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Abstract

The somatic embryogenesis is an advanced method for clonal propagation and a useful tool for ex situ conservation of genetic
resources. In this paper an experimental device was designed, composed of: one oak species (Quercus petraea), one provenance, four types
of explants (developmental stages of the zygotic embryo) and four variants of culture medium. It was released the two-way statistical
analyses of the two analyzed factors affecting the embryo induction efficiency: the stage of explant and culture medium (4 stages x
4 culture media). The most important factor affecting the efficiency of somatic embryogenesis was found to be the developmental
stage of the zygotic embryos used as juvenile explants. The high embryogenic ability of young zygotic embryos and low embryogenic
ability of maturing zygotic ones showed the strong positive relationship becween somatic embryo induction and accumulation of reserve
nutrients in cotyledons. The best results were obtained with the youngest embryos (stage 1), with a linear decrement towards the stage
4. The embryo induction efficiency ranged between 44% and 10% in Q. peraea. Two nutritive culture media and two growth hormone
combinations were tested. The effect of culture medium proved to be totally insignificant, besides the differences observed among the

variants cultivated on different media. The situation was the same as well for the nutrients as for growth regulators.
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Introduction

The sessile oak (Q. petraea) is among the most impor-
tant broadleaved forest tree species in Europe. In Roma-
nia, sessile oak occupy approximately 10% of the forest
area, having a high ecological and economic value. The
in vitro plant regeneration by somatic embryogenesis is a
highly conservative process and a potential source of ge-
netic variability.

The use of somatic embryogenesis in oak clonal mi-
cropropagation is preferable in the applications concern-
ing somaclonal variation and selection, because the plants
regenerated from somatic embryos usually have mono-
cellular origin and consist of clones of long-term culture,
submitted of iz vitro selection procedures. This advanced
method of plant propagation was also applied in the ex situ
conservation of genetic resources, using the cryopreserva-
tion techniques (Jorgensen, 1991, 1993; Tutkova and
Wilhelm, 1999; Pijut et al., 2007; Fernandes et al., 2008;
Vengadesan and Pijut, 2009a, 2009b).

The somatic embryogenesis of oak, as an alternative to
cutting propagation, provides the possibility of mass pro-
duction of cotyledonary embryos, which can be cither cry-
opreserved, or maintained by long-term culture as stable
embryogenic somaclones (Wilhelm ez 4/., 1996, 2000).

The aim of this study was to assess the influence of the
developmental stage and culture medium on the somatic
embryo induction in Quercus petraea acorns.

Materials and methods

Plant material: The immature acorns of Q. petraea har-
vested from Mihiiesti-Arges at 4 different dates which
were dissected and used as sources of explants. The ex-
plants were represented by immature zygotic embryos
in different developmental stages or fragments of more
advanced embryos. The developmental stages of zygotic
embryos have been defined and correlated with the mor-
phological characteristics of acorns (Palada-Nicolau and
Hausman, 2001):

Stage 1: acorn has a diameter of 6-8 mm and the cup
covers it almost completely, the zygotic embryo of 1-1.2
mm is inside the acorn in an early cotyledonous stage;

Stage 2: acorn has a diameter of about 10 mm and is at
the level of the cup, the zygotic embryo of 2-2.4 mm has
a translucid but thicker cotyledons, the endosperm, well
represented, is in a cell stage;

Stage 3: acorn is clongated, having dimensions of 10/
12 mm and exceeds the level of the cup, the embryo which
is also clongated (5/3-8/3 mm) has thickened;

Stage 4: acorn of 12-13/16-18 mm is only half covered
by the cup, the embryo of 10/7 mm has thick and opaque
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cotyledons and obvious meristematic areas (apical and
radicular), and is completely without endosperm.

