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INTRODUCTION

THE occurrence of ruminate endosperm in seven genera of the Apocynaceae
has been recorded by Schumann (1895). These genera are Condylocarpous,
Rhazzya, Tabernaemontana, Stemmadenia, Voacanga, Gynopogon and
Pteralyxia. Gamble (1921) records rumination in Chilocarpusand Ervatamia.
There has, however, been no study of the development of rumination in this
family, except for a brief reference by Anderson (1931). The present study
gives an account of seed development and rumination in Ervatamia heyneana
T. Cooke, Voacanga grandifolia Rolfe. and Tabernaemontana sp.
MATERIAL AND METHODS

Ervatamia heyneana was collected and fixed in F.A.A. by Sri. V. P.
Krishnan at Palghat, India. Similarly fixed fruit materials of Voacanga
grandifolia and Tabernaemontana sp. were obtained from the Government
Botanic Gardens, Buitenzorg, Indonesia. I express my sincere thanks to
both of them.
The fruits and seeds were first studied under a binocular dissecting microscope in order to understand the rumination pattern in relation to the entire
seed. Seeds at different stages of development were processed and microtomed at 8 to 12 microns, following customary methods. For cutting as
well as staining of mature stages, the method outlined in a previous paper
of this series (Periasamy, 1962 a) was adopted. The younger stages were
stained with Haematoxylin and Erythrosin.
* Part of thesis approved for the Ph.D. Degree of the University of Madras, 1959
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OBSERVATIONS

Ervatamla heyneana and ~oacanga grandifolia
O~de.~Numerous, he~natropous, n n i t e ~ c , tenuinncellate ovules
in each carpel of the bic~'pell~ry, apoc~pous ovary. The ovules are attached
to swollen marginal placentas.
Post-fertilization deve/opmem.--The nucellus becomes completely destroyed even before fertilization (Fig. 4). Therefore, the embryo-sac and
the endosperm after fertilization, abut directly on the massive integument
and the chalaza (Figs. 1, 4). Immediately after fertilization, the tissue of
the integument as well as that of the chalaza begins to grow rapidly. Growth
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FIGS. 1-3. Diagrammatic representation of three stages of post-fertilization developmmt
grandifolta.
Fig. 1, Median L.S. of ovule at the time of fertiKzafion. Fig. 2.
Median L.S. of seed before the endosperm b e g ~ to grow actively. Fig. 3. Median LS. of
mature seed. Embryo-sac and endosperm cross-hatched, Lntegumentary and chalaza] tissues
stippled. Embryo shown in black, Epidermis striped, Broken lines indicate vasculature.
in
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of the chalazal tissue is relatively faster and greater than that of the integument, so that the endosperm, which remains rather quiescent and of small
volume at this stage, becomes shifted more and more towards the apex of
the seed (Fig. 2). This massive-chalazal activity (Periasamy, 1962 b) leads
to a basal growth and elongation of the seed. Further, the entire seed attains
a longitudinally folded figure (Figs. 5, 8, 10), due to a marked ventral growth
of the tissues on either side of the median line where the seed is attached to
the funicle.
The growth, which leads to the above-described changes in the configuration of the seed, takes place by rapid meristematic activity of the hypodermal
layers in the chalazal and integumentary portions (Figs. 8, 9). While the
hypodermal layers divide both by anticlinal and periclinal walls, the cells of
the epidermis undergo only anticlinal divisions and the layer as a whole forms
characteristic infoldings leading to the development of sharp inwardly directed
furrows and flat ridges at the seed surface (Figs. 5, 8, 9). The furrows are
connected to each other in the form of a network at the surface of the seed in
Voacanga grandifolia, so that they can be seen both in transverse and longitudinal sections of the seed (Figs. 2, 3, 8, 10). In Ervatamia heyneana, the
furrows, extend from the apex to the base of the seed in longitudinal series;
the furrows are not interconnected by transverse infoldings so that they can
be seen only in transverse sections (Figs. 5-7). Further in Voacanga grand#
folia, the infoldings are formed almost throughout the entire surface of the
seed (Figs. 8, 10), whereas in Ervatamia heyneana, they are absent along the
ventral side (Fig. 5). The hypodermal layers show relatively faster meristematic activity at the surface of the ridges than at the ends of the furrows
(Figs. 8, 9).
The cells of the epidermis enlarge unequally in the regions of the ridges
and the furrows. The enlargement and particularly radial elongation is
greater in the ridges and gradually decrease towards the ends of the furrows
(Figs. 6, 9, 10). The cells become thickened in a peculiar and characteristic
manner at the inner half of the radial walls alone and in such a manner that
the adjacent thickenings on the two sides of a wall presents a biconvex outline
when viewed in radial section (Fig. 11). The tangential walls and the outer
portion of the radial walls are not thickened. Hence, the cell lumen becomes
more or less bottle-shaped with its narrow mouth turned towards the interior
(Fig. 11). The lumen of all the epidermal cells becomes filled with dark brown
contents.
The endosperm is nuclear and remains as such and of small volume until
the seed has enlarged nearly to its mature size (Fig. 2). Then the endosperm

