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Abstract: The interspecific hybrid fir Abies cilicica x Abies cephalonica is based on native species Abies cephalonica
(Loud.) and Abies cilicica (Ant. et Kotschy) Carr. Many variants of nutrient media have been tested. The medium
BAP at a concentration of 1 mg-17!, 1,000 mg-1"! myo-inositol, 500 mg-1-! glutamine, and 1,000 mg-1~! casein was found
to be the most suitable initiation medium for somatic embryogenesis of this hybrid. Embryogenic suspensor mass
was produced from immature and mature primary explants. The initiation frequency of ESM was dependent on the
composition of nutrient medium, plant growth regulators, and time of seeds collection. The ESM initiation from im-
mature seeds was higher in comparison with mature zygotic embryos, but the results were not significantly different.
As the most suitable maturation medium was evaluated the medium based on Murashige and Skoog medium which
contained 10 mg-1~! abscisic acid, 100 g-1"' PEG and 40 g1"! maltose (MM 2 medium).
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Somatic embryogenesis is one of the progres-
sive methods of plant propagation in vitro. In some
cases the somatic embryogenesis is favoured over
other methods of vegetative propagation (VON AR-
NOLD et al. 2002). This method is useful not only
in practical forestry, but also it provides material
for further theoretical investigations of the devel-
opment process of a somatic embryo, the activity
of proteins, examination of physiological processes
and responses of plant material to a change in de-
fined and controlled factors.

To initiate the process there must be a suitable
concentration of phytohormones in the nutrient me-
dium. Somatic embryogenesis of Abies alba (Mill.)
was first described by SCHULLER et al. (1989). In the
genus Abies the embryogenic tissue was initiated
from immature as well as mature zygotic embryos.

SALAJOVA et al. (1996) stated that immature em-
bryos possessed an increased generating capacity
of embryogenic mass (ESM) compared to mature
embryos.

SaLAajovA and SAaLAJ (2001) attempted to induce
the ESM directly from plant parts of hybrids of the
genus Abies.

Differences in the requirements of particular
culture conditions among the species of the genus
Abies and its hybrids pose greater demands on an
individual approach to the optimization of cultiva-
tion protocols. N6RGAARD (1997) even mentioned
that the particular genotype of plant material may
be the most important factor determining plant
regeneration.

This paper summarizes the results of the various
stages of somatic embryogenesis in hybrid fir Abies
cilicica x Abies cephalonica.

MATERIAL AND METHODS

The interspecific hybrid fir Abies cilicica x
Abies cephalonica is based on native species Abies
cephalonica (Loud.) and Abies cilicica (Ant. et
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Table 1. Labelling sources of primary explant

A mature hybrid seed of Abies cilicica x Abies cephalonica, year of collection 2006

mature hybrid seed of Abies cilicica x Abies cephalonica, year of collection 2007

immature hybrid seed of Abies cilicica x Abies cephalonica, collected in the end of June 2008

Kotschy) Carr. Seed material obtained by con-
trolled pollination comes from the hybridization
of the seed orchard of interspecific hybrids of the
second filial generation (9: Abies cilicica x Abies
cephalonica x 3: Abies cilicica x Abies cephalonica)
(KoBLIHA 2000).

Research was proceeded with mature and im-
mature primary explants (Table 1). Mature seeds
were collected at the time of their technological
maturity.

General laboratory techniques for somatic em-
bryogenesis were carried out according to GAM-
BORG and PHILLIPS (1995).

Sterilization of seed was done according to proce-
dure published by KoreckY and ViTAMVAS (2008).

Nutrient medium

Based on the positive experiences of many au-
thors, e.g. GAJpOSOVA et al. (1995), VOOKOVA et

al. (2003), NAwROT-CHORABIK (2008), the ini-
tiation medium was chosen according to SCHENK
and HILDEBRANDT (1972) — also known as the SH
medium.

The most frequently used carbohydrate in prolif-
eration medium is sucrose (HRISTOFOROGLU et al.
1995). In maturation media maltose often replaced
sucrose. VookovA and KorRMUTAK (2004) used
maltose as the saccharide component.