Culture medium

Four media were tested for the induction of embryo-
genesis, representing combinations between two nutrient
recipes (1/2 MS - Murashige, Skoog, 1962) and DCR
(Gupta, Durzan, 1985) and two combinations of growth
regulators: QE1: 1/2MS with 10uM/1 2,4-D and 2uM/I
BAP; QE2: 1/2MS with SuM/INAA - 5SuM/1 BAP; QE3:
DCR with 10uM/1 2,4-D and 2uM/l BAP; QE4: DCR
with 5uM/I NAA - 5uM/1 BAP. After two subcultures on
this medium, a hormone-free 2 MS medium was used for
the proliferation of embryogenic structures.

Structure of the experiment

4 developmental stages of explants, 4 culture media
(represented by: 2 variants of nutritive medium: % MS
(Murashige-Skoog, 1962) and DCR (Gupta, Durzan,
1985) and 2 variants of growth regulator combinations,
for each nutritive medium). In order to establish the effect
of culture medium upon the efficiency of somatic embryo
induction, comparisons were made between nutritive me-
dia (QE1 + QE2, versus QE3 + QE4), on one hand, and
between the two combinations of growth regulators (QE1
+ QE3, versus QE2 + QE4), on the other hand. Three rep-
lications consisting of ten explants have been counted for
each parameter.

Statistical analyses

A two ways ANOVA in randomised blocks design, for
experiments in three replications was used in order to vali-
date the results of the oak somatic embryogenesis experi-
ments, in which the main parameters were explant stages
and culture media. The statistical validation of the differ-
ences between the experimental variants was made by us-
ing the multiple range test (Duncan). These tests allowed
the objective comparison of all differences between every
two variants.

Besides embryogenesis, other reactions of the explants
to the culture conditions were observed: callogenesis,
rhyzogenesis and germination.

Results and discussions
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Fig. 1. The effect of explant type upon the embryogenic ability, in Q.
petraea

The embryogenic ability decreased constantly from the
youngest to the more developed zygotic embryos used as
explants (Fig. 1).

The effect of tested culture media on the embryogen-
esis proved to be insignificant for the same type of explants
(development stage), based on the differences observed
among the variants cultivated on different media, irrespec-
tive of the combinations of nutrients and growth regula-
tors used in the study.

Thus, the nutrient medium had no significant effect on
the embryogenic capacity of explants, both tested culture
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Fig. 2. The effect of culture medium on the embryo induction efficency
in Q. petraea

media being capable of supporting embryogenesis, if the
other conditions (proper development stage of embryos)
were met (Fig. 2).

Regarding the role of growth regulators, the compari-
sons between the embryogenic induction efficiency of the
media with auxin 2,4-D - 2,4-dichlorophenoxiacetic acid
(QE1 and QE3) and those with NAA - a-naphtyl-acetic
acid (QE2 and QE4) showed that the two combinations
of auxins and cytokinins didn’t have a significant effect on
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Fig. 3. The effect of auxin type on the embryo induction
efficency in Q. petraca

the embryogenic capacity, the differences between the re-
sults of the efficiency for the two types of media being not
significant (Fig. 3).

The statistical analyses showed no significant differenc-
es between the results obtained on different culture media
for the same development stage and also for the interac-
tions development stage x medium. However highly sig-
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Tab. 1. The effect of the developmental stage of explant on the rate of embryogenic induction in Q. petraea (Duncan test)

Stage of explants (zygotic embryos) Mean value Significance of the differences*
S1 0.814 M
S2 0.590 N
S3 0.422 P
S4 0311 Q

“Differences among any variants followed by one common letter are not significant

DS 5% for stage: 0.086-0.093

nificant differences between the embryogenic induction
of the tested development stages were found (Tab. 1.)

The study also showed that the composition of the
tested culture medium was not a limitative factor, media
with different nutritive compositions and auxin/cytoki-
nin ratios of 5/1 (QE1, QE3) and 1/1 (QE2, QE4) being
equally suitable for the induction of somatic embryogen-
esis.

Conclusions

The results of this study revealed the importance of
harvesting the acorns for somatic embryogencsis in early
stages; when this is not possible, a significantly higher
number of explants is needed in order to secure the desired
number of propagated individuals.
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