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INTRODUCTION
Trm family Scrophulariaceae is of considerable interest because of the presence
of endosperm haustoria in all its members. Guilford and Fisk (1952) have
reviewed the previous literature on the family. Among the important contributions to the family, special mention is to be made of the works of BalickaIwanowska (1899), Schmid (1906), Glisic (1932, 1933, 1936-37), Krishna
Iyengar (t937-42, 1947), Cr6t6 (1949-58) and Yamazaki (1953, 1954, 1957).
Yamazaki (1957) made a taxonomical and phylogenetical study of the tribe
Veronicae and described in detail the endosperm development and the
development of embryo in several species of Veronica and Veronicastrum.
Banerji (1961) reviewed the literature on the endosperm haustoria and
tried to trace the evolution of endosperm in the family. Recently Arekal
(1963) worked out the development of seed in 3 Canadian species of
Rhinantheae.
Most of the work on this family is on endosperm, and endosperm
haustoria; the other aspects being more or less neglected. The present
communication deals with the embryology of Veronica agrestis in detail.
MATERIAL AND METHODS

Young floral buds, opened flowers and fruits of Veronica agrestis were

collected locally and fixed in Formalin-acetic-alcohol. Customary methods
of dehydration and embedding were followed and sections were cut at 8-,14
and stained with safranin-fast green and Heidenhain's iron alum Haemato~ylin. Both of these gave good results.
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OBSERVATIONS

Microsporogenesis and male gametophyte.--A transection of a very young
anther is ovoidal with a homogeneous mass of cells covered by unilayered
epidermis. Two to three rows hypodermal archesporial cells differentiate
at four angles (Fig. 1). Later on four lobes are differentiated. The excessive
growth of the outer portion and restricted growth of the inner causes the
curving of the anther lobes towards the connective (Fig. 2). The hypodermal
archesporiat cells by further divisions form three wall layers--an endothecium,
a single middle layer and a tapetum, and a group of microspore mother cells,
that are arranged in two rows (Figs. 3-5). The endothecium consists of
rectangular cells at maturity which may or may not develop a thickening.
The middle layer consists of narrow elongated cells that are crushed as the
microspore cells develop to maturity. The tapetal cells are uninucleate in
the beginning, with rich cytoplasm (Fig. 5). Later on they become vacuolated and multinucleate (Fig. 12), and form the secretory type of tapetum.
The microspore mother cells prior to reduction division occur in separate
groups or as single cells. The reduction divisions in the microspore mother
cells are followed by the formation of tetrahedral tetrads (Fig. 6). The
tetrads secrete a-mucilagenous sheath around them and ultimately the microspores get separated. They are usually equal in size but occasionlly one
of them may be smaller than the rest and may have a lunar shape. The
latter is sterile. The microspores even after separation show a tendency
to remain in groups. Individual spores at this stage are uninucleate with
cytoplasm restricted to the centre surrounded by four prominent vaculoes
(Fig. 8). Later on, the cytoplasm extends throughout the inner side of the
spore and becomes granular with clear bright spots at different points of the
reticulum (Fig. 9). The exine increases in thickness except at t/~e places of
three germ pores. Two pores develop at the distal pole while the third one
develops at the proximal pole. The nucleus divides into a large vegetative
and a small generative nucleus and the pollen grains are shed at this two-celled
stage (Fig. 10).
The mature pollen grains have a thick exine and the endoexine is thicker
than ectoexine. They are 3-zonicolpate. Occasionally, the grains with
more than three pores are also observed (Fig. II).

Mechanism of dehiscence of anther.--The dehiscing mechanism of those
anthers with the endothecial thickening is quite normal. The adjacent lobes
become confluent by the degeneration of the radially elongated cells of the
septum in between leaving a wide opening for the pollen grains to escape
(Fig. 13).

