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Abstract Somatic embryo quality is still a problem for

many researchers. To improve the efficiency of germina-

tion, special procedures are used, such as partial drying of

somatic embryos at high relative humidity or desiccation in

the presence of supersaturated solutions of salt. In this

work, cotyledonary somatic embryos of Norway spruce

(Picea abies) and Serbian spruce (P. omorika) were placed

on culture media (ME or BM-5) to germinate. We found

that after 4 weeks of incubation on these media, hypocotyl

and radicle growth of control (non-dried) somatic embryos

of both species was not adequate to yield seedlings able to

acclimatize to greenhouse conditions. Therefore, somatic

embryos were partly dried at relative humidity of 97 % or

desiccated at relative humidity of 79 %, for 2 or 3 weeks,

and then placed on the Margara (ME) medium. Partial

drying of somatic embryos at the higher relative humidity

(97 %) enabled an improvement of radicle growth of ger-

minating somatic embryos in both species. The highest

conversion rate (45 %) was obtained for embryos of Nor-

way spruce maintained for 2 weeks at relative humidity of

97 %. This treatment contributed to the improvement of

germination and conversion efficiency of somatic embryos

of Norway spruce, regardless of the drying period.

Improved radicle growth facilitated development of better

quality seedlings of this spruce species. In Serbian spruce,

we did not obtain seedlings of sufficient quality, due to

poor hypocotyl growth. Desiccation at humidity of 79 %

for 3 weeks proved to be lethal to somatic embryos of both

species.
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Abbreviations

ABA Abscisic acid

BA 6-Benzyladenine

BM-5 Gupta and Holmstrom medium

ME Margara medium

PEG Polyethylene glycol

Picloram 4-Amino-3,5,6-trichloropicolinic acid

Introduction

Somatic embryogenesis is an alternative to traditional

methods of tree propagation (from seeds or vegetatively). It

makes a lot of genetically valuable plant material available

in a short time.

Proper germination of somatic embryos enables their

conversion into seedlings. The conversion of embryos into

somatic seedlings is indicated by development of both

functional radicle and shoot system (Hay and Charest

1999). This is a key step to the transfer of plants from

in vitro culture to natural conditions.

The quality of somatic seedlings is largely determined

by nutritional, physical and chemical conditions applied

during the successive stages of somatic embryogenesis

(Lazzeri et al. 1987). To date, for some conifer species, the

Communicated by J. van Staden.

T. Hazubska-Przybył (&) � A. Obarska � K. Bojarczuk

Institute of Dendrology, Polish Academy of Sciences,

Parkowa 5, 62-035 Kórnik, Poland
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effect of various environmental factors on the germination

of somatic embryos has been studied (Uddin et al. 1989;

Webster et al. 1990; Hay and Charest 1999; Hogberg et al.

2001). Some of the first factors studied were: medium

composition, light versus dark culture, and position of

embryos on the media (Uddin et al. 1989). In later studies,

more attention was paid to the effect of procedures applied

during the development of somatic embryos of Norway

spruce (Picea abies) from embryogenic tissue on their

subsequent ability to germinate (Bozhkov and von Arnold

1998; Hogberg et al. 2001). Bozhkov and von Arnold

(1998) demonstrated that polyethylene glycol (PEG) added

to the medium at the stage of formation of embryos from

embryogenic tissue of P. abies had an inhibitory effect on

further development of somatic embryos. In turn, Hogberg

with team (2001) showed a similar effect of abscisic acid

(ABA) on the development of somatic embryos in seed-

lings of this spruce species. Park et al. (1998) and Park

(2002) emphasized that germination capacity depends only

marginally on genetic factors. Therefore, to improve the

quality of somatic seedlings, particular attention should be

paid to environmental conditions during the germination

stage (Stasolla and Yeung 2003).

