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Abstract: The amount of inscluble carbohydrates in the shoot apical
meristem of Adiantum capillus-veneris L. shows an annual periodic change.
The accumulation of the insoluble carbohydrates starts in the early spring
(February to March), reaches its maximum in April, then decreases gradu-
ally, reaching its lowest content in winter (January). A zonation pattern
can be seen in the apical region based on both the cell lineage and the
PAS distribution in most specimens. The zone of surface initials always
contains more PAS granules than in the other cells of the promeristem.
Though the apical zone of the winter collected materials had the lowest
amount of PAS particles, yet the apical cell constantly contains more PAS
stained particles than its neighboring cells. The signifi of the apical
cell is emphasized in the present report.

INTRODUCTION

The structure of the shoot tip of ferns has been studied for more than a hundred years
(Bower, 188%, 1923). It differs from other vascular plants in the presence of a conspicuous
apical cell. The orderly segmentation pattern of the apical cell has also been described by
many other workers (Bierhorst, 1977; Clowes, 1961; Ford, 1902; Guttenberg, 1966; McAlpin
& White, 1974). These workers were able to explain the division of the apical cell and follow
its differentiation to various tissues. In recent studies, in addition to the behavior of the apical
cell, the apical morphology of pteridophytes has been viewed at the tissue level (McAlpin &
‘White, 1974; Stevenson, 1976a, b). Authors have treated the whole apical area (including the
apical cell together with the other cells existing in the apical region) as an unit of operating
tissue, and some emphasized a zoned pattern in pteridophytes as applied to the higher vascular
plants (McAlpin & White, 1974; Stevenson, 1976b). They seem to disregard the special meaning
of the single apical cell which was previously accepted. Those who believe in the zonation
concept of the fern apex and ignore the significance of the apical cell appear to have little
confidence in the methods reported in the older literatures. The analysis of the pattern of
cell lineages in fern shoot apices which was most commonly applied in the older literatures
is so orderly that one can not disregard them by merely examining a few slides to observe
the distribution of some chemical compounds, such as: DNA, RNA and protein.

This study is to reemphasize the fact that the single apical cell in the fern stem apex
plays an important role in the organization and development of the stem growth. The obser-
vations have been made mainly on ¢ hemically stained i which are also used as a
basis by other authors who believe in the zoned pattern of the shoot tip.

MATERIALS AND METHODS

Shoot tips of Adiantwn capillus-veneris L. growing in the Taipei area were studied. About
E'Sh‘ plants, bearing six to eight well developed fronds on each plant, were randomly harvested
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at monthly intervals from October, 1976 to February, 1978. Collections were made on 5th of
each month. Some additional collections such as: very tiny specimens, were also made in
addition to the regular harvests. Shoot tips were fixed in FPA (formalin-propionic acid-alcohol),
infiltrated and embedded in tissuemat according to the traditional paraffin metheds. Sections
were cut at 8 z longitudinally. Some preparations were stained by periodic acid-Schifl’s (PAS)
reaction (Jensen, 1962) for insoluble polysaccharides detection, and other preparations by tannic
acid and iron alum with safranin and orange G (Sharman, 1943) for histological studies. Ob-
servations were centered mainly on the PAS granules which were present inside the cells,
though the cell walls were also well stained.

RESULTS

General Morphology

More than 150 shoot tips were studied during the present investigation. It was found that
the shape of the apical region in all the specimens appears to be uniform. The top of the
shoot apex is rather flat and slightly concave at the very submit of the apex surface where the
single apical cell is located. The degree of the flattened pattern appears to be more evident
in the stems that have a wider apex surface (Figs. la, 2¢). The thinner apex is more conical
in shape (Fig. 3¢). A conspicuous single apical cell which always possesses a larger nucleus
can be ized in all the i i Based on cell lineage, the three zoned
pattern i.e. a zone of surface initials; a zone of subsurface initials; and a cup-shaped zone,
as described by Stevenson® (1976b) can be identified in the specimens which have wider apex
surfaces (Fig. la). But in plants which possess a narrower apex these three zones can hardly
be distinguished (Fig. 3a). In addition to these three zones a fourth zone, the outer cup-shaped
zone (peripheral zone by McAlpin & White, 1974) located outside the cup-shaped zone is
present (Fig. 1a). The cells in this fourth zone appear to be smaller than those in the outer
three zones in median longisections. The cells in the surface initials are distinguished by their
large size and being elongated, but not all of the cells in the surface zone are vacuolate as is
seen in the preparations stained with either tannic acid, iron alum, safranin and orange G, or
PAS staining (Figs. la, Ib). The cells lin the center region (including the apical cell) are
always densely stained (Figs. la, 1b).
Seasonal Variation of the Distribution and Amount of Insoluble Carbohydrates