The different variants of SH medium were modi-
fied (Table 2). The pH of the culture medium was
adjusted to the value of pH 5.8.

In our experiment development and maturation
of somatic embryos was tested on 4 types of media
(Table 3).

The basis of maturation media (MM) is the me-
dium according to MURASHIGE and SK00G (1962).
These media are labelled as MM 1, MM 2 and
MM 3. Medium MM 4 is the medium prepared ac-
cording to GurTA and DUrRzAN (1985). All media
were solidified with 3 g-I™! Phytagel.

Table 2. Composition of initiation and proliferation media (variable components only)

Medium

Variable component

SH 600 SH 601 SH 602 SH 603 SH 604 SH 605 SH 606
BAP (mgl) 0 0.1 1 5 0 1 5
NAA (mgl™) 0 0 0 0 1 1 1
Myo-inositol (mg17!) 1,000 1,000 1,000 1,000 1,000 1,000 1,000
Glutamine (mg-17!) 500 200 200 500 500 500 500
Casein (mg1™) 500 500 500 1,000 1,000 1,000 1,000
Sucrose (g17") 30 30 30 30 20 20 20
Agar (g1™) 6 6 6 6 0 0 0
Phytagel (g1°) 0 0 0 0 3 3 3

SH 607 SH 611 SH 613 SH 614 SH 615 SH 616 SH 617
BAP (mg1) 2 0,2 1 5 1.1 1 1
NAA (mg 1) 0 0,1 0 0 0 0 0
Myo-inositol (mg-1~') 1,000 1,000 1,000 1,000 1,000 1,000 100
Glutamine (mg-17!) 500 500 500 500 500 500 500
Casein (mg1™) 1,000 1,000 1,000 1,000 1,000 1,000 1,000
Sucrose (g1 30 30 25 25 20 20 20
Agar (g1™) 6 6 6 6 0 0 0
Phytagel (g-17) 0 0 0 0 3 3 3
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Table 3. Composition of maturation media (variable components only)

MS medium GD medium

Variable component
MM 1 MM 2 MM 3 MM 4

ABA (mgl1™) 10 10 20 10
PEG (g1 100 100 100 100
Myo-inositol (mg-1™) 500 500 500 500
Glutamine (mg-1™) 500 500 500 500
Casein (mg-1™) 500 500 500 500
Sugar (g17) sucrose 40 maltose 40 sucrose 40 maltose 40

Media MM 1 and MM 2 differ in their saccharide
components: MM 1 contains sucrose at a concentra-
tion of 40 g1™* while medium MM 2 contains malt-
ose in the same amount. Medium MM 3 contains
abscisic acid at a concentration of 20 mg-l’l, whereas
in other media its concentration is 10 mg-1"".

The experiment searching a convenient medium
always started on the material which proved zero
contamination. Experiments with different types
of media were performed in 4 replications. In each
series the experiment was established with 20
embryos.

Culture conditions

Explants were cultured in an air-conditioned cul-
ture room with a controlled heat and light regime.
The initiation, proliferation and maturation phases
of somatic embryogenesis were carried out in dark-
ness at 24 + 1°C.

Movement to a fresh nutrient medium took place
depending on the stage of somatic embryogenesis
in intervals of 2—8 weeks.

Morphological characteristics
of somatic embryos

For the evaluation of qualitative and morphologi-
cal characteristics, average somatic embryos from
the maturation medium were selected. Dimension-
al measurement of embryos was done using graph

paper.

Statistical method
For all collected and statistically analysed values

the variance homogeneity test of binomial distribu-
tion was used (HAYTER 1984).
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Statistical analysis was carried out using the Stat-
graphics program. The hypothesis that the value of
the i-th quantity of the characteristics has the same
value as the parameter P of j-th quantity at a signifi-
cance level a = 0.05 was tested.

RESULTS

Optimization of initiation nutrient medium
composition

The formation of embryonal suspensor mass
(ESM) was observed within four to six weeks on
initiation medium (Table 4).