To avoid problems with germination of somatic

embryos of conifers, some researchers subjected them to

partial drying at high relative humidity (Roberts et al. 1990,

1991; Attree et al. 1995; Find 1997; Jones and van Staden

2001) or desiccation in the presence of supersaturated

solutions of salt (Roberts et al. 1990; Lelu et al. 1995;

Dronne et al. 1997). These treatments result in dehydration

of the embryos to varying extents and, consequently,

improved efficiency of their germination and conversion

into seedlings.

The aim of our study was to determine the effect of the

two selected culture media, partial drying at high relative

humidity, and desiccation, on germination and conversion

of somatic embryos of two spruce species into seedlings.

Materials and methods

Plant material

Somatic embryos were obtained from embryogenic tissues

of Norway spruce (Picea abies) and Serbian spruce (P.

omorika). They were induced from mature zygotic

embryos taken from seeds gathered in the experimental

forest ‘Zwierzyniec’ near Kórnik (provenance experiment,

trees developed from seeds originating from Kolonowskie)

and in the Kórnik Arboretum, respectively. Explants

(zygotic embryos) were placed on half-strength Litvay’s

medium (1/2 LM, Litvay et al. 1985) supplemented with

4-amino-3,5,6-trichloropicolinic acid (Picloram 9 lM),

6-benzyladenine (BA 4.5 lM), and sucrose (10 g/l). The

same medium was used for maintenance of the induced

embryogenic tissues of both species. Cotyledonary somatic

embryos for germination were collected from two

embryogenic lines (one for each species of spruce) grown

for 5 weeks on 1/2 LM medium supplemented with ABA

(20 lM), sucrose (34 g/l), and Phytagel (agar substitute

gelling agent, Sigma–Aldrich 6 g/l).

The experiments on germination were carried out based

on the most productive lines in terms of number of coty-

ledonary somatic embryos per 1 g of embryogenic tissue.

Experiment I: effect of culture media

Somatic embryos of Norway spruce and Serbian spruce at

the cotyledonary stage (Fig. 1) were selected and placed on

two germination media: Margara medium (ME, Margara

1977) or Douglas-fir basic culture medium (BM-5, Gupta

and Holmstrom 2005), without growth regulators but with

sucrose (20 g/l). They were cultured for 2 weeks in the

dark, at 22 ± 1 �C, and for the next 2 weeks in blue–red

LED light (light intensity 35 lM m-2 s-1). Subsequently,

embryos were cultured on the same media for another

month. For each species, 20 embryos were placed in one

Petri dish (diameter 90 mm). The experiment was per-

formed at least twice, depending on the number of embryos

at the cotyledonary stage obtained after treatment of

embryogenic tissue with ABA.

After 4 weeks, the germination capacity of somatic

embryos was determined and their growth was assessed,

based on hypocotyl and radicle measurements. Conversion

Fig. 1 Somatic embryos of Norway spruce (Picea abies) at the

cotyledonary stage, taken for germination. Bar 5 mm
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rate was determined during the next month of incubation

on the selected media. Somatic embryos were considered to

be converted into seedlings if the hypocotyl was C10 mm

and the radicle was C5 mm long, and if root hairs and

primordia of apical buds appeared.

Experiment II: effect of relative humidity

The Petri dishes with about 20 cotyledonary somatic

embryos per dish were placed in glass jars at relative

humidity levels of 79 or 97 %, which were obtained by

placing near the Petri dish a saturated saline solution

(NH4)2SO4 (Rockland 1960) or sterile-distilled water,

respectively. Somatic embryos were subjected to both

relative humidity levels for 2 and 3 weeks in the dark, at

22 ± 1 �C. In the control variant, embryos were not sub-

jected to drying or desiccation. The experiment was per-

formed three times.

To determine the water content of somatic embryos,

they were weighed before and after exposure to the specific

relative humidity levels. The water content of somatic

embryos was determined on a fresh weight basis according

to the standards set by the International Seed Testing

Association (Roberts et al. 1990):

% moisture content ¼ fresh wt � dry wt=fresh wt

� 100

Somatic embryos after partial drying or desiccation were

placed on the ME germination medium and incubated

under the same conditions mentioned above. After 4 weeks

of incubation, the germination capacity of somatic embryos

was determined. As in the previous experiment, the ability

of dried embryos to grow was evaluated based on mea-

surements of hypocotyl and radicle length. Conversion rate

was assessed as in Experiment I.

