaves obtained
from 2-month-old seedlings through acorn germination on
sterilized peat. The immature zygotic embryos were grown
for 1 month on the mineral solution of MS in the presence of
4.52 uM 2,4-D and 30 g/L sucrose. They were then transferred
to the same mineral solution with no added growth regulators.
In the third subculture, yellow somatic embryos, characterized
by two voluminous cotyledons, were differentiated from the
radicle of the immature zygotic embryos. The induction of
somatic embryogenesis in young leaves required a series of
transfers on different culture media containing 30 g/L sucrose
and 100 mg/L myo-inositol. Secondary or recurrent somatic
embryogenesis occurred within the immature somatic embryo
radicles after 1 month of culture on growth regulator-free
medium containing WPM macronutrients, MS micronutrients,
and vitamins.

Keywords Cork oak, Quercus suber L., Immature zygotic
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Introduction

Cork oak (Quercus suber L.) is a forest species playing
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a major role in many Mediterranean ecosystems. Besides,
this tree produces cork of economic value for the champagne
and wine stopper industry and many other manufactures,
contributing to the rural development in its natural area.
However, cork oak is a long life cycle tree with irregular
fructification seasonality and difficulty of seed conservation.
Furthermore, vegetative propagation of mature individuals
is not viable by classic methods. Thus, all these difficulties
have impeded the development of genetic improvement
programs for this species (Gomez-Garay et al. 2014).

Somatic embryogenesis provides a valuable tool that
allows a massive production of clones in a very short time
and from a minimal amount of plant material (Bonga 1991).
As well, this technique can resolve problems of yield and
intraclonal variability (Merkle 1995). The success of somatic
embryogenesis has been reported in a large number of forest
species (Dunstan et al. 1995; Thorpe et al. 1991). Secondary
or recurrent embryogenesis is a proliferative process by
which new embryos are developed from preexisting somatic
embryos (Hernandez et al. 2003a; Pinto et al. 2002; Pinto
et al. 2008; Puigderrajols et al. 1996). This step offers
somatic embryogenesis its potential for clonal mass pro-
pagation.

Somatic embryogenesis in cork oak was successfully
carried out from zygotic embryos (Bueno and Manzanera
1992; Bueno et al. 1992; El Maataoui and Espagnac 1989;
Manzanera et al. 1993; Pintos et al. 2008; Toribio 1986;
Toribio and Celestino 1989), internodes (El Maataoui and
Espagnac 1987; El Maataoui et al. 1990; Feraud-Keller et
al. 1989) and leaves (Fernandez-Guijarro et al. 1993; 1995;
Hernandez et al. 2003a).

In this work, we investigated the possibility of obtaining
somatic embryos from immature zygotic embryos, excised
at different growth stages, and from young leaves of cork
oak. We were also interested in the amplification of embryo-
genic lines by secondary embryogenesis.
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Material and methods

Plant material

Healthy acorns of cork oak (Quercus suber L.) from an
elite (+) tree were kindly provided by the AIN RAMI
Seed Conservation Center (Chefchaouen, Rif Occidental,
altitude 560 m, latitude 35°08'09" N, longitude 05°16'39"
W, mean rainfall 1400 mm and subhumid bioclimate in
fresh winter). Immature acorns were collected in September
and were stored in the dark at 4°C for one week. Mature
acorns were collected in November and were stored in
canvas bags in the dark at 4°C.

Somatic embryogenesis from immature embryos

Sterilization of immature acorns

The green immature acorns of 31 mm, free of their in
teguments, were superficially sterilized for 30 minutes in
a filtered solution of 7% calcium hypochlorite (Ca(ClO))
containing a few drops of Tween 80, followed by a 0.1%
Mercuric chloride solution (HgCL,) bath for 5 minutes. HgCl,
is then removed by three successive rinses of 5 minutes
each, in sterile distilled water.

Sterilization of embryonic axes

Embryonic axes of the cotyledons were aseptically isolated
and sterilized for 10 min with a 5% (w/v) filtered solution
of calcium hypochlorite containing a few drops of Tween
80, followed by three rinses with sterile distilled water of
about 5, 5 and 10 min.

