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Introduction

The gametophyte or prothallus is the most sensitive phase of the life cycle in

Pteridophytes (ferns), their development being influenced by a series of factors, external and

internal. From among the first we name: temperature (Pangua et al. 1994), humidity, inten-

sity and quality of light (Miller 1968, Howland & Edwards 1979, Dyer 1979, Dyer & King

1979), density of cultivated prothalli, composition of culture media (Korpelainen 1994),

ecological conditions in the case of germination in the natural environment of the ferns

(Greer & McCarthy 1999), the duration and conditions of conservation ofpteridospores col-

lected (Andrei & Soare 1999, Quintanilla et al. 2002), acid rain (Evans & Bozzone 1978),

internal factors are e.g. antheridiogenes (Döpp 1950, Chasan 1992), the ploidy of spores

(Kott & Peterson 1974).

Material and method

Asplenium ruta-muraria L. (Aspleniaceae), gathered at the ancient castle of

Râşnov, county Braşov, Cyrtomium falcatum (L. fil.) С. Presl (Dryopteridaceae), taken from

the Botanical Garden "Dimitrie Brandza", Bucureşti, Dryopteris dilatata (Hoffm.) A. Gray

(Dryopteridaceae), gathered in the Capra Valley (Făgăraş Mountains). To produce gameto-

phytes of these species we chose a rather unusual method, namely cultivation of green

(immature) sporangia (son), incompletely differentiated, this method necessitating a small

amount of material. The green sporangia bearing leaf segments were first hydrated and then

immersed in ethanol for one minute; afterwards they were sterilized for 3-10 minutes in a

6% solution of calcium oxychloride. After sterilizing the material was washed three times

with sterile distilled water. From the leaf segments son were taken up with the aid of a

lanceolate needle and inoculated into the culture medium o,sxMurashige Skoog free of hor-

mones, placed in Petri boxes. The culture recipients were wrapped in transparent adhesive

folia and stored in a growing chamber, at 25° C and fluorescent light acting 16 hours daily.
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Results and discussions

Each cultivated explant gives rise to a group of prothalli. During differentiation pro-

thalli pass through characteristic stages, which are prothallic filament (Fig. 1-3), spathulate

prothalli blade (Fig. 4-13), cordate prothallus. This differentiation starts at 2-3 weeks after

initiation of the culture. A particular characteristic of prothallic filaments produced by these

expiants is their branching, each branch differentiating into a prothallus, so that a very great

number of prothalli is obtained.

Papillae are formed always after the stage of prothallic filament, their differentia-

tion being proceeded by a homoheteroplastic (asymmetric) division of the prothallus cell,

while the papilla is separated from the prothallus cell by a convex wall. These papillae,

formed initially in the apical region of the young gametophyte (Fig. 9, 12,13) and finally in

the region of the apical meristem of the cordate mature prothallus, can be found, due to the

growth of the prothallus, from the apical region as far as to the basal region (Fig. 16), on the

margins and on the both surfaces. Independent of their position on the prothallus papillae

are oriented towards the prothallus apex, in contrast to rhizoids which are oriented towards

the basal part. Papillae contain numerous chloroplasts, nucleus, dense cytoplasm, which

become finely granulöse at the tip (Fig. 15). In Dryopteris dilatata papillae secern an extra-

cellular secretion (Fig. 15). Unicellular secretory hairs (papillae) have been observed in

many Aspidiaceae (Stokey 1951), in Bolbitis presliana (Nayar & Kaur 1965) etc. In

Asplenium ruta-muraria numerous papillae are formed, sometimes in a row. Besides uni-

cellular papillae in Asplenium ruta-muraria one observes also bicellular hairs. At the same

species one prothallian cell produces two papillae, especially the cells from the tips of the

prothallian branchings (Fig. 14). Such cells have been observed also in Stenochlaena

tenuifolia (Nayar et al. 1966).

Rhizoids are formed in the basal region of the gametophyte, likewise by asymme-

tric divisions of prothallian cells (Fig. 16, 17). They are unicellular and the nucleus is sub-

apical, the wall is thin, colourless or brownish. In Asplenium ruta-muraria rhizoids contain

dropllets of oil, yellow and of variable size (Fig. 18-20). In Dryopteris dilatata they possess

chloroplasts. In Cyrtomium falcatum 72% of the analyzed prothalli present branched rhi-

zoids, where the nucleus occupies the longer branch (Fig. 21-23,27,28). Some rhizoids are

incompletely septate (Fig. 24, 25). In Asplenium ruta-muraria rhizoids may have a

recurved, forked or branched tip (Fig. 19, 20). In all analysed species there are prothallian

cells which generate both, one papilla and one rhizoid. These cells are located in the basal

region, on the margins and on the prothallus surface, while the papilla is generated prior to

the rhizoid (Fig. 26-29).

Antheridia have the structure characteristic for leptosporangiate ferns; their wall

comprises three cells: the basal cell, the annular cell and the cover cell (Fig. 30). Seldom, in

Cyrtomiumfalcatum a prothallian cell found a papilla and an antheridium, while in Asplenium

ruta-muraria a rhizoid and an antheridium were formed by the same prothallus cell.

