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Abstract. Life history of Bursaria spinosa Cav., has been studied. The male archesporium is a plate of 3-cells. The anther wall comprises the epidermis, endothecium
with banded thickenings, a middle layer and secretory tapetum. The tapetal cells are
twotomanynucleateandsomeofthembecome vesicular with2-5 nuclei. Cytokinesis
takes place by furrowing. The pollen grains are shed at the 3-celled stage. The ovule
is ana-eampylotrapous, unitegmie and tenuinucellate. Embryo sac develops according
to the polygonum type. Fertilization is porogamous. The endosperm is nuclear
to start with but becomes cellular in later stages. The embryogeny has been described
for the first time and it conforms to the asterad type and keys out to the geum
variation. A single instance of suspensor polyembryony has been noticed. The
seed is endospermic. The seed coat is 2-3 layered. The periearp consists of 3-4
layers of thin walled cells followed by 3-4 layers of sclerotic cells.
Keywords. Embryology; Bursariaspinosa; Pittosporaceae.

1. Introduction
Davis (1966) reviewed the previous embryological work on Pittosporaceae. Since
then only a few accounts have appeared on the embryology of the family (Sheela and
Narayana 1966; N a r a y a n a and Sundari 1977a, b; Sundari and N a r a y a n a 1977). The
present investigation deals with the embryology of Bursaria spinosa Car., recording
for the first time the development of the embryo in the family.

2. Material and methods
The material was fixed in formalin-acetic-alcohol. Customary methods of dehydration, infiltration and embedding were followed. Sections cut at a thickness of 8-10
microns, were stained in crystal violet and erythrosin.

3. Observations
3.1. Mierosporogenesis and male gametophyte
The anther is tetrasporangiate. The anther primordium shows a homogeneous mass
o f meristematic cells. As the primordium becomes four lobed, a 3-cell wide hypodermal archesporium becomes differentiated in each of the four lobes and the cells
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show dense cytoplasm and conspicuous nuclei (figure 1). The archesporial cells
divide periclinaUy forming a primary parietal layer to the outer side and a primary
sporogenous layer to the inner side. The cells of the primary parietal layer divide
periclinally and anticlinally giving rise to the endothecium, middle layer and the
tapetum (figure 2). The tapetum is of the glandular type. The middle layer becomes
crushed during the development of anther. By the time the pollen grains become
2-celled, the endothecial cells develop banded thickenings.
The tapetal cells are uninucleate to start with but later become two to many nucleate.
Nuclear divisions are followed by nuclear fusions and the syntapetal nuclei show varying number of nuclcoli (figures 3-6). Some of the cells become hypertrophied, and
protrude into the anther loculus; some become liberated into it (figure 3). The tapetal
cells at the periphery as well as those liberated into the anther loculus become absorbed about the time the pollen grains attain maturity. Dark coloured granular bodies
of unknown nature accumulate in the tapetal cells during later stages of development
(figure 3).
The primary sporogenous cells undergo a few mitotic divisions to give rise to the
microspore mother cells which undergo meiosis and form four microspore nuclei.
Cytokinesis takes place by furrowing (figures 7, 8). The pollen grains are tricolporate and are shed at the 3-celled stage (figures 12-14). Degeneration of varying
number of microspores, while still enclosed in the mother cell wall, or after their liberation from the parent cell wall, has been noticed (figures 9-11). Some of the pollen
grains show accumulation of dark granular bodies similar to those deposited in the
tapetal cells.
In mature anthers the inner microsporangia of adjacent lobes coalesce towards the
apex in consequence of which the mature anther in transverse section appears trilocular (figure 15).
3.2. Ovary and Ovule
The ovary is bicarpellary, syncarpous, superior with numerous ovules on parietal
placentation. Occasionally tricarpellary and tetracarpellary ovaries were also met
with.
The ovule is ana-campylotropous, unitegmic, tenuinucellate with upwardly directed
micropyle (figures 16, 19). The raphe is dorsal. The ovule develops as a small
protuberance on the placenta. The integumentary primordia are laid down about
the time the archesporium is differentiated (figures 17, 18). During development it
takes a bend so that the mature ovule becomes ana-campylotropous (figure 19).
The integument is 10-13 cells thick on the antiraphe side. There is no differentiation
of endothelium.
3.3. Megasporogenesis andfemale gametophyte
The female archesporium is hypodermal and single celled (figure 20). The archesporial cell directly functions as the megaspore mother cell without cutting off a parietal
cell (figure 21). Meiosis in the megaspore mother cell results in a tetrad of megaspores
(figures 22, 23). The megaspore tetrads are either linear or 'T' shaped (figures 23-26).
The chalazal megaspore which is functional undergoes three successive free nuclear

