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Abstract

Somatic embryogenesis was used for propagation of Abies cilicica, Abies numidica and Abies 
concolor. The same experimental conditions were suitable for plantlets regeneration of all tested 
species. Initiation of embryogenic tissue was obtained from immature embryos on Schenk and 
Hildebrandt (SH) initiation medium with 1 mg l-1 benzylaminopurine and 20 g l-1 sucrose. The 
best maturation of somatic embryos was achieved on modifi ed Murashige and Skoog medium 
supplemented with 40 g l-1 maltose, 100 g l-1 polyethylene glycol-4000, 10 mg l-1 abscisic acid and 
500 mg l-1 L-glutamine and casein hydrolysate. After three weeks of partial drying, mature embryo 
germination occurred on medium containing ½-SH medium  salts, 10 g l-1 sucrose, 10 g l-1 charcoal 
and 3 g l-1 Phytagel. Plantlets with cotyledons, hypocotyl and radicula were obtained and transferred 
to small pots containing autoclaved peat / vermiculite / perlite mixture. Plantlet regeneration of 
other Abies species can be achieved under the same experimental conditions, but with optimizing 
for individual species to affect the yield of regenerants.
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Introduction

Somatic embryogenesis is a very convenient method for mass multiplication of conifers 
including of the genus Abies. The technology to initiate, maintain, and develop somatic 
embryos and emblings of conifer species via somatic embryogenesis is now well established. 
Somatic embryogenesis in Abies with limited success or succesfull regeneration has been 
reported for some species (for review see Vooková, Kormuťák 2001). A. cilicica Carr. 
is a fast growing species whose natural distribution is in Asia Minor (Bozkus 1987). 
A. numidica De Lann. is a North African species, and the A. concolor (Gord. et Glend) A. concolor (Gord. et Glend) A. concolor
distribution is North America (Liu 1971). 

The objective of the present study was to apply somatic embryogenesis technology 
and try to generalize micropropagation conditions of three Abies species growing in 
Arboretum Mlyňany, Slovakia.

Materials and methods

Cones containing immature seeds of A. cilicica Carr., A. numidica De Lann. and A. 
concolor (Gord. et Glend) was colected in June 8th, 1997 from the Arboretum Mlyconcolor (Gord. et Glend) was colected in June 8th, 1997 from the Arboretum Mlyconcolor ňany, 
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Slovakia. Imature seeds were surface-sterilized for 10 min in 10 % H2O2. Megametophytes 
containing embryos were cultured on Schenk, Hildebrandt (1972; SH) medium with 
1 mg l-1 6-benzylaminopurine (BAP). Induced embryogenic tissue was maintained at 
24 ºC in the dark on proliferation medium supplemented with 1 mg l-1 BAP, 1 g l-1 casein 
hydrolysate, 500 mg l-1 L-glutamine and 3 g l-1 Phytagel. 

To assess the most benefi cial medium for somatic embryo maturation, embryogenic 
tissue of one cell line per species was cultured on SH, Gresshoff, Doy (1972; GD) and 
modifi ed Murashige and Skoog (1962; MS) media. SH and GD media contained the 
original macro, micro-elements, FeEDTA and vitamins; MS medium contained ½ strength 
MS macro elements, original micro elements and FeEDTA, and modifi ed vitamins: 1 mg 
l-1 nicotinic acid, 1 mg l-1 thiamine HCl, 1 mg l-1 pyridoxin HCl, 2 mg l-1 glycine, 100 
mg l-1 myo-inositol. All media contained 10 mg l-1 abscisic acid (ABA), 40 g l-1 maltose, 
100 g l-1 polyethylene glycol, 500 mg l-1 casein hydrolysate and 500 mg l-1 L-glutamine. 
The maturation medium was gelled with 3 g l-1 Phytagel. 

Pieces of embryogenic tissue with approximate weight of 350 mg were cultured in 
60 mm plastic Petri dishes on maturation medium in the dark at 21 to 23 °C. Mature 
somatic embryos were subjected to partial desiccation during three weeks at 24 ºC in the 
dark (Vooková et al. 1997/1998). The embryos were allowed to germinate on SH medium 
containing ½-SH medium salts, 10 g l-1 sucrose, 10 g l-1 charcoal  and 3 g l-1 Phytagel. 
Six replications of ten embryos were cultivated in Erlenmayer fl ask with 50 ml media per 
treatment. Germination percentages were evaluated after 40 d of cultivation. Plantlets 
with a root were transferred to small pots containing autoclaved peat / vermiculite / perlite 
mixture.