The SH 600 medium was used only for control, it
contained no plant hormones. It was therefore as-
sumed that on this medium the embryogenic tissue
would not begin to form. This assumption was veri-
fied on the medium without phytohormones; any
ebryogenic tissue were created.

Table 4. Formation of ESM on initiation media

Medium Formation of ESM (%)
SH 600 0
SH 601 0
SH 602 7.5
SH 603 2.5
SH 604 0
SH 605 5.0
SH 606 2.5
SH 607 0
SH 611 0
SH 613 1.25
SH 614 1.25
SH 615 5.0
SH 616 15
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Table 5. Production of ESM — immature primary explant

Explant C Initiation of ESM (%)
Serie 1 3.0 (16.8)
Serie 2 3.8 (21.1)
Total 3.5(19.3)

Value in brackets — after taking into account a growth rate

The effect of BAP at the concentration of 0.1 mg-1~!
was shown insufficient, the ESM did not start to
develop. The concentration 0.2 mg-1™' BAP was also
proved inadequate, even though in this medium
the growth hormone NAA in the concentration of
0.1 mg-1™ was also present.

The medium with the concentration of 1 mg:1~!
BAP, in comparison with the medium containing
5 mg-1! BAP showed above 5% higher production
of embryogenic tissue.

The concentration of glutamine in the media
SH 601 and SH 602 was 200 mg-I"!. The content of
this substance for all other media was 500 mg-1™".
SH 602 and SH 603 were compared to show the
suitability of ESM formation. It was concluded that
different amount of glutamine in the nutrient me-
dium did not have any influence on ESM initiation.

The SH 604 medium contained only the growth
hormone NAA at a concentration of 1 mg-l’l; the
positive effect of the growth hormone NAA on the
initiation phase of somatic embryogenesis could
not be demonstrated because there was no tissue
formation.

The SH 605 medium included the growth hor-
mones BAP and NAA, both at concentrations of
1 mg1™". The SH 605 medium had a 5% success of
embryogenic tissue formation.

The SH 606 medium, which contained BAP at a
concentration of 5 mg:1' and 1 mg1"'NAA reached
2.5% success in the formation of ESM.

Table 6. Media number of produced somatic embryos

The SH 614 medium, containing 5 mgl™' BAP
showed 1.25% success in the formation of embryo-
genic suspensor mass.

The media SH 613, SH 615, and SH 616 were
different from each other in the type of stiffening
agent and concentration of the saccharide compo-
nent. In the case of SH 613 medium the stiffening
agent agarose was used in a concentration of 6 g.17%,
the other media were reinforced with 3 g-1-! Phyta-
gel. The SH 613 medium contained the saccharide
component in a concentration of 25 g1™!, the oth-
er two initiation media contained the saccharide
component at the level of 20 g-17.

The most suitable initiation medium was SH 616,
which achieved 15% success in the formation of
ESM.

The used statistical analysis shows significant dif-
ferences in the formation of embryogenic tissue be-
tween the most successful variant, which achieved
15% success in the formation of ESM, and the vari-
ants with the success rate of 2.5% and less.

The formation of embryogenic tissue on tested
initiation media (primary explants A and B)

The overall effectiveness of the methods of so-
matic embryogenesis using mature seeds as the
primary explant (A and B), taking into account all
tested media, is a 1.66% success rate of the forma-
tion of ESM. In the case if only SH 616 medium
(the most appropriate medium) was taken into the
success rate of ESM production was 15%.

Evaluation of ESM formation using immature
primary explant C

All trials with immature primary explants were
performed on the optimized SH 616 medium.

Labelling Source of primary Average number of formed somatic embryos

of ESM explant MM 1 MM 2 MM 3 MM 4
ESM1 C 2.4 4.3 1.3 0.8
ESM 2 C 1.2 8.6 2.3 0.8
ESM 3 A 2.5 14.3 2.5 2,0
ESM 4 B 1.3 22.0 0.3 0.3
Total 7.4 49.1 6.3 3.8
Fitness of media (%) 15.0 100.0 12.9 7.8
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In the case of primary explant C, an average 3.5%
success rate of embryogenic mass formation was
reached. However, it must be taken into account
that the primary explant was the whole unripe
seed, and the zygotic embryos were not removed.
KoBLIHA (2008) reported that the hybrid seed of
Abies cilicica x Abies cephalonica had a growth rate
of 18%. After taking into account this fact we got
an average success rate of 19.3% in the formation of
embryogenic mass (Table 5).