Statistical analysis

The StatisticaTM10 (Statsoft Poland) package was used for

data analysis. Data collected in Experiment I were ana-

lyzed using the Kruskal–Wallis test, while data from

Experiment II were analyzed using the Tukey test (for

uneven numbers of repetitions), at the significance level of

p [ 0.05.

Results

Experiment I: effect of culture media

Somatic embryo germination capacity in both species of

spruce was high and reached C90 % regardless of the

medium used (Table 1). Hypocotyl and radicle growth

began during the first 2 weeks of embryo incubation in the

dark on both tested media. In the next weeks of incubation

in the light, however, usually a marked growth of the

hypocotyl was observed, while radicle growth was poor.

Only a few embryos produced radicles C5 mm long, so

conversion rate was very low: up to 2.2 % for Norway

spruce and up to 3.4 % for Serbian spruce (Table 1).

In general, somatic embryos of Norway spruce were

characterized by more intensive growth during incubation

on both media, as compared to embryos of Serbian spruce

(Figs. 2, 3). However, synchronization of hypocotyl and

radicle growth for Norway spruce embryos were poorer.

Hypocotyl length averaged about 13 and 12 mm for

embryos incubated on the ME and BM-5 media, respec-

tively (Fig. 2). Radicle length was about 2.2 mm. In

somatic embryos of Serbian spruce, better synchronization

of hypocotyl and radicle growth was observed on the BM-5

medium (Fig. 3). Both hypocotyl and radicle lengths were

about 3 mm. However, some abnormalities in the structure

of embryos of both species were observed (swollen hypo-

cotyl, poorly developed cotyledons) on the BM-5 medium.

On the ME medium, the hypocotyl of somatic embryos of

Serbian spruce reached an average length of 5 mm, and

Table 1 Germination capacity and conversion rate of non-dried

somatic embryos of selected lines of Norway spruce (Picea abies) and

Serbian spruce (P. omorika), depending on the applied medium

(mean ± standard error)

Species Medium No. of embryos

on medium

Germination

(%)

Conversion

(%)

Norway

spruce

ME 258 99.31 ± 0.70 2.21 ± 1.24

BM-5 102 98.41 ± 1.59 1.71 ± 1.71

Serbian

spruce

ME 415 92.55 ± 2.07 3.41 ± 1.78

BM-5 277 90.83 ± 2.66 0.00 ± 0.00

Hypocotyl p=0.5342 
Radicle p=0.7866
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Fig. 2 Influence of incubation on the tested media on germination of

somatic embryos of Norway spruce (Picea abies). Mean ± standard

error
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radicle length of 3.7 mm (Fig. 3). There were no signifi-

cant differences in the growth of both plant organs for

embryos of Norway spruce between culture media (Fig. 2).

Significant differences in hypocotyl growth were noted for

embryos of Serbian spruce (Fig. 3) where embryos cul-

tured on the ME medium produced hypocotyls which were

almost twice as long as those incubated on BM-5.

Experiment II: effect of relative humidity

After partial drying of somatic embryos at high relative

humidity of 97 %, water content of the embryos was

reduced by about 23 % in Norway spruce and 26 % in

Serbian spruce (Table 2). Desiccation of embryos at rela-

tive humidity of 79 % caused the water content to decrease

by about 61 % on average. We observed that duration of

drying/desiccation at the specified relative humidity levels

and the origin of embryos had a small effect on the

reduction of water content in somatic embryos (Table 2).

The germination capacity of somatic embryos of Nor-

way spruce was 100 % after partial drying at relative

humidity of 97 %, regardless of duration of the treatment

(Table 3). However, after desiccation at relative humidity

of 79 %, only around 5 % embryos were able to germinate

after 2 weeks of desiccation. If somatic embryos were

desiccated longer, they lost the capacity to germinate

(Table 3).