Results and discussion

Embryogenic tissue was induced in all of the studied species of Abies. After four to eight 
weeks of cultivation on SH induction medium with BAP, white, mucilaginous extrusions 
were observed (Fig. 1A). This embryogenic tissue consisted of single elongated highly 
vacuolated cells, clumps of small and densely cytoplasmic cells and somatic embryos 
in an early stage of development (Fig. 1B). The initiation percentage of embryogenic 
tissue is shown in the Table 1. We obtained 26 cell lines of A. cilicica, three lines of A. 
numidica and two cell lines of A. concolor with different growth characteristics. The A. concolor with different growth characteristics. The A. concolor
same SH induction medium was suitable also for initiation of embryogenic tissue in some 
hybrids (Gajdošová et al. 1995). Unlike other genera in the Pinaceae, Abies requires 
only cytokinin for induction of embryogenic tissue from zygotic embryos (Salajová et 
al. 1996).

The duration of maturation treatment was eight to ten weeks. The cell lines differed in 
their response to the three maturation media. Somatic embryos reached the cotyledonary 

Table 1. Percentage of embryogenic tissue from immature zygotic  embryos of Abies species

Species Number of explants Initiation (%) Number of cell lines
Abies cilicica 63 65.5 26
Abies numidica 44 6.8 3
Abies concolor 64 5.6 2Abies concolor 64 5.6 2Abies concolor
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stage of development on MS and SH medium (Fig. 1C). The number of mature cotyledonary 
embryos per g of embryogenic tissue was different in individual species (Table 2). The 
tendency for better maturation on MS medium was typical for all tested species. GD 
medium was not suitable because maturation was slow and only the precotyledonary 
stage of development was achieved.

Fig. 1. Embryogenic tissue induction and plantlet regeneration of Abies species. A, Initiation of 
embryogenic tissue from immature seeds of Abies cilicica. B, Early somatic embryo of Abies 
numidica with embryonal head (EH) and long suspensor cells (arrow). C, Developing cotyledonary 
somatic embryo of Abies concolor after eight weeks on MS maturation medium with  ABA. D, Abies concolor after eight weeks on MS maturation medium with  ABA. D, Abies concolor
Partial desiccation of mature somatic embryos placed in Petri dishes (ø 60 mm). Petri dish was 
open and placed on moist fi lter paper in a Petri dish (ø 90 mm), which was sealed with parafi lm. E, 
Abies numidica plantlet with developed root system and primary shoot fi ve months after transfer 
into the soil.

Table 2. The number (± SE) of cotyledonary somatic embryos of Abies species (per g of embryogenic 
tissue) matured on Shenk and Hildebrandt (SH), Murashige and Skoog (MS) and Gresshoff and 
Doy (GD) media

Species SH medium MS medium GD medium
Abies cilicica 6 ± 2 16 ± 2 0
Abies numidica 16 ± 5 26 ± 3 1 ± 1
Abies concolor - 61 Abies concolor - 61 Abies concolor ± 8 0
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After partial desiccation (Fig. 1D) mature embryos underwent germination on medium 
with charcoal. They developed into plantlets with green cotyledons, red hypocotyl and 
white radicula. A high rooting percentage was achieved for all tested species (Table 3). In 
previous work (Vooková, Kormuťák 2001) the effi cacy of the same germination medium 
was tested also for some Abies hybrids and its general application was confi rmed. Plantlets 
that had formed a radicle were transferred to a soil / peat / perlite mixture. During the 
seven-months-period after transfer to the soil some of them had survived (Fig. 1E). 

Our results showed that the same experimental conditions were suitable for plantlet 
regeneration of the all tested species. It seems that plantlet regeneration of more Abies
species can be achieved using the same experimental conditions, but probably optimizing 
for individual species can signifi cantly affect the yield of regenerants.
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Table 3. Germination of somatic embryos of Abies species on germination medium. Means ± SE, 
n = 6

Species Embryos forming roots (%)
Abies cilicica 75.0 ± 6.8
Abies numidica 85.5 ± 4.1
Abies concolor 77.1 ± 5.2
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