Comparison of embryogenic tissue from
mature and immature primary explant

The optimized SH 616 medium reached a 15%
success rate of embryogenic suspensor mass for-
mation on the primary explant from mature seeds.

In the case of using immature zygotic embryos,
the seed C on the SH 616 medium reached 19.3%
formation of ESM. Based on the statistical analysis
of these two results, it was found that the difference
between successful initiations of embryogenic tis-
sue from mature and immature primary explants
was statistically significant.

Effect of media on somatic embryo
development

The experiment with maturation media MM 1
to MM 4 was carried out on embryogenic tissue
from all sources of the primary hybrid explants
(A, B, C).

The production of mature somatic embryos was
influenced by maturation medium. The highest av-
erage number of formed somatic embryos from all
sources of primary explants was produced in the
maturation medium MM 2.

The results of statistical comparison of different
maturation media by methods of statistical analy-
sis confirmed that the maturation medium MM 2
showed a significantly higher effect on the matu-
ration of somatic embryos compared to all other

tested media. Differences in the suitability of matu-
ration media MM 1, MM 3 and MM 4 for the mat-
uration of somatic embryos were not significant
(Table 6). Characteristics of developed somatic
embryos are summarized in Table 7.

DISCUSSION

For the initial phase of somatic embryogenesis
the nutrient medium according to SHENK and
HiLDEBRANDT (1972) was selected.

The SH medium was tested on the basis of posi-
tive experiences of many authors (e.g. GAJDOSOVA
et al. 1995; KULCHETSCKI et al. 1995; SALAJOVA et
al. 1996; VookovA et al. 2003). Many variants of
modifications, which consisted in changes in the
content and concentration of phytohormones, car-
bohydrate components and other substances, were
tested. A total number of the tested media was 13,
the SH 600 medium was the control medium with-
out any plant hormones.

The nutrient medium marked SH 616 was evalu-
ated as the most appropriate initiation medium.
This medium contained BAP in a concentration
of 1 mg1I™" and other variable components such as:
20 gI"! sucrose and 1,000 mg-1"* myo-inositol.

The most variable component of tested media
were plant hormones. SCHULLER et al. (2000) noted
that in the genus Abies the initiation and prolifera-
tion of ESM could be achieved even if the medium
contained cytokinin only, other conifers required
auxin as the other component for ESM initiation.
The same findings were also presented by HRIB et
al. (1997): ESM was initiated on a medium with
the addition of BAP in the absence of auxin. NoRr-
GAARD and KROGSTRUP (1991) argued that the
presence of auxin in the nutrient medium inhibited
initiation and proliferation phases of somatic em-
bryogenesis. These findings correspond with our
results. The media include auxin (NAA), showed a
lower level of forming tissue mass.

FIND et al. (2002) considered the natural produc-
tion of auxin in seeds as one of the possible causes

Table 7. Average morphological characteristics of developed somatic embryos

Embryo Medium Length (mm) Thickness (mm) Remark
Zygotic - 6 average length and thickness of normal embryo
Somatic MM1 4-6 1.5-3 similar length as a zygotic embryo, but thicker
Somatic MM 2 <5 generally smauer, but the propor‘thn was the same
as zygotic embryo, most similar to ZE

. MM 3 very similar to each other, embryos achieved only

Somatic 3
MM 4 a globular stage of development
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of a failure of the maturation of somatic embryos
on a maturation medium, this process slowed down
or stopped the formation of ESM completely.

The composition of the initiation medium was
optimized for the ripe seed material (zygotic em-
bryos were excised from the seed). On this medium
(SH 616) a 15% success rate of ESM formation was
achieved. This optimized initiation medium was al-
ready used for the immature seed.