Also, somatic embryos of Serbian spruce reached 100 %

germination level after partial drying at high relative

humidity for 3 weeks (Table 3), whereas the embryos

subjected to 97 % humidity for 2 weeks were characterized

by a slightly lower germination capacity (92.06 %), which

was comparable with the control (92.55 %). After desic-

cation of somatic embryos at relative humidity of 79 %,

only 9 % of embryos treated for 2 weeks were capable of

germination (Table 3). A longer desiccation period resulted

in a lack of somatic embryo germination, as in Norway

spruce.

Partial drying (at 97 % relative humidity) of somatic

embryos of Norway spruce contributed to the improved

rate of their conversion into seedlings, from 2 % in the

control to 45 and 42 % for 2 and 3 weeks of treatment,

respectively (Table 3). In contrast, somatic embryos des-

iccated at 79 % relative humidity were not capable of

conversion into seedlings.

For Serbian spruce, the rate of conversion of somatic

embryos into seedlings was only slightly higher after

incubation at relative humidity of 97 % for 2 weeks than in

the control (Table 3). Somatic embryos incubated at rela-

tive humidity of 79 % were not capable of conversion into

seedlings, as in the case of Norway spruce embryos.

Partial drying had a positive influence on the quality of

somatic embryos of Norway spruce and Serbian spruce.

After treatment of somatic embryos at high relative

humidity (97 %), radicle growth in embryos of both spe-

cies was improved, compared with the control (Figs. 4, 5).

The desiccation of somatic embryos at relative humidity of

79 % contributed to a significant lowering of the viability

and growth of embryos, which prevented their further

development into seedlings (Figs. 4, 5; Table 3).

After partial drying, the pattern of development of

somatic embryos of Norway spruce seedlings differed

remarkably from the development of embryos of Serbian

spruce. In the control, somatic embryos of Norway spruce

had much longer hypocotyls than radicles (Fig. 4). The

embryos dried at relative humidity of 97 %, produced

slightly shorter hypocotyls and much longer radicles,

compared with the control (Fig. 4), which indicates a more

synchronized development of both plant organs.

The highest average radicle length (6.86 mm) was

obtained for embryos dried at the high relative humidity for

Hypocotyl p=0.0105
Radicle p=0.3938 
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Fig. 3 Influence of incubation on the tested media on germination of

somatic embryos of Serbian spruce (Picea omorika). Mean ± stan-

dard error

Table 2 Water content decrease in somatic embryos of Norway

spruce (Picea abies) and Serbian spruce (P. omorika) subjected to

partial drying or desiccation at specified relative humidity levels

Species Relative

humidity

(%)

Drying

period

(weeks)

Water content

decrease (%)

Average water

content

decrease (%)

Norway

spruce

97 2 21.84 ± 3.58 23.22 ± 6.99

3 24.59 ± 10.39

79 2 60.97 ± 3.20 61.55 ± 1.73

3 62.13 ± 0.26

Serbian

spruce

97 2 24.64 ± 8.74 26.03 ± 5.49

3 27.41 ± 2.24

79 2 58.46 ± 2.87 60.83 ± 2.73

3 63.19 ± 2.59

Mean ± standard error
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3 weeks (Fig. 4). This result is 3-fold higher than in the

control (2.38 mm).

Partial drying of Norway spruce somatic embryos at

high relative humidity led to an over 20-fold increase in the

rate of conversion of embryos into seedlings (to about

45 %), as compared with the control (Table 3). Somatic

seedlings of Norway spruce obtained in this way exhibited

organized development, manifested by a well-developed

radicle, with the first root hairs (Fig. 6) and needles sur-

rounding the apical bud (Fig. 7).

In contrast, the control somatic embryos of Serbian

spruce were characterized by a more synchronized devel-

opment, where the hypocotyl and radicle length did not

differ as much as in Norway spruce embryos (Figs. 4, 5).

