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ABSTRACT

There are many unresolved questions around the loss of viability of pteridophyte
spores and the most suitable conditions for long term conservation. The effects
of humid and dry conditions, different temperatures, and the short exposure of
spores to liquid nitrogen have been occasionally studied by various authors. 
The work presented here is the first result of a project focussed on long-term
conservation of spores of pteridophytes. Using species from different ecological
habitats, we show the effects of ultra-freezing, at -80ºC and -196ºC (LN) for six
months of storage, on the germination process as well as on the development of
the gametophyte until it reaches sexual maturity. 

We analyze and comment on the results obtained for the final germination
percentage and the germination rate, the final percentage of gametophytes that
reach the laminate developmental phase, and of gametophytes that attain the
sexual phase under the two conditions. All these data are referenced to the initial
viability of the samples used as well as to a control of spores stored at room
temperature (approx. 25ºC). 

INTRODUCTION

Conserving biodiversity involves maintaining the genetic variability of the different
groups of living species in all aspects. The pteridophytes are the oldest group of
vascular plants on Earth. As far as shapes, sizes and species are concerned, it was a very
varied and diverse group in days gone by. Nowadays, even though they are just a
shadow of that former abundance, they greatly contribute to the richness of plant
biodiversity, not only because of their floral significance but also for their phylogenetic
value.

A large percentage of pteridophytes tends to be associated with ecosystems that are
particularly sensitive to degradation (mature forest formations, humid areas and riparian
habitats, etc.), some of which are considered by present-day legislation as natural
habitats of community importance. Some of these taxa are included in the lists of
species of community interest which require strict protection. Other than contributing
to the conservation of species of a greater scientific interest and also to the maintenance
of biological biodiversity, in all the aspects this entails, their protection and
conservation also contribute to ensuring that these ecosystems are indeed maintained. 

In view of the clear need of conserving and regenerating ecosystems under threat,
and given that pteridophytes are very sensitive to environmental changes, it is essential
that their spores should be included in a germplasm bank in which material is to be
conserved for the biological-experimental study of the species as well as for the
conservation of biodiversity on a long-term basis. 
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Germplasm banks play an important role in the long-term ex situ conservation of
plant species. Seed conservation in germplasm banks is a reality supported by numerous
studies (Ellis et al., 1985; Dickie et al., 1990; Gómez-Campo, 2001). Nonetheless, no
conclusive studies exist as far as the conservation of pteridophytes is concerned to
guarantee a long-term conservation methodology. 

Various studies verify the relatively rapid loss of spore viability under
environmental conditions. This loss occurs in a few days (Equisetum sp.), a few months
(Osmunda regalis) or even a year or so (Onoclea sp. and Matteuccia sp.) in the case of
green spores; in a few months (Gleicheniaceae and Thyrsopteris elegans), between 1
year and a decade (the majority of species), and in exceptional cases, several decades
(Pellaea sp., Asplenium serra, Marsilea sp.) where non-green spores are concerned
(Lloyd & Klekowsky, 1970; Dyer, 1979; Page, 1979; Windham et al., 1986; Lindsay et
al. 1992). 

The different studies that have been conducted on this theme indicate causes of this
rapid viability loss: biochemical and metabolic factors, such as the deficiency of
respiratory substrates, the lack of membrane integrity, the inactivity of growth enzymes
and substances in non-green spores (Beri & Bir, 1993), or genetic factors such as
chromosomal mutations (Page et al., 1992). It has been indicated that the loss of
viability in green spores may be due to their high respiratory rate (Lloyd & Klekowsky,
1970), or to the loss of the capacity to recover photosynthetic activity after drying
(Lebkuecher, 1997). However, impacts of these causes are not completely clear because
experimentation has been conducted on this theme. 

On the other hand, most of the few studies that actually deal with the conservation
of pteridophytes have focussed on analysing which conditions are optimum to maintain
spore viability during storage. Different temperatures in germplasm banks have been
tested (4ºC, 5ºC, -12ºC, -20ºC, -70ºC), with both humid and dry conservation methods.
Even cryoconservation techniques using liquid nitrogen have been tested. Some studies
indicate that the autecology of the species may be a significant factor when establishing
conservation protocols. Other factors, such as the ploidy level, have been analysed in
different studies (Windham et al., 1986; Lindsay et al. 1992; Agrawal et al., 1993;
Simabukuro et al., 1998; Pence, 2000; Constantino et al., 2000; Quintanilla et al., 2002;
Aragon & Pangua, 2004). 