The effect of myo-inositol on the success of the
proliferation of embryogenic mass was tested in the
proliferation phase. VookovA et al. (2001) stated
that the proliferation medium containing myo-in-
ositol showed a greater increase in ESM formation
compared with the proliferation medium without
myo-inositol. This difference was significant after
approximately three weeks of cultivation of embryo-
genic tissue on a nutrient medium. These findings
did not correspond with our conclusions because
higher production of ESM after myo-inositol addi-
tion into the proliferation medium was not observed.

NoRGAARD (1997) tested the effect of the saccha-
ride component used in the maturation phase of
somatic embryogenesis. Tested carbohydrates were
sucrose and maltose, the higher number of somatic
embryos was produced on nutrient media contain-
ing maltose. VookovA and KormUTAK (2002),
who used maltose as the carbohydrate component
in nutrient media, reported a higher number of
somatic embryos in comparison with the medium
which contained sucrose.

ScHULLER and REUTHER (1993) tested the effect
of fructose, glucose, sucrose and galactose on the
formation of somatic embryos. The observations of
tissues showed a significant difference between the
media with different carbohydrate components,
the largest number of somatic embryos developed
on maturation medium with the addition of lactose.

In our experiment as the most appropriate matu-
ration medium for hybrid fir Abies cilicica x Abies
cephalonica was estimated the medium with the
addition of maltose.

Eight variants of maturation media were tested.
The most appropriate maturation medium was
MM 2 medium. This maturation medium con-
tained 10 mgl™ abscisic acid, 100 g1 PEG and
40 g1 maltose at as the saccharide component.
The MM 2 medium is based on the nutrient medi-
um developed by MURASHIGE and SKOOG (1962).

The MM 4 medium, which is based on DCR medium
by GupTa and DURZAN (1985), showed the smallest
fitness for the maturation of somatic embryogenesis.

RAJBHANDARI and SToMP (1997) mentioned June
as the optimal time for the collection of primary ex-
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plants. The highest percentage of embryogenic tissue
was initiated on the material obtained in this period.

KvAALEN et al. (2005) conducted experiments
with explants from immature seeds collected from
late June to late August.

GUEVIN et al. (1994) and GUEVIN and KIRBY
(1997) initiated the formation of embryogenic tis-
sue from mature zygotic embryos. Also SALAJ and
SALAJ (2004) reported that they successfully ob-
tained the embryogenic material of hybrid Abies
alba x Abies cephalonica from a mature primary
explant.

GAJDOSOVA et al. (1995) obtained the best results
with the induction of embryogenic mass from ma-
terial collected in the second half of July. The same
conclusions were also drawn by Jasik et al. (1999).
SAaLajovA et al. (1996) explained that megega-
metophytes which are not taken out by immature
seed may serve as nurse tissue supplying some pant
growth regulators foe embyogenic tissue initiation.

In our experiment the formation of embryogen-
ic suspensor mass was initiated from mature and
immature (collected at the end of June) primary
explants. The statistical method of assessment re-
vealed no significant differences in the percentage
of successful ESM formation from these ontogenic
different sources.

CONCLUSION

As the most suitable initiation medium was evalu-
ated the SH medium with the addition of 1 mgl1™
BAP, 1,000 mg1~! myo-inositol, 500 mg-1~* glutamine,
and 1,000 mg1~* casein (SH 616), ESM initiation fre-
quency of 15% was achieved from mature embyos.

The SH 616 medium was optimized on the pri-
mary explant from mature seeds (zygotic embryos).

If immature zygotic embryos were used, the 19.3%
success rate of ESM formation was reached on the
SH 616 medium. Based on the statistical analysis of
these two results it was concluded that the differ-
ence in the successful initiation of ESM from ma-
ture and immature primary explants was not statis-
tically significant.

The most appropriate maturation medium for
this interspecific hybrid has been found.

Another possibility for future studies of somatic
embryogenesis in the hybrid fir Abies cilicica x Abies
cephalonica is the induction of secondary somat-
ic embryogenesis derived from somatic embryos.
Research of this problem was already addressed in
a team led by VookovA (2003) or VookoVvA and
KorRMUTAK (2006).

