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Abstract. Analyzing the embryogenetic processes in wild and cultivated Pinaceae, there were

observed anomalies in development of the female generative sphere. Most frequent were the

degenerations observed in the species cultivated in Bucureşti, where they were often correlated

with pollen grain sterility. In Pinus mugo the development of several archegonia in the same

gametophyte is described, as well as the existence of one archegonium in a nonspecific (basal)

position, while the other stays in micropylar position. In Pinus nigra subsp. banatica a prolifera-
tion of the primary endosperm has been observed, deteriorating laterally the nucellus. We con-

sider that when these anomalies are brought into discussion, one must not have in mind only cli-

matic conditions and the competition for nutrients, but rather a complex of factors, among which

atmospheric pollution plays an important role.
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Introduction

For the species of Pinus a series of anomalies in the development of the female

generative sphere have been described by different authors (cf. Schnarf 1933). So the

existence is reported of 9 archegonia lying in a row from the apex of the prothallus

laterally downwards in Pinus uncinata (Ferguson 1904); also 4 archegonia lying in pairs

in Pinus maritima (Saxton 1912); micropylar and basal archegonia in Pinus nigra subsp.

austriaca (Saxton 1909).

Trenin (1986) describes in Larix sibirica the presence in one ovule of 8 archego-

nia, belonging to two gametophytes. In the opinion of the author there are two possible

ways leading to this situation: either two macrospores from the same tétrade went on in

their development, or in the ovule two macrospore mother cells were generated, which

then developed normally. This last variant is thought to be the most probable by the

author.

In Larix decidua Slobodnik & Guttenberger (2000) describe following anomalies:

the cytoplasm of the macrospore mother cell strongly vacuolized, triade deformations,

abortion of the female gametophyte and finally degeneration of the entire ovule; develop-

ment on the same macrosporophyllum of a normal ovule and abortion of the other, abor-

tion of archegonia at various stages of development, archegonia located laterally,

archegonia linked by cytoplasm. Also in Larix decidua the degeneration of the chalazal

megaspore has been described (Rohr & Bonga 1984). In Larix occidentalisée degenera-

tion of the megaspore mother cell has been reported (Owens & Molder 1979).

The knowledge about these anomalies and their causes (which are rarely dis-

cussed and poorly elucidated) gains in importance when we consider that on European

level there a chronic decrease of conifer seed production is recorded (Slobodnik &

Guttenberger 2000).
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Material and methods

The biological material (female cones) has been collected from wild growing trees

in the Bucegi Mountains, in Gârbova Mountain, and in the Mehedinţi Mountains for Pinus

nigra subsp. banatica; from cultivated trees in Bucureşti (Botanical Garden and Herăstrău

park). Following taxa were analyzed: Abies alba, Larix decidua subsp. polonica, Picea

abies, Pinus mugo, Pinus nigra subsp. banatica, and Pinus sylvestris.

The collecting of the material was done periodically, from 1996-2000.

After fixing in Navashin-Bruun solution or in ethanol 70%, the material was

processed according to the rules of paraffin wax inclusion (Andrei & Rădulescu 1972), fol-

lowed by cutting on a Minot type microtome to 7-10 цт, staining in haematoxyline Ehrlich

and mounting in Canada balsam.

All cuttings were analyzed, photographed on a light microscope DOCUVAL and

commented. Our results were compared with the data offered by the special literature.

Results, discussions, conclusions

From the research-work done, referring to the reproductive structures of Pinaceae

from natural sites (Anastasiu 2001), we ascertained that the embryologie processes

deplay according to the data offered by the literature, almost without an exception. In the

material collected in Bucureşti, we found however frequent anomalies at the level of the

male reproductive sphere, as well as of the female reproductive sphere.

So, in Pinus mugo archegonia form almost a month earlier than observed on the

material gathered in the Bucegi Mountains. Frequently three archegonia are formed,

much rarer two. One of the anomalies met with is the formation of several archegonia

within the same ovule (6-8), each with its own covering layer or with a common covering

layer (Fig. 1). These archegonia possess central cells of normal look. The position of

these archegonia is no longer micropylar, they being sunk into the primary endosperm.