Extending spore viability up to 2 or 3 years in green spores has been achieved in the
Equisetum genus (Jones & Hook, 1970). Furthermore, spores from species such as
woodwardia radicans, Culcita macrocarpa, Athyrium filix-femina, Phyllitis

scolopendrium and many others, remained in storage and suffered no viability loss over
more than 12 or 24 months (Lindsay et al. 1992; Quintanilla et al., 2002; Aragon &
Pangua, 2004); also spores immersed in liquid nitrogen are still viable for at least 75
months (Pence, 2000). Generally speaking however, few quantitative and long-term
data exist that determine the best and most lasting way to conserve spores.

The study by Page et al. (1992) indicated that when spores are being stored, a need
exists to maintain not only their viability, but also both their growth capacity and
genetic integrity. In this respect, and as a novelty with regard to the rest of existing
works undertaken in this particular field, the effects of tested conditions regarding
germination and early development, the effects of late gametophyte development, along
with their capacity of completing the life cycle, will be analysed. This is the main
objective since what is being dealt with here is the discovery of which conditions are
optimum for the long-term storage of fern spores in germplasm banks. For this reason
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the spores need to be viable and capable of producing sporophytes, which are to be
subsequently used in both habitat restoration and for research purposes.

MATERIAL AND METHODS

This study has been carried out with 10 pteridophyte species present in the
Mediterranean area. The species and populations collected are shown in Table 1. In
order to obtain a significant sample of the variability in the natural population, work
was conducted with spores of at least 20 individuals per species.

For spore obtaining, collection sheets are prepared in glossy paper for the fronds
from the individuals collected in the field. These sheets are placed in a dry, aired place
under light pressure, and are left at room temperature for a week. After this time, the
spores which had fallen on the paper were collected and stored in glass vials once they
had been sifted with a 0.074 mm sieve in order to eliminate any remains of sporangia
and paleae. 

The spores were placed into Eppendorf tubes, approximately 1 mg/spores per tube.
The tubes were stored in the dark at 25ºC (laboratory temperature), -80ºC and –196ºC
(liquid nitrogen) for 6 months. After a fast defrost at 40ºC for 5 minutes, 1 mg spores
was suspended in 1 ml of liquid Dyer culture medium and dispensed 5 drops with a
micropipette among seven 5.5 mm petri dishes on culture medium with 1% agar (Dyer,
1979). The dishes were sealed thoroughly with Parafilm and incubated at 12 h light
photoperiod (daylight fluorescent tubes, photon irradiance 25-50 mmol m-2 s-1 in the
400-700 nm regions) at 20°C.

In order to observe the start of germination and how it developed, the percentage of
germinated spores was noted daily after 10th day, afterwards every three days. The final
spore viability was checked by analysing the germination percentage after 30 days, by
randomly counting 100 spores per dish and by considering those spores with either a
primary rhizoid or a first chlorophyllous cell as having germinated.

The percentage of gametophytes that reached the laminar developmental phase was
also analysed after 30 days. The laminar phase was taken as the initiation of the 2D
growth (the transition stage), that is, the first division in a perpendicular plane of the
prothallium cells. This date was chosen since it was the time when all the gametophytes
in the controls taken at zero time reached this phase. Subsequently gametophytes were
transferred to soil in order to check the correct appearance of the sexual phase in each
replica of the three treatments after 120 days. 

An arcsine transformation was applied to the percentage data, and a one-way
ANOVA or a t-test was used to analyse them. The Tukey test was used (p>0.05) on the
means to identify homogeneous groups. All statistical tests were carried out with the
SPSS program, version 11.0.

RESULTS

The obtained results (Table 2) show a 24-72 hour delay in the start of the germination
and in reaching T50 among the spores conserved at room temperature (25ºC) with
respect to those that were ultrafrozen. This delay does not occur in the species whose
germination began after 6 or more days, as is the case of Polystichum lonchitis,
Notholaena marantae and Ceterach officinarum, species from high mountainous terrain
and xerophilous environments, respectively.

If we look at Figure 1 we see that a significant viability loss has been revealed in all
the species used in the study (ANOVA, p-value <0.05) when they were kept at room
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Species Locality UTM Altitude Date

Asplenium onopteris Embalse del Pasteral
La Cellera de Ter, Girona.

31TDG64 600 m 20/04/2003

Notholaena marantae Órganos de Benitandús
Alcudia de Veo, Castelló.