Culture media

The nutrient medium used as a reference is composed of
Sommer macronutrients (Sommer 1975), Murashige and
Skoog (MS) micronutrients and vitamins (Murashige and
Skoog 1962), 100 mg/L. myo-inositol, 500 mg/L. glutamine,
30 g/L sucrose, and is solidified with 8 g/L. agar (Difco).
The embryonic axes were inoculated horizontally on agar
culture medium at the rate of one embryonic axis (6 mm
in length on average) per flask. The flasks, containing 40
mL of the nutrient medium were covered with aluminum
foil and closed with lids.

In this work, we also compared the reference medium
with other media by culturing isolated zygotic embryos at
different stages of development (young, intermediate and
old). Thus, Woody Plant Medium (WPM) (McCown and
Lloyd 1981), and MS macronutrients with MS micronutrients
were tested. The other components of the media are those

mentioned above. Among the auxins, only 2,4-D was used
at different concentrations (from 2.26 to 9.05 uM) for each
mineral solution. A combination of BAP (4.4 uM) and
2,4-D (4.52 uM) was also tested.

To these culture media, were added the following
cofactors: ascorbic acid (10.09 uM), nicotinic acid (8.1 uM),
glutamine (2.73 mM), calcium pantothenate (4.2 pM), pyri-
doxine hydrochloride (4.9 uM) and thiamine (3 pM).

Successive subcultures of the explants were carried out
at one-month intervals on the same base medium, with no
added growth regulators. The pH of the media was adjusted
at 5.4-5.5 after the addition of all the compounds including
growth regulators. Sterilization was carried out by autoclaving
the media at 120°C for 20 minutes.

Culture conditions

The lighting conditions of the culture room were 16 hours
of light and 8 hours of darkness per 24-hour cycle. The
illumination of 4000 lux (100 uM m” S']) was provided by
fluorescent tubes (Philips-40 W). The temperature was about
23 + 1°C during the day and 20 + 1°C at night.

Somatic embryogenesis from young leaves

Preparation of the explants

Limbs of apical leaves from 2-month-old seedlings, obtained
through mature acorns germination, were excised into pieces
of 1 to 1.5 cm with a scalpel.

Leaves sterilization

The leaves were superficially sterilized for 30 seconds in
70% alcohol, followed by 15 minutes bath in 10% (W/v)
calcium hypochlorite containing a few drops of Tween 80,
and 1 minute in 0.1 % (W/v) solution of mercuric chloride.
HgCl, was then removed by 5 successive rinses of 5, 5,
10, 10 and 15 minutes in sterile distilled water.

Culture conditions

After disinfection, the dorsal surface of leaves was deposited

in contact with the solidified medium, in flasks containing

about 20 mL of the medium covered with aluminum foil and

closed with lids. A series of experiments were carried out:

- For 8 days, the leaves are cultivated on the Gamborg
(BS) macronutrients solution (Gamborg 1966) diluted in
half without growth regulator and supplemented with 30
g/L of sucrose. The cultures are placed in the dark and
at 25°C.

- Then the cultures were transferred to Schenk and
Hildebrandt (SH) macronutrients (Schenk and Hildebrandt
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1972) or WPM, supplemented with 30 g/L of sucrose,
10 uM of NAA, and 10 uM of BAP, under the same
conditions as described previously.

- After 30 days, the leaves were transferred to light with
a photoperiod of 16 hours at 25°C, at a light intensity
of about 4000 lux (100 uM m” s'l). The culture medium
used consisted essentially of SH or WPM macronutrients
to which 30 g/L. of sucrose and reduced concentrations
of NAA (0.5 pM) and BAP (0.5 uM) were added.

- After one month, cultures were transferred to the same
medium with no added growth regulators and were
placed under the same conditions as above. The results
were evaluated after 32 days.

All the experimented media were supplemented with
MS micronutrients and vitamins, myo-inositol (100 mg/L),
and solidified with 0.6 g/L. of agar. The pH is adjusted at
5.4-5.6.