The shapes of PAS particles existing in the apical meristem appear to be spherical to
amorphous.  Although exact counts were not made of the particles in the cells of the meristem
yet these particles seemed to decrease in number in the meristematic zone when the tempera-
ture decreased. In plants collected in January, the starch was very scanty in all the shoot tips
(Figs. 3a, 3b, 3c), whereas in the tips collected in late spring (April), the PAS particles were
greater in size and distributed throughout the whole meristematic region (Figs. 5a, 5b, S5c).
All the materials, other than those collected in January and April showed a series of widely
differing amounts of PAS particles in the materials collected on the same day. In other words,
the amount of PAS particles present in the apex ranged from very few to quite numerous in
the members collected on a given day (Figs. 2, 4). The materials collected in December for
example (Figs. 2a, 2b, 2¢), Fig. 2a has the fewest PAS granules as compared to Figs. 2b and
2¢ which were harvested on the same day as Fig. 2a. And Fig. 2¢ shows the greatest, Fig.
2b median content quantitatively.

In spite of the different number of starch particles existing in the meristematic zone of
the different plants in the same season, the distribution of the PAS granules exhibited a

" * For descriptional convenience, the three zoned terminology is used in the present report.
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zonational pattern in all the slides ined. In the sp d in April, the tips have
almost the same amount of the PAS density in all the slides prepared (Figs. Sa—5c), and it
appears that the PAS content of the cells in the submit of the shoot spex is always more
abundent than that in other zones, and the PAS particles in the surface initials always appsared
to be larger in size than those existing in other parts. The zone of the surface initials con-
tained either only one conspicuous apical cell (Fig. 5¢), or more than one cell, i.e. the apical
cell together with its immediate derivatives (Figs. 5b, 5¢). [t is not invariably the cass that
the wider surface area (the distance between two newest leal primordia) consists of a greater
area of surface initials. In Fig. dc and Fig. 5¢ for example, the surface area in the former
is definitely wider than that of the latter, but the densely stained surface initial zone is smaller.
The periphery of the zone of the surface initials together with the zone of subsurface initials
and the cup-shaped zone usually showed a lighter staining, especially the periphery of the zone
of the surface initials and subsurface initials. The zonational pattern is more obscure in the
specimens which have less PAS granules in the promeristem (Fig. 2a). However, the apical
cell constantly exhibits a more dense staining even in the materials of January which exhibit
the fewest PAS particles throughout the whole meristematic zone than those collected in other
seasons (Figs. 3a, 3b, 3c), and in no case were the PAS particles completely absent in the
apical cell. In general, the cells in the peripheral arc contain more PAS granules than in any
other part of the stem (Fig. 1b). So that, at first glance as observed at lower magnification,
the median part of the top of the shoot shows as a lighter region in PAS staining except for
the very submit where the apical cell is located (Fig. 1b). The outer cup-shaped zone contains
more PAS granules than the other zones. They decrease in number as the cells become elon-
gated. Consequently the elongated pith meristem and cortical meristem in the lower part of
the shoot appears to be a less stained region (Fig. 1b).

Leafl Primordia

The leaf primordium is arranged in an orderly manner in the periphery of the meri-
stematic region. It initiates at the cup-shaped zone (Fig. 2b, arrow), and can be easily recognized
by its cell arrangement and the presence of the PAS particles. The leaf primordium has a
prominent apical cell at its tip. Both the apical cell and its adjacent cells have more PAS
particles in the early stages of development (Fig. 2b). However the apical cell of the leafl
primordium becomes the cell having more abundant PAS granules as it develops (Fig. 3c,
arrow).

DISCUSSION

The uniformity of the shape of the apical region in the majority of the materials saved
much labor in seeking the right sections under the microscope. The apical cell is constanily
observed in all the specimens and the zonational fashion is visible in most tips. The zonational
pattern in the median longisection is more distinct in the PAS stained preparation when
that is compared with those based on the cell lineage alone. The distribution of the insoluble
carbohydrates in this plant showed a slightly different pattern from that obtained in Botrychium
(Stevenson, 1976b). In Botrychium, the rib meristem exhibits less PAS staining than does the
peripheral zone. But in Adiantum the peripheral zonme of surface initials together with the
zone of the subsurface initials and the cup-shaped zone show lighter staining (Fig. 1b). The
lighter zone is occasionally interrupted by the leaf primordia. The leaf primordia contain
more PAS particles when they are still located within the cup-shaped zone (Fig. 2b). The
outer cup-shaped zone, including the rib meristem, always stained densely (Fig. 1b).