30SYK22 650 m 23/05/2003

Cystopteris fragilis Maset del Zurdo
Vistabella del Maestrat, Castelló.

30TYK26 1380 m 12/06/2003

Pteris vittata Barranco de la Safor
Villalonga, València.

30SYJ30 260 m 03/07/2003

Dryopteris filix-mas Maset del Zurdo
Vistabella del Maestrat, Castelló.

30TYK26 1380 m 17/07/2003

Athyrium filix-femina Barranco del Mançanar
Vistabella del Maestrat, Castelló.

30TYK26 1400 m 17/07/2003

Polystichum aculeatum Font del Tilde
Vistabella del Maestrat, Castelló.

30TYK26 1200 m 18/07/2003

Thelypteris palustris Ullals Riu Verd
Massalavés, València.

30TYJ13 35 m 13/08/2003

Polystichum lonchitis Coma d’Amitges
Espot, Lleida.

31TCH31 2420 m 15/09/2003

Ceterach officinarum Barranco de Tiero
Benagéber, València.

30SXJ69 760 m 02/10/2003

TABLE 1. Collection details of the species used.
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Figure 1. Germination percentage of the different species after 6-month of storage at
25ºC, -80ºC and –196ºC in comparison with the initial value.
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Taxon
Storage

temperature
Germination’s
beginning day T50

Gametophytes in
laminar phase

(%)

Homogeneous
groups

Plates with
sexual

gametophytes

25ºC 5 6.5 98.4  0.3 a 7/7
-80ºC 4 6 99.1  0.7 a 7/7Asplenium

onopteris -196ºC 4 6 99.6  0.2 a 7/7

25ºC 6 8 91.6  1.8 a 7/7
-80ºC 4 5 95.6  0.6 a 7/7Athyrium

filix-femina -196ºC 4 5 95.0  1.5 a 7/7

25ºC 7 10 86.9  8.4 a 5/7
-80ºC 7 9.5 52.3  12.9 a 3/7Ceterach

officinarum -196ºC 7 9.5 71.4  12.3 a 5/7

25ºC 6 8 98.4  0.4 a 7/7
-80ºC 5 7.5 98.3  0.5 a 7/7Cystopteris

fragilis -196ºC 5 7.5 99.0  0.4 a 7/7

25ºC 5 7 99.3  0.3 a 7/7
-80ºC 4 5.5 99.3  0.4 a 7/7Dryopteris

filix-mas -196ºC 4 6 99.3  0.2 a 7/7
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25ºC 6 9 97.0  0.6 a 7/7
-80ºC 6 9 95.4  0.8 a 7/7Notholaena

marantae -196ºC 6 9 96.6  0.6 a 7/7

25ºC 5 6.5 98.1  0.3 a 7/7
-80ºC 4 5.5 98.1  0.6 a 6/7Polystichum

aculeatum -196ºC 4 5.5 98.3  0.6 a 7/7

25ºC 6 9.5 93.7  1.8 a 5/7
-80ºC 6 8 95.1  0.9 a 5/7Polystichum

lonchitis -196ºC 6 8 98.1  0.4        b 7/7

25ºC 4 5.5 99.3  0.3 a 7/7
-80ºC 3 5.5 98.6  0.6 a 7/7Pteris vittata
-196ºC 3 5.5 93.4  0.9        b 7/7

25ºC 6 8 91.0  1.4 a 6/7
-80ºC 5 6 94.0  1.1 a 7/7Thelypteris

palustris -196ºC 5 6 90.3  2.0 a 7/7

TABLE 2. Germination’s beginning day, T50, homogeneous groups (test tuckey a=0.05), the percentage of germinated spores that had become
two-dimensional gametophytes after 60 days, as well as the number of dishes with sexual gametophytes, are shown for each species and
temperature. 



temperature (25ºC), except for Ceterach officinarum, which maintains the same
germination percentage after a 6-month storage as those spores either stored at –80ºC
or at –196ºC in liquid nitrogen do. These germination percentages of those spores stored
in an ultra frozen state were no different to the controls taken after collecting plant
material, so therefore no viability loss was observed. Furthermore, those spores that do
not germinate were also seen to not swell in the same way as those that do germinate,
that is, there is no proper imbibition.