328

K. PERIASAMY

becomes cellular, grows rapidly and replaces all the inner layers of thin-walled
cells, first at regions confronting the folds of the epidermis and then by growing
in between the folds in the form of pouches (Figs. 5, 6). Only the epidermal
layer with its infoldings remains intact as the mature seed coat and this mak~
the endosperm ruminate (Figs. 3, 7, I0). The cells of the mature endosperm
are rather thin-walled and contain abundant reserves of a fatty nature.
Primordia of outgrowths arise from the placental tissue around the
funicles even before fertilization (Fig. 4). In Ervatarnia heyneana, these
develop as individual outgrowths around every seed and finally beconm
fleshy, white arils. The aril almost completely encloses the seed except for
a small opening at the side opposite to the funicle (Fig. 5). In Voacanga
grandifolia, all the placental outgrowths of a carpel coalesce together to form
a common, white, pulpy mass of tissue in which the seeds become embedded
(Fig. 8). As the seeds mature, however, the pulpy mass of tissue breaks up
into individual covering around every seed (Fig. 10). Branches of vasculature
are given off from the funicle to the aril in Ervatamia heyneana, as well as
to the pulpy tissue in Voacanga grandifolia.

Tabernaernontana sp.
This unidentified species of Tabernaemontana obtained from Buitenzorg
cannot be considered as having a ruminate endosperm (Fig. 14). Nevertheless, a study of its development shows certain interesting points.
Of the several hemianatropous, unitegmic, tenuinucellate ovules, only
a few (up to five) develop into mature seeds. After fertilization, both the
integumentary and the chalazal portions grow, but growth of the former is
significantly greater than that of the latter (Fig. 12) in contrast to what is
obtained in Voacanga grandifolia and Ervatamia heyneana. Vascular
branches are given off to the chalazal and to the integumentary portions on
the ventral side. The cells of the epidermal layer enlarge but do not form
definite infoldings. On the other hand, the layer as a whole becomes thrown
into irregular and deep longitudinal undulations (Fig. 13). During later
stages the undulations become more pronounced due to the enlargement
of the epidermal cells (Fig. 14). The walls of the epidermal cells do not
become thickened in the characteristic manner of Voacanga grandifolia and
Ervatamia heyneana, but a scanty amount of liguin is deposited in an irregular
manner on the radial and tangential walls.
The endosperm is nuclear, develops late, and replaces the thin-walled
inner layers of cells only up to the inner level of the undulations, but does
not grow in between them. Hence, the endosperm does not acquire a ruminate
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configuration. The inner layers of cells that persist in the undulate portion
become squeezed by the large-eeUed epidermal layer so that the mature seed
appears to/lave a number of prominent outgrowths on its surface (Fig. I4).
There is no aril or any outgrowth of the placental tissue, but the ovary wall
becomes spongy and surrounds the seeds.
DISCUSSION
Detailed discussion of the relationship between the chalazal activity
and rumination in general, and the importance of early and late development
of the endosperm in such seeds, has been made in another paper (Periasamy,
1962 b). Therefore, the discussion here will be confined only to certain points
of special interest as regards seed development and rumination in the
Apocynaceae.
The type of rt/mination in Ervatamia heyneana and Voacangagrandifolia
is similar to that in Spigelia splendens and S. anthelmia (Dahlgren, 1922)
of the Loganiaceae. The specially resistant portions of the seed coat of
Spigelia seems to be the epidermal layer infolded in a manner similar to that
in Ervatamia heyneana and Voacanga grandifolia. Dahlgren, however, does
not mention whether the cells of this layer become thickened or not.
In all these plants, the infoldings of the epidermis, which cause rumination
in the mature seed, do not directly affect the surface of the endosperm in
the first instance, but only the surface of the tissue that surrounds the endosperm. In other words, as Dahlgren (1922) puts it, the rumination is preformed. This is in fact true of all ruminate seeds with late endosperm development as in the Annonaceae, Vitaceae, Menlspermaceae and Rubiaceae
(Periasamy, 1959, 1962 b; Periasamy and Swamy, 1961). In all these, rapid
growth of the endosperm commences only after the seed has almost enlarged
to its mature size, and the ruminate configuration already predetermined
for it is acquired when it consumes the tissues other than those that serve
as the mature seed coat.
The question now is, which is the effective cause that produces the ruminate endosperm in these instances ? Is it the behaviour of the seed coat or is
it the activity of the endosperm ?
When we take into consideration all the factors in this regard, it would
be necessary to place the effective cause on the activity of the endosperm,
because, the irregularities that result from the behaviour of the seed coat do
not actual!y produce a ruminate endosperm but only a ruminate nueellus
in the case of bitegmic ovules and an irregular seed surface in the case of
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unitegmic ovules. The mere fact that rumination is preformed in the surrounding tissues does not mean that the endosperm must necessarily acquire a
x'uminate configuration by replacing the other tissues. There are several
eases among non-ruminate seeds where the endosperm does not replace all
the nucellus, but only a portion of it, so that the remaining portion forms
a perisperm. In ruminate seeds also, there are instances in the Annonaceae
where some of the cells of the nucellus modified as oil cells (Corner, 1949),
or the entire outermost layer of the nucellus (Voigt, 1888; Periasamy and
Swamy, 1961) is not replaced by the endosperm even in the mature seed.
Besides, there is the very interesting case of Tabernaemontana sp. studied at
present. In this plant even though the seed surface attains a predetermined
ruminate configuration at the time when the endosperm begins to grow actively,
the endosperm does not acquire a ruminate surface because of its failure to
grow in between the undulations and replace the inner layers of cells there.
These inner layers of cells persist and the endosperm is non-ruminate. This
only shows that whatever configuration may have been preformed in the
surrounding tissues, the endosperm would become ruminate only if it grows
and acquires of its own accord the configuration thus predetermined. In
this connection it may be pointed out that in JElytraria acaulis (Johri and
Singh, 1959) and Andrographis serpyllifolia (Mohan Ram, 1960), A. echioides
(Mohan Ram, and Pushpa Masand, 1962) rumination is due to unequal
growth of the endosperm alone and not to any predetermined configuration
in the seed coat.
On the other hand, the behaviour of the seed coat itself becomes the
effective cause of rumination in those seeds which have an early development
of the endosperm because the ingrowths of the seed coat push in the endosperm directly as they develop and produce rumination. The plants that
belong to this category are Myristica fragrans (Periasamy, 1961), Coccoloba
uvifera, Diospyros chloroxylon, D. tomentosa, the ruminate seeds of the
Scrophulariaceae and those of the Palmae (Periasamy, 1959).
The thickening of the inner half of the radial walls alone, seen in Voacanga
grandifolia and Ervatamia heyneana, appears to be a feature not recorded
before and is quite different from the ericaceous and resedaceous types of
thickenings of the seed coat spoken of by Netolitzky (1926).
StrMMJ~aXY
The unitegmic, tenuinucellate ovules of Voacanga grandifolia and Ervatamia heyneana of the Apocynaceae show massive-chalazal growth after