Though the exact change of the environmental conditions such as: temperature and rain-
fall were not recorded, yet the amount of the insoluble carbohydrates in the apical meristem
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Figs. 2. Median longisections with PAS stained, collected in December, x350.
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Figs. 4. Median longisections with PAS stained. collected in March, x350.
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is apparently affected by the seasonal change. In the beginning of the growing season (April),
the apical region of almost all of the speci collected ined more PAS granu-
les (Figs. 4, 5) whereas in the plants harvested in winter (January to February), the whole
apical zone appeared to be very light in PAS tests (Fig. 3). In the apical region of the plants
collected in other seasons, some of them were lighter and some were denser (Fig. 2). This
observation reveals that the accumulation of the carbohydrates started in the early growing
season (February to March), and reached its maximum amount in April, then decreased gradu-
ally, dipping to its lowest level in winter (January). The individual variations of the PAS
particles in the intermediate seasons (the seasons between the growing and resting periods)
show that some plants contained more and others less particles when observed in the specimens
collected on the same day. This result represents a different distributional pattern as observed
in Dryopteris aristata obtained in England (Frazer, 1946). The authors have intended to cor-
relate the changes in PAS distribution and density with the leaf formation and sporogenesis.
But there was no way to do it, however, leaf and spore formation occurred almost all the
year round in the plants of considerable size. Nevertheless starch distribution on the shoot
apices of Dryopteris and Adiantum at least have one common agreement in that there is no
time of the year when the apical cell is found to be free from numerous starch grains,

Both the apical cell of the shoot tip and of the leal primordium exhibit denser staining
(Figs. 2b, 3c). It is clear that the apical cell plays some common important role in the de-
velopment of both the shoot and the leaf tissues. The division rate of the apical cell has
been predicted based on several categories such as: relative cell wall thickness; asymmetry of
the apical cell; counting of the mitotic figures; reactions to the colchicine application and to
the radioactive isotopes etc. (Avanzi & D’Amato, 1967; Bierhorst, 1977; Chiang, 1972; Clowes,
1961; D’Amato & Avanzi, 1965; Gifford, 1960). But there is still no well-accepted explanation
of the other roles in addition to the division rate, of the apical cell. When the histochemical
test was applied, the apical cell shows some similar properties with its neighboring cells
(McAlpin & White, 1974; Stevenson, 1976b), Consequently some workers begin to suspect the
special meaning of the existence of the apical cell which has long been thought to be the
most important cell in the apical meristem of the fern in older literatures (Guttenberg, 1966;
Hanstein, 1868).

The apical cell in ferns always is seen as a large and highly vacuolated cell as observed
by many workers (Bierhorst, 1977; Clowes, 1961; Croxdale, 1976; McAlpin & White, 1974).
But it is not a constant case in Adigntum. The apical cell of Adiantum is larger in size as
described by them, but not always highly vacuolated when compared with the cells sur-
rounding it. On the contrary, the apical cell is very often the most darkly stained cell (cf.
all Figs). This implies that the apical cell of Adiantum differs from the other cells. And it
indicates that the apical cell is not just an ordinary cell, like those located near it. The
degree of similarity between the apical cell and its immediate derivatives should depend upon
how recently the apical cell divided, and to what extent its derivatives changed before the
next division proceeded in these cells or the preparation was made. So that this result can
not be explained by saying that the similarity of the degree of the PAS density only indicates
the relative age of the cells in this region. The present result agrees with the concept of
Bierhorst (1977) in that he reemphasizes the significance of the apical cell of ferns. As a
matter of fact, both the traditional study and the histochemical tests prove that one cannot
discuss the apical meristem of the ferns without attaching great importance to the apical cell.
It is important to note that the amount of the insoluble carbohydrates in the shoot apical
meristem of Adiantum shows an annual periodic change. One cannot jump to a conclusion
regarding the apical cell by mercly observing some specimens without due consideration of
such factors as: seasonal changes, developmental stages of the individual plant, etc.
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