Statistical analysis

A completely randomized experimental design was adopted.
For each condition, 40 explants were used. The explants
with somatic embryos are counted. Each experiment was
repeated three times. The results of different experiments
were evaluated by the analysis of variance (ANOVA) and
the significantly different means were separated by Tukey
post-hoc test (p < 0.05).

Results

From immature zygotic embryos

Before culturing embryonic axes, we measured the different
characteristics of 20 immature acorns of the cork oak, taken
randomly from the AIN RAMI Seed Conservation Center.
The results obtained were summarized in Table 1.

The cultured embryos provide a response depending on
their degree of maturation. The young, still translucent
ones, react in 89.3 to 96.2% of cases by the production
of compact and friable calli that appeared from the second
subculture on the growth regulators free medium, all over
the surface of explants and more intensely in the
hypocotyl. However, not all embryos were able to develop
their roots. After the third transfer, 3.8 to 10.7% of the
explants turned brown and showed a necrosis (Table 2).

Elderly zygotic embryos (Table 3), which have acquired
a milky appearance, showing a presence of starch, led after
culture, in the presence of BAP, to 86 ~95% of germi-

Table 1 Morphological characteristics of cork oak immature acorns

Mean value CV (%)
Acorn fresh weight (mg) 40.1 £ 5.5 14
Acorn length (mm) 31.1 £ 1.8 6
Acorn maximum width (mm) 13.7 £ 0.9
Cup fresh weight (mg) 83 £ 2.1 26
Cup dry weight (mg) 42 + 0.7 18
Albumen fresh weight (mg) 119 £ 1.9 16

Embryonic axis fresh weight (mg) 0.14 + 0.03 22
Embryonic axis dry weight (mg) 0.03 + 0.01 29
Embryonic axis length (mm) 62 £ 0.6 10
Embryonic axis width (mm) 25+ 04 17

The data represent Mean = SE of replicates (n = 3); CV: coefficient
of variation.

nation. A small proportion (5~ 14%) produced cellular
proliferations essentially localized in the root tip. The calli
were very undeveloped, brown and friable.

In the absence of cytokinin, 31.8 to 51.3% of the explants
formed compact, friable and moderately developed calli,
mainly at the periphery of the root tip. Small percentages
(10.4 to 21.9%) of embryos developed short and slender
roots. The other explants remained quiescent and became
necrotic after the second transfer to the growth regulators
free medium of growth substances.

Taken from an intermediate stage, the embryos behave
differently depending on the mineral solution used (Table 4).
In Sommer and WPM macronutrients and in the presence
of 2,4-D solely, 70.9 to 78.4% of the explants produced,
at the end of the third subculture, brown, soft and less
developed calli that were located mainly at the hypocotyl
and sometimes at the root axis. The remaining explants
have developed slender roots and some cellular proliferations
at the hypocotyl.

These same observations were recorded for MS macro-
nutrients in the presence of high concentrations of 2,4-D
(6.78 and 9.05 puM). In the presence of 4.52 uM 2,4-D,
20% of the explants gave rise to somatic embryos, after
the third transfer to MS macronutriments with no added
growth regulators. Somatic embryos were essentially located
at the periphery of the root apex, which appeared to retain
the longest morphogenic ability (Fig. 1).

Decreasing the concentration of 2,4-D led to a reduction
of the percentage of explants forming somatic embryos at
the end of the third subculture (10% at 3.16 pM and only
5% at 2.26 puM). The yellow somatic embryos were char-
acterized essentially by two voluminous cotyledons and
roots attached to the explants that have had spawned them.
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Table 2 Behavior of immature zygotic embryos taken at the young stage after one month of culture on three media (WPM, Sommer,
and MS) with different concentrations of 2,4-D and BAP, and three subcultures for one month each on the same medium with no
added growth regulators