After drying of embryos at high relative humidity (97 %),

synchronization of radicle and hypocotyl growth was

lower, due to a more intensive growth of the radicle

(almost twice as long) and a similar increase in hypocotyl

length, compared with the control (Fig. 5). Therefore, in

this species, conversion of embryos into somatic seedlings

(Table 3) was hampered by a 26 % water loss (Table 2).

Discussion

We used two media for germination of somatic embryos of

Norway and Serbian spruce (ME or BM-5). More than

90 % of somatic embryos were able to germinate on both

media. The BM-5 medium proved to be more effective in

terms of synchronization of hypocotyl and radicle growth

(especially in Serbian spruce). However, the embryos

cultured on this medium often showed abnormal growth

(swollen hypocotyl, poorly developed cotyledons). There-

fore, the BM-5 medium proved to be useless for

Table 3 Germination capacity

and conversion rate of somatic

embryos of selected lines of

Norway spruce (Picea abies)

and Serbian spruce (P. omorika)

after drying at specified relative

humidity levels

Mean ± standard error

Species Relative humidity during

drying

Drying

period

(weeks)

No. of

embryos

Germination

(%)

Conversion

(%)

Norway

spruce

Control (no drying) 0 258 99.31 ± 0.70 2.21 ± 1.24

97 % 2 47 100.00 45.26 ± 7.39

3 55 100.00 42.27 ± 2.96

79 % 2 59 4.76 ± 4.76 0.00

3 61 0.00 0.00

Serbian

spruce

Control (no drying) 0 415 92.55 ± 2.07 3.41 ± 1.78

97 % 2 63 92.06 ± 7.94 4.76 ± 4.76

3 54 100.00 3.27 ± 1.65

79 % 2 57 9.26 ± 9.26 0.00

3 56 0.00 0.00

Hypocotyl p=0.00000 
Radicle p=0.00000
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Fig. 4 Effect of partial drying or desiccation at specified relative

humidity levels for 2 and 3 weeks (W) on hypocotyl and radicle

length in germinating somatic embryos of Norway spruce (Picea

abies). Mean ± standard error
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Radicle p=0.00000
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Fig. 5 Effect of partial drying or desiccation at specified relative

humidity levels for 2 and 3 weeks (W) on hypocotyl and radicle

length in germinating somatic embryos of Serbian spruce (Picea

omorika). Mean ± standard error
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germination of both spruce species. Somatic embryos

incubated on the ME medium were characterized by nor-

mal morphology of the radicle and hypocotyl. However,

the growth intensity of hypocotyl and radicle differed

significantly. Slow synchronization of hypocotyls and

radicle growth of seedlings of both spruce species have

been already observed in our previous study during incu-

bation of somatic embryos on the ME medium (Hazubska-

Przybył and Bojarczuk 2008). For comparison, Bercetche

(1989) successfully applied the ME medium for germina-

tion of Norway spruce somatic embryos. The author

reported that about 40 % of the embryos produced the first

needles after 2 weeks of incubation on this medium. In our

previous experiments, the formation of the first needles

took place after at least 4 weeks of incubation of the

somatic embryos on ME medium (unpublished data).

In our study, the majority of somatic embryos produced

very short radicles (2–3 mm) regardless of the type of

medium used. Consequently, the conversion rate was very

low (2 % for Norway spruce and 3 % for Serbian spruce),

which prevented obtaining high-quality somatic seedlings

of both species. In earlier studies, the conversion rate of

somatic embryos of Norway spruce into seedlings was

5–35 % (von Arnold and Hakman 1988; Becwar 1993; Hay

and Charest 1999). For other coniferous species, the con-

version capacity varied widely: 7–92 % in Larix 9 lepto-

europea (Lelu et al. 1995); 49 % in Pinus caribaea (David

et al. 1995) and 80–92 % in Picea glauca (Attree et al.

1994).