J. FOR. SCL, 57, 2011 (9): 401-408



KorRMUTAK et al. (2006) also studied the dynam-
ics of proteins and proteomic zygotic and somatic
embryos of the genus Abies, which is another pos-
sibility of continuing research in this field.

Another potential practical application is the
possibility of commercialization of an optimized
technique of somatic embryogenesis in the hybrid
fir Abies cilicica x Abies cephalonica.

References

FIND J., GRACE L., KRoGSTRUP P. (2002): Effect of anti-auxins
on maturation of embryogenic tissue cultures of Nord-
manns fir (Abies nordmanniana). Physiologia Plantarum,
116:231-237.

GAJDOSOVA A., VookoVvA B., KORMUTAK A., LIBIAKOVA
G., Dolezel J. (1995): Induction, protein composition and
DNA ploidy level of embryogenic calli of silver fir and its
hybrids. Biologia Plantarum, 36: 69—176.

GAMBORG O.L., PHILLIPS G.C. (1995): Plant Cell, Tissue
and Organ Culture — Fundamental Methods. Berlin-
Heidelberg, Springer-Verlag.

GUEVIN T.G., KIRBY E.G. (1997): Induction of embryogenesis
in cultured mature zygotic embryos of Abies fraseri (Pursh)
Poir. Plant Cell, Tissue and Organ Culture, 49: 219-222.

GUEVIN T.G., MicaH V., KIRBY E.G. (1994): Somatic embryo-
genesis in cultured mature zygotic embryos of Abies bal-
samea. Plant Cell, Tissue and Organe Culture, 37: 205-208.

GurTta PK.,, DURZAN D.J. (1985): Shoot multiplication from
mature trees of Douglas fir (Pseudotsuga menziesii) and sug-
ar pine (Pinus lambertiana), Plant Cell Report, 4: 177-179.

HAYTER A.J. (1984): A proof of the conjecture that the
Turkey-Kramer multiple comparisons procedure is con-
servative. Annals of Statistics, 12: 61-75.

HRi1sSTOFOROGLU K., SCHMIDT J., BOLHAR-NORDENKAMPF
H. (1995): Development and germination af Abies alba
somatic. Plant Cell, Tissue and Organ Culture, 40: 277-284.

HRiB J., VookoVvA B., KORMUTAK A. (1997): Biochemical
differences between normal callus and embryogenic sus-
pensor mass of silver fir. Biologia Plantarum, 39: 507-513.

JASIK J., SALAJOVA T., KORMUTAK A., SALAJ J. (1999): So-
matic embryogenesis in hybrid firs. Somatic Embryogen-
esis in Woody Plants, 4: 505-523.

KoBLIHA J. (2000): Tree breeding of Abies. [Final Report.]
Czech University of Life Sciences Prague. (in Czech)

KOBLIHA J. (2008): Report of running research Fir breeding
for forestry and Christmas tree production. Czech Univer-
sity of Life Sciences Prague. (in Czech)

KoRECKY J., VITAMVAS ]. (2008): Problems of breeding
hybrid Abies cilicica x A. cephalonica through somatic
embryogenesis: Sterilization of the primary explant, initia-
tion of ESM. In: Book of Conference Coyous 2008, Czech
University of Life Sciences Prague: 183—-190.

J. FOR. SCL, 57, 2011 (9): 401-408

KorRMUTAK A., SALAJ T., VOOKOVA B. (2006): Storage pro-
tein dynamics in zygotic and somatic embryos of white fir.
Biologia, Bratislava, 61: 479-485.

KurcHEeTsckr L., HARRY LS., YEUNG E.C., THORPE T.A.
(1995): In vitro regeneration of Pacific silver fir (Abies ama-
bilis) plantlets and histological analysis of shoot formation.
Tree Physiology, 15: 727-738.

KvAALEN H., DAEHLEN O.G., ROGNSTAD A.T., GRONDSTAD
B., EGERTSDOTTER U. (2005): Somatic embryogenesis for
plant production of Abies lasiocarpa. Canadian Journal
Forest Research, 35: 1053-1060.

