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Abstract. The development of gametophytes and initiation of integument are descnbed in
Prenanthes brunoniana. Anther wall layers consist of an epidermis, endothecium, a middle
layer and tapetum. Endothecium developa fibrous thickenings. Tapetum is of secretary type.
Cytokinesis is ofsimultaneous type. Pollen tetrads are tetrahedral and ate shed at the 3-celled
stage. Ovule is anatropous, unitegmic and tenuinucellate_ Integumentary vascular supply is
present. The cells of dermatogen, subdermatogen and inner core all take part in the
integument formation. Embryo sac development is of the Polygonum type.
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1. Introduction
The family Compositae is embryologically highly interesting for exhibiting great
diversity in the development and organisation of the female gametophyte, presence of
synergid haustoria and peculiar behaviour of the antipodal cells (Opperman 1904;
Dahlgren 1920, 1924; Harling 1951a, b; Davis 1961).
The previous embryological work on this family has been reviewed by Schnarf
(1931) and Davis (1966). Among the recent papers, the works of Borgen (1971),
Chennaveeraiah and Patil (1971), Newcomb (1973) and Maheswari Devi and Pullaiah
(1976) are significant. Embryologically the genus Prenanthes is unknown, and this
lacuna prompted us to take up the present investigation.

2. Material and methods
P. brunoniana Wall. was collected from Fagu forest (Simla District) during September
to December, 1977 and fixed in formalin-acetic-alcohol. Conventional methods of
microtomy were followed. Serial sections (7-14/~) were cut and stained with safraninfast green. Potlen acetolysis was carried out using Erdtman's technique (Erdtman
1952).

3. Observations
3.1

Microsporangium, microsporoaenesis and male gametophyte

The young anther is 4-1obed (figure 1). A single hypodermal archesporial cell
differentiates in each lobe (figure 2) which divides by periclinal division to forro an
outer primary parietal cell and an inner primary sporogenous ceU (figure 3). The
primary parietal ceU by periclinal and anticlinal divisions forros an outer secondary
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parietal layer (osp) and an inner secondary parietal layer (/sp) (figure 4). The osp by
periclinal division forms two layers of which the outer develops into the endothecium
and inner into the middle layer whereas the isp forms the tapetum (figure 5). Thus the
fully developed anther wall shows epidermis, endothecium, single middle layer and
glandular tapetum with uninucleate cells (figures 6, 9). At maturity the middle layer
disorganises (figure 7) and the cells of the endotheciurn develop ¡
thickenings
(figure 8).
Simultaneous cytokinesis in microspore mother cells results in tetrahedral microspore tetrads (figures 10-15). The pollen nucleus (figure 16) divides to f o r m a large
vegetative a n d a smali generative cell (figure 17). The mature pollen grain is 3-celled,
tricolpate and echinolophate (figures 18, 19).
In a mature anther the adjacent lobes become confluent by the degeneration of the
partition waUs and dehiscence occurs by a longitudinal split (figure 8).
Undifferentiated anther
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Schematic representation of the ontogeny of anther wall layers in P. brunoniana Wall.

Figmres 1-19. Microsporangium, microsporogenesis and male gametophyte, 1. rs of
young anther (outLine). 2-5. Enlarged anther lobes showing differentiation of various wall
layers and spore mother cells. 6. Anther Iobe showing ncarly dr
wall layers. 7. Anther
wall layers at pollen grain stage. 8. Dehiscence of antlaer lobes. 90 Tapetal cell. 10-14. Meiotic
divisions in microspore mother cell. 15. Tetrahedral tetrad, 16-18. I-, 2- and 3-c,elled pollen
grains. 19. Palynogram. (arc, archesporium; dtp, degenerated tapetum; en, endothecium; ep,
epidermis; gn, generative cell; isp, inner secondary parietal layer; m/, middle layer;, osp, outer
secondary parietal layer;ppc, primary parietal cell; tp, tapetum; v#, vegetative cell). (1 and 8,
x 243; 2-7 and 16-19, • 606; 9-15. x 966).
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Figures 20-25. Curvature of ovule. Note the differentiation of dermatogen, subdermatogen
and central coreat megaspore mother cell stage. 20. Longisection of ovule 21-24. Sarne:
showing the progressive curvature of ovule and the development of integument. 25.
Anatropous ovule with massive single integument. (li, dermatogen; 12, subdermatogen;
13, inner core; mmc, megaspore mother cell; int, integument; ip, integument primordium)
(20-24, x 333: 25, x 243).
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Me9asporangium