To improve the quality of seedlings of both spruce

species, we subjected somatic embryos to relative humidity

of 79 or 97 % and then incubated them on the ME ger-

mination medium. Partial drying of somatic embryos at the

higher relative humidity contributed to a significant

improvement of embryonic radicle growth in both species

(Figs. 4, 5). Consequently, an improvement of the con-

version rate of somatic embryos of Norway spruce in the

seedlings from 2 to 45 % (Table 3) was noticed. In the case

of somatic embryos of Serbian spruce, the conversion rate

did not change, in spite of the applied treatment. This was

manifested by the unequal and poor growth of hypocotyls

(less than 10 mm), which was unaffected by partial drying

at relative humidity of 97 % (Fig. 5).

Many studies have shown a positive effect of drying/

desiccation of mature somatic embryos of conifers on

germination and conversion (Roberts et al. 1990; Hogberg

et al. 2001; Pond et al. 2002; Szczygieł et al. 2007; Mar-

uyama and Hosoi 2012). Roberts with co-workers (1990)

were able to increase the germination efficiency of somatic

embryos of interior spruce (a mixture of Picea glauca and

P. engelmannii from the interior of British Columbia) to

90 % following treatment at humidities greater than 95 %.

Szczygieł and colleagues (2007) improved the germination

capacity of somatic embryos of Norway spruce by partial

drying at relative humidity of 95–97 %. After 4 weeks of

treatment, over 80 % of embryos were capable of germi-

nation. In the case of silver fir somatic embryos, the high

capacity for germination (69–79 %) was obtained after

3 weeks of drying (Szczygieł et al. 2007). Recently,

Fig. 6 Seedlings of Norway spruce (Picea abies) with well-devel-

oped root hairs, after germination on ME medium of somatic embryos

that had been partially dried at 97 % relative humidity. Bar 5 mm

Fig. 7 Typical somatic seedling of Norway spruce (Picea abies),

with first needles visible around the apical bud, obtained after partial

drying of embryos at 97 % relative humidity. Bar 10 mm
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Maruyama and Hosoi (2012) improved germination and

conversion rate of somatic embryos of the three Japanese

pine species (Pinus thunberghii, P. densiflora, and P. ar-

mandii var. amamiana) using the slow drying of embryos

at high relative humidity (98 %). Germination capacity and

conversion rate increased from 19 to 81 %, and from 15 to

77 %, respectively, compared with the undried control.

A few reports indicate no effect or a negative effect of

desiccation on germination and conversion of somatic

embryos of conifers (Roberts et al. 1990; Attree et al. 1991;

Bomal and Tremblay 1999). Desiccation of somatic

embryos of white spruce at relative humidity of 81 % did

not contribute to improvement of germination and sub-

sequent development into plantlets (Attree et al. 1991).

This procedure proved to be ineffective also in the case of

somatic embryos of black spruce (Picea mariana Bomal

and Tremblay 1999). Undried somatic embryos germinated

and converted into plantlets at rates similar to embryos

desiccated at relative humidity of 79 % or more. Desic-

cation treatment at relative humidity of 81 % proved to be

lethal to somatic embryos of interior spruce (Roberts et al.

1990). This last result is similar to our results, because

desiccation of somatic embryos of both spruce species at

relative humidity of 79 % for 2 and 3 weeks proved to be

negative or lethal for most of them.

To induce normal germination of the embryo of dry

spruce seeds, a 61 % decrease in moisture content is

required. In the case of somatic embryos, which are sen-

sitive to severe water loss, a much lower decrease of

moisture content is enough (about 5 %) to achieve proper

germination (Roberts et al. 1990, 1991). Roberts et al.

(1991), for example, improved germination and post-ger-

minative growth and development of Picea sitchensis

(sitka spruce) after reducing the moisture content by 15 %.