As for late gametophyte development, no negative effects to it were observed at any
of the temperatures tested in the study, as Table 2 shows, since more than 90% of
germinated spores in all the species (except Ceterach officinarum) and treatments reach
the two-dimensional gametophyte stage after a 30-day culture. Furthermore, sexual
structures develop in the gametophytes in virtually all the dishes after 120 days of
culturing, grow normally after transference to soil and completed their development.
This point is of great relevance when the aim is to obtain mature plant for populational
reinforcements.

DISCUSSION AND CONCLUSIONS

Agrawall et al. (1993) and Pence (2000) were pioneers in observing the effects that both
cryoconservation and long-term storage at a temperature of –196ºC (reached with liquid
nitrogen) have on spores. Their results are positive since they not only established that
cryofreezing does not kill spores, but also that spores remain viable after being stored
at this temperature for up to 75 months. However, the results from these studies are
qualitative and/or only focus on germination. Therefore, the real effect that
cryoconservation has on spore viability and on the subsequent gametophyte
development remained unknown.

Whittier (1996) also studied the effects that ultrafreezing at –70ºC had on Equisetum

hyemale green spores by observing that the viability of these spores could be prolonged.
After 16-month storage, more than a quarter of the spores stored remained viable, when
these do not survive more than 3 or 4 weeks at room temperature. 

After a six-month work period, our results provide the first quantitative data as well
as data regarding gametophyte development after ultrafreezing (-80ºC and –196ºC) in
non-green spores. We notice that not only does ultrafreezing not affect spore viability
after 6 months, but also that the gametophyte develops in perfect conditions, with no
sign of it being negatively affected. 

We could conclude a priori from this that ultrafreezing is seen to be a good
conservation method for both spore viability and genetic integrity of the conserved
material since no effects are provisionally observed on its development, that is, on its
phenotype. This is coherent with what is expressed in the bibliography on the
conservation of biological material at cryogenic temperatures (cryopreservation), a
process able to suppress biological reactions completely, therefore permitting this
material to be stored indefinitely. Thanks to cryobiology, cryopreservation processes
may be controlled in such a way that the damage cells suffer is the minimum, therefore
meaning that recovery is the maximum, providing the process is conducted properly.

By contrast, a considerable loss of viability exists in those spores stored at room
temperature (25ºC) in all the species tested, except for Ceterach officinarum.
Furthermore, a delay was seen in the start of those species whose germination initiation
is under 6 days. We have also seen that the non-germinated spores do not swell in the
same way as those that do germinate, that is, there is no proper imbibition, just as Beri
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& Bir (1993) demonstrated with Pteris vittata. 
The viability percentage of some species has dropped by more than 30%, as is the

case with Asplenium onopteris, Dryopteris filix-mas, Cystopteris fragilis, Polystichum

lonchitis, Athyrium filix-femina and Notholaena marantae. There are also some species
whose germination percentage has dropped less than 15%, as is the case of Polystichum

aculeatum, Pteris vittata and Thelypteris palustris. As far as these differences are
concerned, no relation of any kind has been observed as to them being able to influence
the autecology of the species, the lesure-type spores, the ploidy level, nor the taxonomic
group to which the different species belong.

In all the species where a viability loss occur after storage at 25ºC however, the late
gametophyte development of germinated spores occurs correctly without any
differences with regard to those conserved at ultra low temperatures. This provisionally
indicates that the viability loss after 6 months storage is produced by the alteration to
germination. However, there appears to be no damage in the genetic integrity of the
material. It will be necessary to await further data with longer storage times in order to
confirm this, and to also check the anomalous gametophyte proportion (digitate or
callus-like forms) that is produced in the two-dimensional phase, just as Smith &
Robinson (1975) point out. 

We have selected these parameters as a development measure because those that
measure early gametophyte development only indicate whether a delay in gametophyte
development exists (see for example Beri & Bir (1993) and Camloh (1999)). However,
we needed to record whether gametophyte development is completed correctly because
it is the data relating to germplasm bank spore conservation that interest us.

The fact that no delay to the germination initiation is noted in spores that germinate
from the sixth day, even though they lose viability at 25ºC, could be related to the
ecology of the species, since these species correspond to environments with water
deficiencies in the three cases observed: high mountainous terrain and xerophilous
environments. Without going into physiological questions, even though it would be an
interesting field to analyse, this might occur because the spore displays some
germination-delaying mechanism, even when imbibed in such a way that it increases
the chance of water availability during the subsequent gametophyte development.
Therefore, the delay may assume the slower imbibition which was pointed out by Beri
& Bir (1993). This behaviour could be a dormancy status as a survival strategy in
extreme xeric environments (Kornas, 1985).
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