No boundary line has been detected, which would indicate the presence of two or more

gametophytes.
Another kind of anomaly met with is the presence of one archegonium in normal,

micropylar position, and of an unusual position, towards the basal end of the female game-

tophyte (Fig. 2). In the case of the material analyzed by us, we think that this behavior is due

to the stress suffered by the species under the climatic conditions and the pollution reigning
in the town. The multiplication of archegonia is the result of divisions of the archegonium
mother cell. This hypothesis is based on the fact that in the analyzed material there were not

observed in the primary endosperm more than one archegonium mother cell.

In Pinus sylvestris numerous cases of degeneration of the female gametophyte

(Fig. 3) were recorded, both at the stage of free nuclei and at cellularisation, this stage is

being seemingly the most sensitive. On the same megasporophyllum both ovules may be

aborted or only one of them.

In Pinus nigra subsp. banatica frequently an overdevelopment of the primary

endosperm has been observed, this destroying laterally the nucellus, and thus

endangering the later development of the ovule (Fig. 4). In this taxon too we observed

degenerations of the megagametophyte, while the integument develops normally (Fig.

5). The sterile seeds reach the same size as the fertile ones, differing merely by the

whitish hue of the seedcoat. In some preparations the presence of gametophytes of non-

specific structure could be observed (Fig. 6). Mention must be made that for this taxon

only material originating from natural sites was analyzed.

In Abies alba, Larix decidua subsp. polonica and Picea abies the only anomalies

found within female generative sphere are represented by degeneration of the megaga-

metophyte.
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Fig. 1 Pinus mugo - longitudi-
nal section through an ovule

(Bucureşti material). A detail where 6

archegonia in the same prothallus

can be seen (Oc. 12,5x; Obj. 10,

Enlargement 8, orig.).

Fig. 2 Pinus mugo - longitudinal

section through ovule (Bucureşti mate-

rial). A detail where a gametophyte

with two archegonia can be seen, one

in basal position, the other micropylar

(Oc. 12,5x; Obj. 10; Enlargement 6,3;

ohg.).

The process of degeneration found at the level of the female gametophyte are

correlated most often with sterility of pollen grains, this circumstance being characteristic

for the material collected in Bucureşti.

When talking about the causes of the degeneration of female gametophytes, usu-

ally are taken into consideration the unfavorable climatic conditions (the most important

cause) and the competition for nutrients (Kosinski 1986). We think, however, that a major

rule in the degeneration recorded at the level of the female reproductive sphere is played

by atmospheric pollution. For example there was observed the complete abortion of

female strobili in plantations of pine trees along heavily trafficked streets. We point out

once again, that in the case of material gathered in natural sites, degeneration of the

female gametophyte is an extremely rare phenomenon.
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Pinus sylvestris - longitudinal section through an aborted ovule (Oc. 12,5x; Obj

10; Enlargement 10; orig.).

Fig. 3

Pinus nigra subsp. banatica ■

longitudinal section through an ovule, the

overdeveloped female gametophyte is

destroing laterally the nucellus (Oc. 12,5x:

Obj. 10; Englargement 6,3; orig.).

Fig. 4
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Pinus nigra subsp. banatica - longitudinal section through an aborted ovule; the

normal development of the integument and the degeneration of the nucellus can be seen

(Oc. 12,5x; Obj. 3,2; Enlergement 25; orig.).

Fig. 5

Pinus nigra subsp. banatica -

longitudinal section through an ovule; the

nonspecific shape of the female gameto-

phyte can be seen (Oc. 12,5x; Obj. 3,2;

Enlargement 10; orig.).

Fig. 6
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ANOMALII ÎN DEZVOLTAREA GAMETOFITULUI FEMININ

LA UNELE PINACEAE

Rezumat: In urma analizei proceselor embriogenetice de la pinacee spontane şi

cultivate au fost detectate câteva anomalii în dezvoltarea sferei generative feminine. Cele

mai frecvente sunt degenerările constatate la speciile cultivate în Bucureşti, degenerări
corelate adeseori cu sterilitatea granulelor de polen. Pentru Pinus mugo se descrie

dezvoltarea mai multor arhegoane în acelaşi gametofit, precum şi prezenţa unui arhegon

în poziţie nespecifică (bazală) în timp ce celălalt rămâne în poziţie micropilară. La Pinus

nigra subsp. banatica se observă proliferarea endospermului primar care distruge lateral

nucela. Considerăm că atunci când se discută despre anomalii nu pot fi luate în

considerare doar condiţiile climatice şi competiţia pentru nutrienţi, ci un complex de factori

printre care poluării atmosferice îi revine un rol important.

Cuvinte cheie: gametofit feminin, anomalii, pinacee