Somatic embryos of different spruce species may respond

in different ways to desiccation treatments. For example,

for interior spruce, desiccation at relative humidity of 81 %

proved to be lethal (Roberts et al. 1990), while for black

spruce, strong inhibition of root and hypocotyl growth were

noticed only after desiccation at relative humidity of 63 %

(Bomal and Tremblay 1999). Similarly partial drying at

relative humidity of 97 % not always contributed to the

improvement of germination and conversion rates of

somatic embryos of spruces (Bomal and Tremblay 1999).

In our study, only partial drying contributed to

improvement of germination rate in both spruce species.

We obtained also better conversion of Norway spruce

somatic embryos after this treatment. Desiccation at rela-

tive humidity of 79 % proved to be ineffective for

improving the quality of somatic seedlings, because of

excessive water loss (more than 60 %). Poor growth of

somatic embryos of Serbian spruce hypocotyls after partial

drying at relative humidity of 97 % results in our opinion

from the quality and genotype of the embryos taken for

drying. Bomal and Tremblay (1999) showed that during

desiccation of somatic embryos of black spruce under

different relative humidities (97, 88, 79 and 63 %), hypo-

cotyl elongation was always inhibited, but this did not

affect plantlet conversion. We observed the same phe-

nomenon in Norway spruce somatic embryos (Fig. 4). The

length of hypocotyls of Serbian spruce somatic embryos

after partial drying at relative humidity of 97 % was similar

to the hypocotyl length of control embryos whereas there

were significant differences in the length of radicles of

germinating embryos relative to the control (Fig. 5). Thus

the effect of partial drying on hypocotyls of Serbian spruce

growth was low. Nutritional, physical, and chemical con-

ditions used in the earlier stages of the development of

somatic embryos may affect their quality and, conse-

quently, their subsequent ability to grow in somatic seed-

lings (Bozhkov and von Arnold 1998; Hay and Charest

1999; Hogberg et al. 2001). For example, application of the

higher concentration of sucrose (6 %) during maturation of

black spruce somatic embryos resulted in the induction of

high germination and plantlet development (Bomal and

Tremblay 1999). Somatic embryos of Serbian spruce

matured in the presence of 3.4 % of sucrose and thus the

osmotic potential of the medium was not enough to provide

a natural draught stress during embryogenesis, which could

improve the germination and conversion into plantlets.

However, in our previous work we observed that somatic

embryos of some lines of Serbian spruce matured in the

medium supplemented with this concentration of sucrose

were capable of high conversion (60–100 %) without the

drying phase (Szczygieł et al. 2007). Thus, we think that

apart from the quality of somatic embryos of Serbian

spruce after maturation, the influence of genotype of

somatic embryos was also not without significance,

although according to Park (2002) the genetic effects are

the lowest in the whole somatic embryogenesis process at

the germination stage.

Desiccation is a natural process that occurs in seeds in

the final step of maturation (Angelovici et al. 2010). As a

result of water loss the seeds prepare for quiescence and

next for germination. In most species of conifers, partial

drying or desiccation of somatic embryos is essential for

the proper development of seedlings (Roberts et al. 1990;

Find 1997; Bomal and Tremblay 1999). Drying/desiccation

treatment causes changes in expression of genes involved

in embryo maturation in favor of genes controlling

germination (Kermode and Bewley 1985). During this

treatment, multiple changes in transcriptional, post-tran-

scriptional and metabolic processes are initiated (Angelo-

vici et al. 2010). Dehydration initiates the desiccation

tolerance program in the cells of the embryos, as evidenced

by the increase in the concentration of non-reducing di- and
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oligosaccharides, compatible solutes and specific proteins

(the late embryogenesis abundant proteins—LEAs and heat

shock proteins—HSPs; Hoekstra et al. 2001).

In conclusion, we were able to improve the conversion

rate and quality of Norway spruce somatic seedlings by

partial drying, which confirms results of previous research

on the effectiveness of this method. However, the results

obtained for Serbian spruce were not satisfactory. This may

have resulted from the genotype and condition of embryos

collected for germination, which may require a special

treatment at the maturation stage to improve their sub-

sequent growth.
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