Medium 2,4-D BAP % Of % of . . % pf % of somatif: %. of.
(uM) (uM) mortality non-morphogenic calli rooting embryogenesis germination
0.00 0.0 100.0° 0.0° 0 0 0
226 0.0 5.7° 94.3° 0 0 0
3.16 0.0 4.9° 95.1° 0 0 0
WPM 452 0.0 4.7° 95.3 0 0 0
6.78 0.0 6.5" 93.5° 0 0 0
9.05 0.0 7.3 92.7° 0 0 0
452 44 8.1° 91.9° 0 0 0
0.00 0.0 100.0° 0.0° 0 0 0
2.26 0.0 6.7° 93.3° 0 0 0
3.16 0.0 5.0° 94.8° 0 0 0
Sommer 452 0.0 4.8 95.2° 0 0 0
6.78 0.0 74" 92.6° 0 0 0
9.05 0.0 9.1° 90.9° 0 0 0
452 44 9.6° 90.4° 0 0 0
0.00 0.0 100.0° 0.0° 0 0 0
2.26 0.0 6.6" 93.4° 0 0 0
3.16 0.0 6.3" 93.7° 0 0 0
MS 4.52 0.0 3.8 96.2° 0 0 0
6.78 0.0 7.9° 92.1° 0 0 0
9.05 0.0 9.8 90.2° 0 0 0
452 44 10.7° 89.3° 0 0 0

The data represent Mean of replicates (n = 3). Values in the same rows carrying different letters are significantly different between
treatments and compared by Tukey’s post-hoc test at p < 0.05.

Table 3 Behavior of immature zygotic embryos taken at the elderly stage after one month of culture on three media (WPM, Sommer,
and MS) with different concentrations of 2,4-D and BAP, and three subcultures for one month each on the same medium with no
added growth regulators

Medium 2,4-D BAP % of % of % of % of somatic % of
(uM) (uM) mortality non-morphogenic calli rooting embryogenesis germination
0.00 0.0 100.0° 0.0° 0.0° 0 0
2.26 0.0 49.1° 34.2° 16.7° 0 0
3.16 0.0 47.4° 35.4° 17.2° 0 0
WPM 452 0.0 2.2° 38.2° 19.6° 0 0
6.78 0.0 453° 36.8" 17.9° 0 0
9.05 0.0 48.8° 33.9° 17.3° 0 0
4.52 44 0.0° 5.0° 0.0° 0 95
0.00 0.0 100.0° 0.0° 0.0° 0 0
2.26 0.0 473° 32.1° 20.6° 0 0
3.16 0.0 459° 33.6° 20.5° 0 0
Sommer 4.52 0.0 0.7° 35.4° 21.9° 0 0
6.78 0.0 46.6° 32.2° 21.2° 0 0
9.05 0.0 47.1° 31.8° 21.1° 0 0
452 44 0.0° 14.0° 0.0° 0 86
0.00 0.0 100.0° 0.0° 0.0° 0 0
2.26 0.0 44.6° 43.1° 12.3% 0 0
3.16 0.0 439" 453° 10.8" 0 0
MS 452 0.0 38.3° 51.3° 10.4® 0 0
6.78 0.0 a4.7 44.5° 10.8" 0 0
9.05 0.0 46.9° 41.8° 11.3% 0 0
452 44 0.0° 10.0° 0.0° 0 90

The data represent Mean of replicates (n = 3). Values in the same rows carrying different letters are significantly different between
treatments and compared by Tukey’s post-hoc test at p < 0.05.
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Table 4 Behavior of immature zygotic embryos taken at the intermediate stage after one month of culture on three media (WPM,
Sommer, and MS) with different concentrations of 2,4-D and BAP, and three subcultures for one month each on the same medium