fertilization.

The integumentary part of the ovule also grows to a certain
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extent. Due to differential growth activity of the inner layers and the epidermis, the latter forms infoldings into the former. The epidermal layer
becomes thickened in a peculiar manner, but the inner layers remain thinwalled. The endosperm develops late and becomes ruminate by replacing
all the inner layers of thin-walled cells and leaving intact the epidermis alone
with its infoldings as the mature seed coat. Outgrowth from around the
funicle forms a prominent aril in Ervatamia heyneana and a common fleshy
mass around the seeds in Voacanga grandifolia.
In Tabernaemontana sp. chalazal growth is lesser, and even though the
seed surface becomes irregular during early stages, the endosperm does not
become ruminate.
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EXPLANATION O!~ PLATESXXIX & XXX
I~

XXIX

FIGS. 4-7. Ervatamia heyneana
FIG. 4. Median L.S. of ovule at the time of fertilization,)<270.
Fro. 5. T.S. of seed with endosperm growing in the form of lobes in between the infoldings of the
epidzrmal lays. Note aril,xt7.
Fro. 6. Enlarged view of portion in Fig. 2, )<97.

Fie. 7. Portion of transverse section of mature seed.
A, aril; EN, endosperm; EP, epidermis; IL, inner layers; P, prhnordium of aril.
I'LA~S XXX

FIGS. 8-14. FIGs. 8-11. Voacanga grandifolia
I~o. 8. Transverse section of young seed at the level of the funicle. Note nuclear endosperm
in the ~ l ~ x ~ .
FIG. 9. Enlarged view of portion in Fig. 8, x75.
I~o, 10. Transverse section of mature seed, x 30.
FIe. 11. Cells of maturz socd coat in radial section, x270.
FIGS. 12-14. Tabernaemontana species
1~O. 12. L.S. of young seed at an early stage ofter fertilization, x40.
F~G. 13. T.S. of young seed at a slightly later stage than in Fig. 12,

x20.

Fie. 14. Transverse section of mature seed, x9.
CH, cha!sza; EN, endosperm; EP, epidermis; IL, inner layers; SP, spongy tissue.
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Proc. Ind. Acad. Sci., B, Vol. LVIII, Pl. XXIX

FIGS. 4-7
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Proc. Ind. Acacl. Sci., B, Vol. LVIII, Pl. XXX

FIGS, 8-14