MURASHIGE T., SkooG F. (1962): A revised medium for
rapid growth and bio-assays with tobacco tissue cultures.
Physiologia Plantarum, 15: 473-497.

NawroT-CHORABIK K. (2008): Embryogenic callus induc-
tion and differentiation in silver fir (Abies alba Mill.) tissue
cultures. Dendrobiology, 59: 31-40.

NoRGAARD J.V. (1997): Somatic embryo maturation and
plant regeneration in Abies nordmanniana. Plant Science,
124:211-221.

NoRGAARD J.V,, KrogsTRUP P. (1991): Cytokinin induced
somatic embryogenesis from immature embryos of Abies
nordmanniana Lk. Plant Cell Reports, 9: 509-513.

RAJBHANDARI N., STOMP A.M. (1997): Embryogenic callus
induction in Fraser fir. HortScience, 32: 737-738.

SaLay T., SALAj J. (2004): Somatic embryo formation on
mature Abies alba x Abies cephalonica zygotic embryo
explants. Biologia Plantarum, 47: 7-11.

SaLajova T., SALAJ J. (2001): Somatic embryogenesis and
plantlet regeneration from cotyledon explants isolated
from emblings and seedlings of hybrid firs, Journal of Plant
Physiology, 158: 747-755.

Sarajova T, Jasik J., KoORMUTAK A, SaLaj ], HAKMAN L
(1996): Embryogenic culture initiation and somatic embryo
development in hybrid firs (Abies alba x Abies cepha-
lonica, Abies alba x Abies numidica). Plant Cell Reports,
15:527-530.

ScHENK R.U., HILDERBRANDT A.C., (1972): Medium and
techniques for induction and growth of monocotyledonous
and dicoledonous plant cell cultures. Canadian Journal of
Botany, 50: 199-204.

SCHULLER A., KIRCHNER-NESS R., REUTHER G. (2000): Interac-
tion of plant growth regulators and organic C and N compo-
nents in the formation and maturation of Abies alba somatic
embryos. Plant Cell, Tissue and Organ Culture, 60: 23-31.

SCHULLER A., REUTHER G. (1993): Response of Abies alba
embryonal-suspensor mass to various carbohydrate treat-
ments. Plant Cell Reports, 12: 199-202.

SCHULLER A., REUTHER G., GEIER T. (1989): Somatic em-
bryogenesis from seed explants of Abies alba. Plant Cell,
Tissue and Organ Culture, 17: 53-58.

Vookova B., KORMUTAK A. (2002): Some features of somatic
embryo maturation of algerian fir. In Vitro Celluar & De-
velopmental Biology-Plant, 38: 549-551.

407



VookovA B., KoORMUTAK A. (2004): Propagation of some
Abies species by somatic embryogenesis. Acta Universitatis
Latviensis, Biology, 676: 257-260.

VooxkoVA B., KORMUTAK A. (2006): Comparison of induc-
tion frequency, maturation capacity and germination of
Abies numidica during secondary somatic embryogenesis,
Biologia Plantarum, 50: 785-788.

VooxovVA B., KorMUTAK A., HRIB J. (2001): Effect of myo-
inositol on somatic embryogenesis of Abies numidica.
Journal of Applied Botany-Adgewandte Botanik, 75: 46—-49.

VookovVA B.,, MATUSOVA R., KORMUTAK A. (2003): Second-
ary somatic embryogenesis in Abies numidica. Biologia
Plantarum, 46: 513-517.

VoN ARNOLD S., SABALA 1., BozHKOV P, DYACHOK J.,
FiLonova L. (2002): Developmental pathways of somatic
embryogenesis. Plant Cell, Tissue and Organ Culture, 69:
233-249.

Received for publication June 1, 2010
Accepted after correstions August 4, 2011

Corresponding author:

Ing. Jikf KORECKY, Czech University of Life Sciences Prague, Faculty of Forestry and Wood Sciences,
Department of Dendrology and Forest Tree Breeding, 165 21 Prague 6-Suchdol, Czech Republic

e-mail: korecky@fld.czu.cz

408

J. FOR. SCL, 57, 2011 (9): 401-408