with no added growth regulators

Medium 2,4-D BAP % of % of . . % .of % of somatif: %- of.
(uM) (uM) mortality non-morphogenic calli rooting embryogenesis germination
0.00 0.0 100 0.0° 0.0° 0 0
226 0.0 0 75.8° 242° 0 0
3.16 0.0 0 73.4° 26.6° 0 0
WPM 4.52 0.0 0 70.9° 29.1° 0 0
6.78 0.0 0 76.2° 23.8° 0 0
9.05 0.0 0 75.4° 24.6° 0 0
452 44 0 37.3° 62.7° 0 0
0.00 0.0 100 0.0° 0.0° 0 0
2.26 0.0 0 71.5° 28.5° 0 0
3.16 0.0 0 77.2° 22.8° 0 0
Sommer 452 0.0 0 71.2° 28.8° 0 0
6.78 0.0 0 77.6° 22.4° 0 0
9.05 0.0 0 78.4° 21.6° 0 0
452 44 0 45.7° 54.3° 0 0
0.00 0.0 100 0.0° 0.0° 0 0
226 0.0 0 68.8° 26.2° 5 0
3.16 0.0 0 71.1° 18.9° 10 0
MS 4.52 0.0 0 58.2° 21.8° 20 0
6.78 0.0 0 72.7° 27.3° 0 0
9.05 0.0 0 75.4° 24.6° 0 0
452 44 0 45.7° 54.3° 0 0

The data represent Mean of replicates (n = 3). Values in the same rows carrying different letters are significantly different between

treatments and compared by Tukey’s post-hoc test at p < 0.05.

Fig. 1 Somatic embryos obtained from the culture of immature
embryonic axes on MS medium supplemented with 4.52 uM of
2,4-D followed by 3 subcultures on the same growth regulator-
free medium

After the fourth subculture, on the same medium, we
observed that the embryos deviated from their normal path
and began a process of vegetative multiplication. Thus, sev-
eral secondary somatic embryos, translucent in appearance,
appeared on the root of the primary somatic embryo. They
continued their normal growth and acquired a yellowish
color after only a few days. This process of multiplication
is called secondary or recurrent embryogenesis, and is
favored by a simple transfer to a growth regulators free
medium. However, once the primary somatic embryos become
green, the secondary embryogenesis ceases. We also noted

that the somatic embryos turn green and become necrotic
after few weeks. Thus, the mineral solution of MS was the
most adapted and the concentration 4.52 pM of 2,4-D was
the most suitable to induce somatic embryogenesis from
embryonic axes obtained from zygotic embryos at an inter-
mediate stage of maturity.

From young leaves

Excised limbs of apical leaves from 2-month-old seedlings
were used as explants for the induction of somatic embry-
ogenesis (Fig. 2). They were cultured in the dark, on the
dorsal side in contact with the agar medium, on one-half
diluted B5 macronutrient solution, growth regulators fiee,
to release phenolic compounds and to eliminate the con-
taminated explants.

After 8 days, the leaves were transferred to another agar
medium (composed of SH or WPM macronutrients) supple-
mented with 10 uM BAP and 10 uM NAA, and were
incubated in the dark.

After one month of culture, explants were transferred to
light on the same culture medium, with 0.5 uM BAP and
0.5 uM NAA. After 30 days, the leaves were transferred
to the same medium with no added growth regulators, in
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Fig. 2 Apical leaves taken from young seedlings (2 months) of
cork oak grown on peat to be used for the induction of somatic
embryogenesis

the light. The results were recorded 100 days after the
initiation of the culture as reported in Table 5.

Our results showed that 16.8% of the leaves developed
translucent somatic embryos on SH macronutrients solution.
Their average length was about 3 mm. After the second
week of culture, the embryos became opaque, yellow and
their length reached an average of 10.2 mm. The average
number of somatic embryos per leaf was about 2.8. These
somatic embryos were located at the base of leaves and
were characterized by their two voluminous cotyledons and
their roots attached to the leaves that spawned them. A few
leaves (12.2%) turned brown and necrotic one week after
their transfer to the medium without growth regulators.
The other explants (71%) remained quiescent even after a
second subculture on SH growth regulators free medium.

We also observed a relatively higher percentage of the
somatic embryos (23.3%) on WPM macronutrients solution
(Fig. 3).