Embryology of PittosporaceaeDIII

Figures 1-29. (see captions in p. 214)
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divisions and gives rise to the 8-nucleate, embryo sac of the Polygonum type which
shows the usual organization (figures 27-29). The egg apparatus consists of two
hooked synergids which show filiform apparatus and basal vacuoles and an egg
(figure 29). The antipodals are ephemeral (figure 29). The polar nuclei fuse before
fertilization and the secondary nucleus lies near the egg apparatus. During development the embryo sac enlarges in consequence of which some of the cells of the integument on the sides becomes crushed and absorbed. Though normally the chalazal
megaspore is functional, enlargement of other megaspores has also been observed
(figures 23-26).
3.4. Fertilization
Fertilization is porogamous. The pollen tube enters one of the synergids and discharges its contents. Figure 30 shows one of the male gametes inside the cytoplasm
of the egg while the other has already entered the secondary nucleus indicating that
triple fusion precedes syngamy.
3.5. Endosperm
The primary endosperm nucleus divides earlier than the zygote. At about the 4-celled
stage of the pro-embryo, cytokinesis commences at the periphery and proceeds
centripetally leading to the formation of endosperm tissue. The endosperm persists
in the mature seed. Many ovules abort during early post-fertilization stages. Such
ovules collapse after the formation of a number of free endosperm nuclei or soon after
the commencement of eytokinesis (figures 31-34). The endosperm cells show vacuolated cytoplasm in early stages and in later stages become packed with reserve food
material. Endosperm nodules, each showing up to 5 or 6 nuclei invested by a cytoplasmic membrane, were observed in a few cases (figures 35, 36).
3.6. Embryo
The fertilized egg (figure 37) enlarges and divides transversely resulting in a terminal
cell ca and a basal cell cb (figure 38). The cell cb divides transversely giving rise to
two cells m and ci while ca divides by an obliquely vertical wall resulting in two
daughter cells, a and b of unequal size (figures 39, 40). At this stage the proembryo
is 4-ceUed and the cells are disposed in three tiers q, m and ci (figure 39). Of the two
cells of the tier q, the larger cell a divides by a diagonal wall demarcating a triangular
apical cell which forms the epiphyseal initial e (figures 41-43). The cell m divides by.
a vertical wall to give rise to two juxtaposed cells (figures 40--45) while oi divides
transversely forming two superposed cells n and n' (figures 40, 42) which divide
transversely forming a row of four superposed cells r, t, o and p (figures 41, 43-45).
Sometimes these divisions may take place even before the organization of the epiphyseal cell (figure 41). At about this stage the cells a and b of the tier q divide
forming four cells (figure 44). Periclinal divisions in these cells demarcate the
dermatogen, plerome and periblem (figures 45-48). The epiphyseal cell e also divides
by a vertical wall resulting in two juxtaposed cells (figure 45). These in turn divide by
vertical walls at right angles to the first plane of division resulting in four circumaxially
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Figures 30-50 (see captions in p. 214)
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arranged cells (figures 46, 47). Next horizontal divisions take place in these cells
resulting in two groups of four superposed cells (figure 48) of which the outer represents
the first epidermal cells of the shoot apex (Tunics) and the inner represents the
cortex (Corpus). By further divisions, the epiphyseal region becomes massive
(figures 49, 50).
The two juxtaposed cells of the tier m divide in a plane at right angles to the first
leading to the formation of four circumaxially arranged cells (figures 47, 48). Vertical
divisions in these cells lead to the differentiation ofdermatogen, periblem and plerome.
The cells, t, o and p divide transversely forming a row of 6 cells (figure 46). Sometimes the division in the cell t may be delayed (figure 47). Later the cells also divide
transversely forming two cells, the lower of which functions as the hypophyseal cell
h, while the upper adds to the construction of the suspensor along with derivatives
of t, o and p (figures 46-48).
The hypophyseal cell h divides by two vertical divisions at right angles to each other
resulting in four circumaxially grouped cells (figures 49,50). The derivatives of these
cells give rise to the root cap.
The following is the scheme showing the relation of the different organs of the
mature embryo to the specific cells of the proembryo.
epiphysis - stem apex

