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SUMMARY

In spite of the dizonate structure of the ovule primordium, the ovule is crassinucellate. Both integu-

ments remain two-layered and become crushed during seed development, the outer layer which

differentiates into the exotesta excepted. A transverse ring of specialised testa cells helps to form

a special zoneofrupture by which the operculum lifts off.

1. INTRODUCTION

The endosperm is initially nuclear to become cellularlaterand is subsequently

resorbed with the exception of one layer containing aleuron grains. The embryo
is relatively large. Externally the seeds of Begonia show threeparts, viz. the oper-

culum, which comprises the micropyle and hilum, the collar cells and the re-

mainder ofthe seed. The operculum functionsas a seed-lid, which is lifted during

germination thus clearing the way for the emerging seedling (Bouman & De

Lange 1982, 1983).

This investigation was carried out, because within the scope of an extensive,

micromorphological inquiry into the characteristics of the testa in Begoniaceae

additional information about its development and internal structure was re-

quired.

The Begoniaceae form a natural family largely consisting of sappy herbs and

suffrutices. The family occurs in the tropical and subtropical zones and accord-

ing to the most recent classifications comprises the 3 genera Begonia, Symbegon-

ia and Hillebrandia. The many-seeded fruit is mostly a capsule, occasionally

a berry.
The structure of begoniaceous ovules and seeds was already studied by

Muller (1847) and Warming(1878). The most important work is of more re-

cent date: Sand(1921), Mauritzon (1936), Mereminsky(1936), Swamy & Par-

ameswaran (1960), Seitner (1972), and Maheswari Devi & Chandrasekhar

Naidu (1979). The accumulated data were summarized by Netolitzky (1926),

Davis (1966) and Corner (1976). The ovules are bitegmic, anatropousand cras-

sinucellate. The chalazal megaspore develops into the embryo sac. During the

development of the seed coat all layers, the exotesta excepted, are crushed and

obliterate.
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2. MATERIALS AND METHODS

Ovaries in various stages of development and mature seeds of Begonia squamulo-

sa s.l. were provided by the Department of Plant Taxonomy, Agricultural Uni-

versity, Wageningen. This material was sampled at various times after self-pol-

lination of plants, collected in Gabon by F. J. Breteler and J. J. F. E. de Wilde

in 1978. These plants are cultivated at the Department of Horticulture of the

same University and there registered as accessions T 1194B, T 1207D and

T 1210B.

Similarly seeds from B. meijeri-johannis Engler were obtained from a plant
collected by J. J. F. E. de Wildein Kenya in 1979. It is cultivated as T 1260.

Crafor Allen-Bouinmixtures were used as fixatives. Phloroglucinol-HCl, Su-

dan IV and JKJ were applied as specific stains. SEM observations were made

with a Cambridge Stereoscan mark II
a. The dry or fixed material was scanned

afterabout3 minutesof sputter-coating with gold-palladium. The fresh material

was scanned withoutprevious treatment.

3. RESULTS

3.1. Ovule ontogenesis

The ovule primordia arise subdermally from the placenta and exhibit a dizonate

structure (fig. IA). In such a build-up the ovule is initiatedby periclinal divisions

in the second tunica layer. The primordium consists mainly of tissue derived

from the second layer (L2), which is surrounded by the anticlinally dividing

cells of the dermal layer (fig. IB, C). Already in an early stage of development

the primordium begins to show the anatropous curvation.

The subdermal archespore cell divides into a parietal cell and a megaspore

mother cell. The parietal tissue remains small and consists of only a few cells.