Somatic embryogenesis occurred earlier. Thus, 10% of
the leaves presented somatic embryogenesis before their
transfer to the growth regulators free medium or after three
weeks of culture on WPM macronutrients solution supple-
mented with 0.5 uM of BAP and 0.5 uM of NAA. The

Fig. 3 Somatic embryos obtained from the culture of apical
leaves after 8 days in the dark on mineral solution of BS5
diluted to half, 30 days in the dark, followed by 30 days in the
light on WPM containing NAA and BAP

average number of somatic embryos per leaf was about
4.8. The embryos were established at the base of the leaves
and sometimes at the surface of the leaves, so out of the
medium. They are initially translucent, with an average
length of 4 mm, and then they continue growing to become
opaque and yellow and reach 12.2 mm. These embryos
were characterized by their two cotyledons, which are larger
than those obtained on SH macronutrients solution and were
always attached by their roots to the leaves that produced
them. A small percentage of the leaves (13.4%) showed
necrosis and died two weeks after transplanting to the
growth regulators free medium.

We also observed a callus proliferation that covered all
the leaves in 34.2% of the cases. These calli were generally
translucent, friable and they became brown a few weeks
after their formation. 14% of the leaves form, in addition
to callus proliferation, a slender root with an average length
of 2.1 cm. However, a small percentage of leaves (15.1%)
did not react to the somatic embryogenesis, even after
several subcultures on growth regulators free medium.

Our results showed that the WPM macronutrients so-

Table 5 Effect of SH and WPM media on the somatic embryogenesis of young cork oak leaves, cultured 8 days in the dark on
the solution B5 diluted in half, 30 days in the dark, followed by 30 days in the light in the presence of growth regulators, and finally
32 days in the light without growth regulators

% of Mean number Mean length % of explants

0, V) 1 0,
Medium  explants without m(ﬁ)tzflif eﬁll:? f Osogrllztsli(; of somatic of somatic /:Vi(i i):l)lll?;lt with callus
reaction v Tyo8 embryos per leaf embryos (mm) and root
SH 71° 12.2° 16.8" 2.8 +0.1° 102 £ 0.1° 0* 0°
WPM 15.1° 13.4° 233" 48 = 0.1° 122 +0.1° 34.2° 14.0°

The data represent Mean + SE of replicates (n = 3). Values in the same rows carrying different letters are significantly different
between treatments and compared by Tukey’s post-hoc test at p < 0.05.
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Fig. 4 Secondary somatic embryos obtained by transferring the
primary somatic embryos to the growth regulator-free induction
medium containing WPM macronutrients, MS microelements,
and vitamins. They were established mainly on the radicle of the
primary somatic embryo (arrow)

lution was the most suitable for somatic embryogenesis
induction from apical leaves of young cork oak seedlings.

The maintenance of somatic embryogenesis is ensured
by secondary embryogenesis. This latter was achieved by
simple transplanting of the somatic embryos, for one month,
on a medium without growth regulators under light conditions.

Secondary somatic embryos were developed primarily
on the root of the primary somatic embryo (Fig. 4). This
process of secondary somatic embryogenesis ceased when
somatic embryos became older, ripened and took a green
appearance.

Discussion

The induction of somatic embryogenesis of forest species
has been intensively investigated (Dunstan et al,, 1995; Thorpe
et al.,, 1991). In these researches, somatic embryogenesis
was generally started from immature zygotic embryos using
different mineral compositions and various combinations
and concentrations of growth regulators.

In the case of the genus Quercus, the medium used
most frequently is that of MS. Somatic embryogenesis was
obtained using other media such as WPM (Chalupa 1990;
Gingas and Lineberger 1989) and Sommer (Pintos et al
2008), starting from zygotic embryos.

Our results showed that among the tested macronutrients
solutions (Sommer, MS and WPM), the MS macronutrients
is the most suitable for somatic embryogenesis induction
from zygotic embryos of intermediate maturity in cork oak.
These findings corroborated with those reported in the
literature (El Maataoui and Espagnac 1987; El Maataoui et
al. 1990; Feraud-Keller et al. 1989; Hernandez et al. 2003a;
Pinto et al. 2002). However, somatic embryogenesis from
zygotic embryos was also obtained using other media such
as WPM (Chalupa 1990; Gingas and Lineberger 1989) and

Sommer (Bueno et al. 1992; Gallego et al. 1997; Manzanera
et al. 1993; Pintos et al. 2008).