The basal ovular primordium shows three cell zones: dermatogen (/1); subdermatogen
(12) and an inner core (13) (figure 20), The integument initial arises as a bulge in the
ovular p¡
This bulge consists of cells from the dermatogen and subdermatogen layers (figure 21). Due to the periclinal and anticlinal divisions in li, 12and
13 layers the integument becomes large and thick andas a result grows down (figures
22-25). The innermost layer of the integument differentiates into an integumentary
tapetum.
The ovule is anatropous, unitegmic and tenuinucellate at the megaspore mother cell
stage (figure 25). Some of the cells lining the micropylar canal elongate radially and
function as ah obturator. The funicular vascular supply enters through the chalaza and
extends up to the tip of the integument.
3.3

Megasporogenesis and female gametophyte

A single hypodermal archesporial cell (figure 26) functions directly as the megaspore
mother cell (figure 27). It undergoes meiotic divisions resulting in a linear tetrad of
megaspores (figure 28). The chalazal megaspore is functional (figure 29). Ir undergoes
three mitotic divisions giving rise to two- (figure 30), four- (figure 31) and 8-nucleate
(figure 32) gametophytes. The organised embryo sac has an egg apparatus, a central
cell with secondary nucleus and three antipodal cells (figure 33). The mature embryo
sac lies in direct contact with the endothelium due to the degeneration of the nucellus
(figure 33).
4.

Discussion

The anther wall is 4-layered thick and its development corresponds to the dicotyledonous type of Davis (1966). In Lactuca sativa (Gates and Rees 192 I) the tapetal cells lying
on one side of the loculus are quadrinucleate whereas those on the other side are
binucleate. However, in P. brunoniana the tapetal cells ate uninucleate on both the
sides.
The tapetum in P. brunoniana is of the glandular type. This type has been reported
previously only in one of the taxa of this family i.e. Ainsliaea aptera (Kapil and Sethi
1962).
The pollen tetrads are tetrahedral, decussate or isobilateral in Compositae (Schnarf
1931; Davis 1966). P. brunoniana shows only tetrahedral type of pollen tetrads.
So far there is no report on the initiation ofintegument in Compositae. The present
study shows that the celts ofdermatogen, subdermatogen and inner core atl take part in
the integument formation. Also the funicular vascular supply enters the chalaza and
extends up to the tip of the integument whereas in Launaea pinnatifida (Venkateswarlu
1941) it ends at the chalaza.
The presence of obturator is not common in this family, Dahlgren (1920, 1924)
reported the presence ofhair-like structures in the micropylar canal of Lactuca muralis
and Mutisia candolleana. The present study also shows the presence of obturator in the
micropylar canal.
In Anthem~s, Chrysanthemum, Erigeron and Tridax (Harling 1951a, b; Hjelmqvist
1951; Maheshwari and Roy 1952) mono-, bi- and tetrasporic types of embryo sac is
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Fig~r 2 91 Megasporogenesis and female ~metophyte. 291Longisection ofyoung ovule
showing archcsponai ceIl. 27, Same; showing mega~pore mother r
2,8. Linear tetrad of
megasporcs. 29. Functional megaspore. 30-32. Two--, 4 and 8-nucleatc embryo sacs, 33.
Organised embryo sac (ant, antipodals; ~,~s, degenerated megaspores; e, egg; q functional
megaspore; sn, secondary nucfeus; syg, synergJd; t, integumentary tapetum). (26-32, x 606;
33, • 333).
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present. However, in P. brunoniana, as in m o s t of other C o m p o s i t a e members,
m o n o s p o r i c type of embryo sac is present.
Synergid haustoria are reported in Calendula a n d Ursinia (Dahlgren 1920, 1924). In
P. brunoniana, they are absent.
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