The megaspore tetrad is linear and the chalazal cell develops into the embryo

sac (e.s.). The nucellus is rather short at first but soon it becomes oblong as

a result of mitotic activity of cells below the e.s. These cells arrange themselves

in more or less parallel rows, and laterstretch longitudinally. They are supposed

to have a transport function. The anatropous curvation is the result of cell divi-

sions at the dorsal side and a concomitant enlargement of cells of the outer

layer. When the curvation is about 180° both integuments are initiatedsimulta-

neously (fig. ID). The inner integument (i.i.) develops first at the abaxial side

from 1 or 2 cells which later forma row which extends to develop into a complete

ring wall (fig. IE, F, G). From the beginning the i.i. is two cells thickand remains

so except in its micropylar part where it becomes multilayered when the ovule

approaches maturity(fig. 2A, B). The outer integument (o.i.) also develops from

one or two epidermal cells and is also two layers thick except at its tip (fig.

IE, F, G). Soon it overtakes the i.i. (fig. IF) to form the exostome. The cells

of the inner layer become somewhat flattened, while those of the outer layer

enlarge substantially (fig. 1G, 2B). The micropylar part becomes multilayered

mainly by divisions of the cells of the inner layer (fig. 2B). During the develop-
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Begoniasquamulosa,Fig. 1. l.s. ofdevelopingovules.

In all figures LI and L2; dermal and subdermal layer, emb = embryo, end = endosperm,

ex = exotesta, nuc = nucellus, i.i. = inner integument, o.i, = outer integument, r = raphe.
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ment of the ovule the outer raphal cells and later also the cells of the outer

layer of the o.i. enlarge substantially and rather early become tanniniferous(fig.

1D-G). In general these cells do not divide any further and form the exotestal

layer in the mature seed. At the level of the futurehilum the funicularepidermal

cells show periclinal divisions to keep pace with the radial stretching (fig. IF,

G). After subsequent periclinal divisions a tissue is formedwhich has the appear-

ance of an aril primordium.

3.2. The mature ovule

The full-grown ovule is anatropous, bitegmic, crassinucellateand elongate, with-

out an obturator. Actually the ovule has undergone a curvation of about 270

degrees. The funicle is rather long. The cells surrounding the e.s. become re-

sorbed. The cells of the nucellar epidermis have enlarged and remind somewhat

of an endothelial layer, but the pseudoendothelial cells show large vacuoles and

become resorbed shortly after fertilisation has taken place. Both integuments

remain mainly two cell layers thick. The o.i. is weakly developed at the raphal

side and protrudes beyond the i.i. The zig-zag micropyle is formed by both inte-

guments. The endostomeis orbicular, the exostome of irregular form. The pro-

vascular strandof the raphe consists of stretched cells, which do not differentiate

into mature xylem and phloem elements. The ovule is free of starch.

3.3. Seed development and mature seed

Initially the endosperm is nuclear (fig. 20) and situated at the periphery of the

e.s. After it has become cellular (fig. 2D) it fills the cavity of the e.s. completely

by repeated divisions. Subsequently the growing embryo consumes most of the

endosperm till only one layer remains (fig. 2E).

Already at an early stage of seed development the enlarged epidermal cells

of the nucellus are crushed, only the nucellar cuticle remaining discernible. Both

integuments are two- to three layered. At first the inner layer of the i.i. and

somewhat later the outer layer of the i.i.and the innerlayer of the o.i. are crushed

(fig. 2C, D). The outer layer of the o.i. ultimately turns into the mechanical

layer of the seed. Its cells have thickened inner and radialwalls.

According to Sand (1921) the lignification proceeds simultaneously with the

endosperm development.

The brown-coloured mature seed is oblong and its coat has a reticulate ap-

pearance. It measures about 0,8-1,1 x 0.4-0,5 mm. The micropylar part of

the seed is covered by a smallaril-likeswelling, which develops around the whole

funicle (fig. 3A, B). The operculum is bounded by a transverse ring of longitudi-

nally oriented cells, the so-called collar cells, which have an average length of

170 /im (fig. 3B). The outlines of the remaining testa cells are mostly polygonal;

they have a diameter of about 80 (fig. 30). The outer periclinal walls of

the exotesta remain unthickened and are covered with an inconspicuous cuticle.