The cork oak zygotic embryos developed calli under the
influence of 2,4-D. These calli were mainly located on the
hypocotyl. These results reminded those obtained by Bueno
et al. (1992) and Manzanera et al. (1993) using the same
species.

Growth regulators play an important role in the induc-
tion and stimulation of the somatic embryogenesis process.
Some authors give priority to auxins (Dameri et al. 1986;
Pintos et al. 2008; Reynolds and Murashige 1979), while
others are in favor of cytokinins, especially BAP (Pretova
and Williams 1986 a, b; Williams and Maheswaran 1986).
Generally, the process of somatic embryogenesis is stimulated
by various concentrations and combinations of growth sub-
stances (Ostrolucka and Pretova 1991).

Our results indicated that 2,4-D was the most efficient
growth regulator in somatic embryogenesis induction, com-
pared with the combinations of BAP and NAA. Manzanera
(1992) reported the same findings in Quercus robur, and
Pintos et al. (2008) in Quercus suber, Other authors observed
the important role of 2,4-D in cell division and embryogenic
potential (Lelu and Bornman 1990; Steward et al. 1964;
Sung et al. 1988). In contrast, Chalupa (1990) obtained
somatic embryogenesis from Quercus robur embryos using
BAP solely or in combination with GAs. 2,4-D was found
to be ineffective. Furthermore, 2,4-D was pointed out as
an inhibitor of embryos development (Halperin 1970). As
well, Kim et al. (1994; 1997) obtained induction of somatic
embryogenesis from immature zygotic embryos of Quercus
acutissima, on MS medium supplemented with only IBA
or in combination with 4.4 uM of BAP. They have also
shown that the addition of BAP is generally beneficial for
the induction of embryogenic cultures from immature zygotic
embryos.

Induction of somatic embryogenesis was generally per-
formed at low frequency, and exclusively under photoperiod
conditions as indicated in Quercus rubra (Gingas and
Lineberger 1989).

Chalupa (1990) used immature zygotic embryos of Quercus
robur in the dark and obtained white embryogenic tissues
after 5 to 7 weeks of culture. Thus, the somatic embryo-
genesis induction in darkness did not produce good results.

Our findings suggest that somatic embryogenesis occurs
directly (without undergoing the callus stage), probably
because immature zygotic embryos are entirely composed
of meristematic cells (El Maataoui et al. 1990). Indeed, the
histological study carried out by El Maataoui and Espagnac
(1989) showed that the somatic embryos of cork oak grow
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directly without prior callus production. As for the other
examples of direct somatic embryogenesis (Lu and Vasil
1985; Michaux-Ferriere et al. 1992; Quinn et al. 1989;
Taylor and Vasil 1996; Wang et al. 1994; Williams and
Maheswaran 1986), they seemed to come either from super-
ficial multicellular clusters or from epidermal cells that have
become embryogenic.

After transfer on media containing BAP and NAA of
leaves obtained from seedlings of germination as described
by Fernandez-Guijarro et al. (1995) and leaves obtained
from mature tree cuttings as described by Toribio et al
(2000). Our results proved that the WPM macronutrients
solution is more adapted to the somatic embryogenesis of
young cork oak leaves than SH macronutrients solution.
Indeed, the macronutrients solution WPM was reported to
induce somatic embryogenesis in young leaves of Quercus
rubra grown in the presence of 2,4-D and BAP (Rancillac
et al. 1994). Thus, the combination of NAA and BAP was
used for the initiation of somatic embryogenesis from
Quercus robur young leaves (Cuenca et al. 1999). However,
Fernandez-Guijarro et al. (1995) reported that SH macro-
nutrients solution induced somatic embryogenesis in Quercus
suber sprouting leaves, but with a low frequency (5%).
Besides, Hernandez et al. (2003a) signaled that a higher
frequency (26%) of somatic embryogenesis induction from
leaves of mature tree cuttings was obtained on this medium.