e,

co~ledons

- -b.

~ r / / ~

hypocotyl, root
h" root apex ,roofcap
Suspensor

It is seen that the derivatives of both ca and cb take part in the formation of embryo
proper and ca divides vertically. Thus the development conforms to the asterad
type (Johansen 1950). The lower daughter cell of r functions as the hypophyseal cell
and the upper daughter cell contributes to the formation of the suspensor. These
features characterise the geum variation of Asterad type (Johansen 1950).
A single instance of polyembryony has been met with (figure 46). Judging from
its position it can be inferred that the second embryo has developed as a result of
proliferation of the lower most cell of the suspensor. It is thus a case of suspensor
polyembryony (figure 46).
3.7. Pericarp
The frtrit is a loculicidal capsule and its wall is 6-7 layered in thickness. The cells of
the outer and inner epidermal layers are radially elongated. Two or three layers of
cells beneath the outer epidermis remain thin walled and show accumulation of dark
granular bodies of unknown nature (figure 52). The remaining cells become thick
walled anti gradually loose their protoplasts (figure 53).
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At about the middle of the ovary the dorsal carpellary bundles divide into two and
the cells in this region show characteristic alignment indicating the future line of
dehiscence (figure bl).
3.8. Seed coat
The seed coat develops from the single integument which in the early stages is 10-13
cells thick. During development the embryo sac enlarges and crushes some of the
cells of the integument on the sides as a result of which the seed coat is 7-9 layered
(figure 54). In later stages the epidermal cells become tangentially flattened and
the cells of the hypodermal layer show radial elongation (figure 55). Dark granular
bodies of unknown nature accumulate in the cells of the epidermis and the sub
hypodermal layers, while the hypodermal cells show prominent central vacuoles and
accumulation of globular bodies, the nature of which could not be established (figures

Figures 51-57. Bursariaspinosa 51. T.S. ovary wall showing the alignmentof cells
along the line of dehiscence. 52. T.S. ovarywall showing6 layers; Note the accumulation of dark granular bodies beneath the outer epidermis. 53. Fruit wall. 54-57.
Various stages in developmentof the seed coat; so. seed coat; end. endosperm.
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56, 57). During maturation of the seed, the cells of the integument become pressed
leaving only the epidermis and 2 or 3 layers beneath (figure 57). The endosperm
persists in the mature seed so that it is endospermic.