These walls have become more or less squashed against the thickened radial

and innerpericlinal walls and rupture easily (fig. 30, D, F). The lignified thicken-

ings are layered and contain many branched pits (fig. 2E, 3E, 4A, B, C). In
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A-B: t.s. and l.s. of almost mature ovules; C-D: t.s. of developingseed-coats; E: fully mature seed-

coat.

Begoniasquamulosa.Fig. 2.
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Begonia squamulosa, SEM photomicrographs. A: mature seed with aril-like tissue

covering the operculum; B: matureseed with aril removed, showingoperculum; C: detail ofseed-coat

in surface view; D: torn seed-coat; E: cross section of developing seed-coat; F; cross section of

mature seed-coat.

Fig. 3. Seeds of
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the exostomalregion the mechanicaltissue is multilayered, possibly to reinforce

the operculum. At the inside of the exotesta vestiges of the crushed layers of

the integuments and nucellus can be observed.

The endosperm contains oil and aleurone grains according to Sand (1921)
and Swamy & Parameswaran (1960). Between endosperm and seed-coat the

nucellar cuticle still persists. The straight embryo also containsoil and aleurone

and fills the interior of the seed completely.

When Begonia seeds germinate the operculum is lifted after the splitting of

the middle lamellae of the cell walls between operculum and collar cells as is

shown infig. 4D, showing a germinating seed of Begonia meyeri-johannis.

DISCUSSION

The ovule of Begonia squamulosa is of rather simple construction. Warming

(1878) already discovered the dizonate structure of its primordium in B. heraclei-

folia and the simple build-up ofthe ovule.

Fig. 4. SEM photomicrographs of parts ofseeds.

A, B, C; t.s. of mature seed-coat, detail ofpits and detail of wall striation,

respectively; D:

Begonia squamulosa,

Begoniameyeri-johannis. germinatingseed showing root and operculum.
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Also in the genusHillebrandia(Mauritzon 1936) simple ovules occur, which

closely correspond with those of Begonia. The ovules of both genera have a

somewhat elongated nucellus, are crassinucellate and have two-layered integu-

ments. The small seeds of the genusSymbegonia suggest that its ovules are also

of simple construction or may even be more reduced.

The combination of a dizonate structure and parietal cells is rare. It has been

recorded in Marantaceae(Grootjen 1983) and Myosurus minimus (Ranuncula-

ceae) (Bouman, unpublished). In the latter case the transition of a trizonate

to a dizonatestructured primordium must have taken place within the family.

From the above one can conclude that the ovules of Begoniaceae are rather

simplified and derived. After fertilisation has taken place most or all cells of

the ovule do not divide any longer and seed development is mainly brought

about by cell enlargement and differentiation.The ovules do not show a great

dealof differentiationand the seeds are of rather simple build. This is expressed

in the presence of a seed coat which is mainly crushed and obliterated, the exotes-

ta and the thin layer of endosperm excepted. A further reduction is found in

B. froebeli (Soltwedel 1882) and Hillebrandia(Pritzel 1898) where the endo-

sperm is absent in the mature seed. Likewise the vascular bundle is poorly devel-

oped and does not containdifferentiatedelements. The operculum is a seed char-

acter of a more complex nature and represents an adaptation to germination.

In most recent systems the Begoniaceae are placed within the parietalean alli-

ance which is often called Violales. However, the most characteristic parietalean

families have rather large and complex seeds provided with an exotegmen. As

in the Begoniaceae the Datiscaceae have ovules with two-layered integuments

and seeds with an operculum. Another parietalean taxon with small seeds and

two-layered integuments is the family of the Droseraceae. Here the dermal cells

of the nucellus enlarge to assume an endothelial character. In the Droseraceae

the simplified seed has a variable seed-coat structure. The genera Drosera and

Dionaea have opercula, but these are of endostomal origin. From the viewpoint

of their seed anatomy, the Datiscaceae are clearly the closest relatives of the

Begoniaceae.
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