We placed the dorsal surface of the leaves in contact
with the agar medium. Indeed, Rancillac et al. (1996) showed
that the somatic embryogenesis of the young leaves discs
of Quercus rubra is obtained only in light and when the
dorsal surface of the leaves is in contact with the medium.
It is possible to obtain a high number of somatic embryos
on a single explant (Chalupa 1990; Gingas and Lineberger
1989; Manzanera et al. 1993; Ostrolucka and Krajmerova
1996). However, in our case, the frequency of induced somatic
embryos was relatively low, since we obtained about five
somatic embryos per leave on WPM medium. This result
is similar to that obtained in Quercus ilex leaves (Feraud-
Keller and Espagnac 1989) and Quercus suber internodes
and leaves (El Maataoui and Espagnac 1987; Fernandez-
Guijarro et al. 1995; Hernandez et al. 2003a).

This situation could be compensated by the initiation of
secondary somatic embryogenesis. This behavior must certainly
be compared with that of somatic embryos obtained on calli
from caulinary origin (El Maataoui and Espagnac 1987).

Secondary embryogenesis occured in cork oak on a media
free of growth regulators (El Maataoui et al. 1990; Fernandez-
Guijarro et al. 1993; Fernandez-Guijarro et al. 1995;

Hernandez et al. 2003a, b; Puigderrajols et al. 1996; 2000)

and took place at the radicular pole of embryos isolated
in subculture (Rancillac et al. 1993).

Similarly, secondary embryogenesis of Quercus acutissima
was ensured by a simple transplanting to MS medium free
of growth regulators (Halperin 1970). It could also be
carried out in sessile oak (Quercus robur) by transfer to
a medium containing a low concentration of BAP (Chalupa
1995; Cuenca et al. 1999; Endemann and Withelm 1997;
Ostrolucka and Krajmerova 1996).

Conclusion

The considerable development of research in somatic embryo-
genesis has aroused a renewed interest in immature zygotic
embryos. In this field, they are not only used to initiate
embryogenic processes in many species but also to address
the nutritional and behavioral aspects of which knowledge
is needed before any introduction of somatic embryos into
plant breeding programs. In this work, we have developed
techniques for obtaining somatic embryos from both immature
zygotic embryos excised at different stages of growth and
apical leaves taken from young seedlings of oak cork.

Thus, we recorded a very important callogenesis (100%)
on immature zygotic embryos. The calli were compact and
friable and developed over the entire surface of the em-
bryonic axis, mainly on the hypocotyl.

Similarly, we induced callogenesis from young apical
leaves with a non-negligible percentage of calli (34.2%).
They covered all the leaves on the WPM medium, were
generally translucent, fiiable and turned brown a few weeks
after their formation. Moreover, it appears that the stage
of development and therefore, the physiological state at the
time of excision play a considerable role in their behavior.

Our results indicated that MS macronutrients solution
was the most suitable to somatic embryogenesis induction
from intermediate maturing zygotic embryos and the con-
centration of 4.52 uM of 2,4-D was the most adapted (20%
of embryonic axes formed somatic embryos).

As well, we demonstrated that WPM medium was more
favorable than SH medium for inducing somatic embryo-
genesis from the apical leaves of young cork oak seedlings.

The frequency of obtaining somatic embryos was generally
low. This issue was compensated by establishing secondary
somatic embryogenesis, which resulted in continuous and
unlimited embryogenesis. In cork oak, recurrent somatic
embryogenesis was frequent and led to the formation of a
high number of secondary embryos. Interestingly, we noticed
that once induced, the somatic embryogenesis process con-
tinues by itself giving recurrent embryogenesis. However,
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to obtain proper germination of somatic embryos, secondary
embryogenesis must be stopped.

Therefore, the multiplication of somatic embryos and
conversion into seedlings can be considered as results of
the same process. Indeed, depending on the treatment applied,
it is possible to increase the multiplicative capacities of
explants or to enhance the production of the seedlings.
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