4. Discussion

Embryological features such as 2-4 cell wide plate-like archesporium, multinucleate
secretory tapetum, nuclear fusions in tapetal cells, furrowing method of cytokinesis
and 3-celled condition of mature pollen are shared by all the taxa of Pittosporaceae so
far investigated (present study: Sheela and Narayana 1966; Namyana and Sundari
1977a, b; Sundari and Narayana 1977). The behaviour of the tapetal cells in
B. spinosa is noteworthy. Some of them become vesicular and protrude into the
anther loculus and show 2-5 nuclei. In this taxon the mature anther becomes trilo=
cular due to coalescence of the two inner microsporangia.
Two types of ovule arrangement are noticed in the taxa of the family investigated.
In Hymenosporum flarum, Marianthus procumbens (Sheela and Narayana 1966;
Narayana and Sundari 1977a) Marianthus bignonaceus (Sundari and Narayana 1977)
Sollyafusiformis and Sollya heterophylla (Narayana and Sundari 1977b) the ovules are
horizontal while in B. spinosa (present study) and Pittosporum floribundum (Sheela
and Narayana 1966) the ovules are vertically oriented. The latter condition seems to
have been derived from the former. The change from horizontal to vertical orientation of ovules has resulted in the dorsal position of the raphe--an important feature
that has not been given due weight in any of the earlier taxonomic works. It is
interesting to note that in P. floribundum the ovules in the lower half of the ovary
show upwardly directed micropyles while in the upper half they show downwardly
pointed micropyles.
The ovules have variously been described as hemianatropous (Sheela and Narayana
1966) anatropous (Davis 1966) and apotropus (Mauritzon 1939). The present study
as Well as the studies of Narayana and Sundari (1977 a, b) and Sundari and Narayana
0977) showed that they are ana-campylotropous. In the possession of unitegmic
tenuinucellate ovules, absence of endothelium and Polygonum type of embryo sac
development, the investigated taxa of the family resemble one another.
Details regarding fertilization, endosperm development and embryogeny are
lacking. The present study shows that fertilization is porogamous and triple fusion
precedes syngamy. The endosperm is nuclear. The embryogeny conforms to the
asterad type and keys out to the geum variation (Johansen 1950) as in Rosales to
which the Pittosporaceae are considered to be related. In one instance twin embryos
were observed and the condition is interpreted as suspensor polyembryony.
The seed is endospermic and the seed coat is formed by the epidermis and 2-3 layers
below it. The fruit is a loculicidal capsule and along the line of dehiscence the cells
show characteristic type of alignment.
Pittosporaceae resemble Escalloniaceae (Saxifragaceae) in the unltegmic, tenuinucelate ovules, single celled female archesporium, Polygonum type of embryo sac ontogeny, ephemeral antipodals and nuclear endosperm (Davis 1966; Pandey and Saxena
1977; Rau 1967; Saxena 1964, 1969, 1907a, b, 1971; Vijayaraghavan and Ratnaparkhi
1975). These two taxa also resemble one another in the arborescent habit
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(Hutchinson 1967, 1973), in their anatomy (Metcalfe and Chalk 1950; Stern et al
1969), pollen morphology (Erdtman 1971) and also in certain chemical characters
(Gibbs 1974; Jay 1969). Radhakrishnaiah (1977) on the basis of floral anatomy of
Pittosporaceae arrived at a similar conclusion.
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Captions for figures 1-29 and 30-50
Figures 1-29. Bursaria spinosa. 1. T.S. half anther lobe showing archesporium.
2. T.S. anther lobe showing wall layers, tapetum and microspore mother cells. 3. T.S.
anther showing the multinucleate, hypertrophied tapetai cells; Note the dark granular
bodies in the tapetal cells. 4-6. Multinucleate tapetal cells showing nuclear fusions.
7. Pollen mother cell showing cytokinesis. 8. Pollen tetrad. 9-11. Pollen tetrads
showing degenerating pollen grains. 12. Uninucleate pollen grain with dark granular
bodies. 13, 14. 2-celled and 3-celled pollen grains; Note black granular bodies in
13. 15. Tri-locular anther. 16. L.S. Ovary showing the orientation of ovules. Note
dorsal raphe. 17-19. Stages showing the development of ovule. 20. L.S. ovule
showing the archesporium. 21. Megaspore mother cell stage. 22. Dyad stage.
23-24. Linear megaspore tetrads. 25-26. ' T ' shaped megaspore tetrads. 27-28.
4-nucleate and 8-nucleate embryo sacs respectively. 29. Mature embryo sac.
Figures 30-50. Bursaria spinosa 30. Micropylar part of the embryo sac showing the
egg and the secondary nucleus. Note one of the male gametes inside the cytoplasm
of the egg while the other has entered the secondary nucleus. 31-32. L.S. ovules
showing collapsing embryo sacs. 33. Collapsing embryo sac at the nuclear stage of
endosperm. 34. Collapsing embryo sac. Note the layer of endosperm cells at the
periphery. 35, 36. Endosperm nodules. 37-50. Various stages in the development
of the embryo. For abbreviations see text. 46. Twin embryos; one of suspensor
origin.