Arhegonia differentiate only in Asplenium ruta-muraria and Dryopteris dilatata

(Fig. 31, 32). Cyrtomium falcatum does not differentiate archegonia, here the sporophyte is

of apogamous origin.

The prothallian cell walls of Cyrtomium falcatum and Dryopteris dilatata present

collenchymatous thickenings at the cell corners. Such collenchymatous thickenings have

also been observed at the prothallus wings of Pellaea doniana and Pellaea rotundifolia
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(Nayar & Bajpai 1964), Bolbitis crispatula, Bolbitis costată, Bolbitis subcrenata (Nayar &

Kaur 1965), Cheilanthes thwaitesii (Nayar 1963) etc. These thickenings are cellulosic of

nature and occur on the whole surface of the prothallus (Fig. 33), not only on its wings as

in the species mentioned above. In Dryopteris dilatata thickenings are stronger and can be

observed in vivo, without clearing and staining the material. As seen in space (tridimen-
sional) the thickenings have the shape of cylindrical pillars.

Fig. 1-3 Prothallus filaments of Dryopteris dilatata: r-rhizoids (Original).

Fig. 4-13 Spathulate prothallus blades of Dryopteris dilatata: p-papillae (Original).

Fig. 14 Prothallian cells of Asplenium ruta-muraria on which pairs of papillae were

differentiated (Original).

Fig. 15 Papilla from Dryopteris dilatata: c-cytoplasm, cl-chloroplast, n-nucleus, s-secretion

(Original).
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Formation of rhizoids by asymmetrical divisions of prothallian cells in

Cyrtomium falcatum: p-papilla, r-rhizoids (Original).

Fig. 18 Rhizoid of Asplenium ruta-muraria: c-cytoplasm, n-nucleus, o-oil droplets

(Original).

Fig. 19

Fig. 20

Fig. 21

Rhizoid with forked tip of Asplenium ruta-muraria (Original).

Rhizoid with recurved tip of Asplenium ruta-muraria (Original).

Young rhizoid with forked tip of Cyrtomium falcatum (Original).

Fig. 22-23

Fig. 24-25

Branched rhizoids in Cyrtomium falcatum (Original).

Rhizoids with incomplete septae in Cyrtomium falcatum (Original).

Prothallian cells of Cyrtomium falcatum with papilla (p) and rhizoid (r)

(Original).

Fig. 30

Fig. 31

Fig. 32

Fig. 33

Antheridium of Cyrtomium falcatum: bc-basal cell, cc-cover cell, an-annular cell

(Original).

Archegonium neck of Dryopteris dilatata (Original).

Archegonium seen from above of Dryopteris dilatata (Original).

Thickenings of the prothallian cell walls in the region of the apical meristem in

Cyrtomium falcatum: p-papilla (Original).

Fig. 16-17

Fig. 26-29
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Conclusions

Due to the branching of the prothallic filaments results a very great number of pro-

thalli, each branch differentiating a prothallus.

Differentiating the prothalli pass through characteristic stages, namely prothallic

filament, spathulat prothallic blade, cordate prothallus.

By differentiation of the prothallian cells papillae, bicellular hairs, rhizoids,

antheridia and archegonia are formed.

Papillae are differentiated in the apical region of the gametophyte; they contain

chloroplasts and are secretory. In Asplenium ruta-muraria bicellular hairs are formed and on

some prothallian cells appear pairs of papillae.

Rhizoids differentiate in the basal region of the gametophyte. In the Asplenium

ruta-muraria they contain droplets of oil, in Dryopteris dilatata they contain chloroplasts.

In all analyzed species some prothallian cells have differentiated one papilla and one rhizoid

on the same cell.

Antheridia have the structure characteristic for leptosporangiate ferns, their wall

comprising a basal cell, an annular cell and a cover cell. In rare cases on the same prothal-

lian cell an antheridium and a papilla are formed, as in Cyrtomium falcatum, or an antheri-

dium and a rhizoid as in Asplenium ruta-muraria.

Archegonia are not differentiated in Cyrtomium falcatum, in this species the
sporo-

phyte is of apogamous origin.

The walls of prothallian cells present collenchymatous thickenings at the cell cor-

ners; these thickenings as seen in space have the shape of cylindrical pillars.
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PARTICULARITĂŢI MORFOLOGICE ALE GAMETOFITULUI

LA UNELE PTERIDOFITE

Rezumat: în lucrare prezentăm particularităţile morfologice ale gametofitului de

la Asplenium ruta-muraria L., Cyrtomium falcatum (L. fii.) С Presl, Dryopteris dilatata

(Hoffhî.) A.Gray.

Cuvinte cheie: Asplenium ruta-muraria L., Cyrtomium falcatum (L. fii.) C. Presl,

Dryopteris dilatata (Hoffm.) A. Gray, gametofit, papile, peri bicelulari, rizoizi, anteridii,

arhegoane, îngroşări colenchimatice, România.