Studies in the Family Scrophulariaceae--I

335

FIGS. 1-15. Figs. 1-12. Showing microsporogenesis in Veronica agrestis. Fig. 1. Transection of young anther showing the hypoderrnal archesporium. Figs. 2--4. Transections of
young anthers showing the development of microspore mother cells and wall ]ayers. Fig. 5.
Longisecfion of young anther showing the arrangement of microspore mother cells. Fig. 6. Transection of an anther at the tetrad stage of microspores. Fig. 7. Fibrous endothecium. Figs. 8-12.
Developmental stages of mature pollen grain. Figs. 13-15. Sections of anther showing the
mechanism of dehiscence. Fig. 13. Diagram showing the mode of dehiscence of anther with
endothecial thickening. Fig. 14. Transection of anther showing the extent of epidermal air-space
at microspore tetrad stage. Fig. 15. Longisection of mature anther with the continuous epidermal
air-space, as, e~ir.spac¢.

336

THOMASM. VARGHESE

The dehiscence of anther without the endothecial thickening is very
different. An air-space develops below the epidermis just adjacent to the
connective which gradually extends in later stages. This hypodermal airspace becomes continuous in a mature anther, extending throughout the
anther. In the anther without an endothecial thickening the septa separating
the anther lobes are thinner than those in anthers with endothecial thickenings.
The septa in between the anther lobes become confluent in mature anther.
The extension of the air-space causes a change in pressure inside and breaks
the endothecium (Figs. 14--15). The epidermis also breaks later on to free
the pollen grains.
The pollen grains germinating on stigma were observed. They are
usually monosiphonous. The pollen tube develops through the central
glandular column of the style. Very rarely, the tubes develop through the
outer layers of the style but never through the epidermis. They persist in
the placenta and in the stigma up to the time when the embryo differentiates
its cotyledons. The pollen tubes have numerous minute granular contents
throughout and exhibit a great affinity for safranin.

Megasporogenesis and female gametophyte.--The hypodermal archesporium is I-2-celled (Figs. 16, I7), and functions directly as the megaspore
mother cell as in other members of the family. In those cases where there
are more than one archesporial cell only one among them is functional. The
integumentary primordium makes its-appearance around the nuceUus. The
megaspore mother cell enlarges considerably. As the integument grows
faster on the outer side than on the inner, the ovule becomes semi-anatropous
even at this stage (Fig. 18). It is unitegrnic, tenuinucellate and anatropous
at maturity.
The megaspore mother cell divides meiotically and forms a linear tetrad
of megaspores, one of which the chalazal one functions (Figs. 19-20). There
is a gradual reduction in the size of the megaspores from the chalazal to the
mieropylar end. The functioning megaspore enlarges while the remaining
ones degenerate. By this time the ovule attains a complete anatropous
position. The nucellar~epidermis starts degenerating at the tetrad stage of
the megaspores and in later stages it is represented by small remnants. The
ceils of the innermost layer of the integument undergo transverse divisions
followed by radial elongation and produce an integumentary tapetum.
The tapetal ceils are usually uninucleate with thick cytoplasm. Although
tt!e tapetum extends more or less the entire length of the embryo sac in
earlier stages it fails to keep pace with the growing embryo sac and is located
1), at the middle non-dilated portion of the embryo sac, Sometimes the
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FIGS. 16-31. Figs. 16-24. Megasporogenesis. Figs. 16-18. Megaspore archespofium.
Fig. 16. Unicellular archesporium. Fig. 17. Bicellad archesporium. Fig. 18. Semi-anatropous ovule with the megaspore mother cell. Fig. 19. Megaspore tetrad. Fig. 20. Longisection of ovule with the functioning megaspore. Figs. 23-24. Longiseetion of ovule with mature
embryo-sac. Figs. 25-31. Different stages in the development of endosperm and haustoria.
ce, central chamber; ch, chalazal haustorium; chc, chalazal chamber; c.s., conducting strand; end,
endosperm; ini, integumentary initials; int, integumentary tapetum; mih, micropylar haustorium;
mic, micropylar chamber; nu, nucellus; po, pollen tube; sy, degenerated synergids.
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integumentary cells lying adjacent to the integumentary tapetum also assume
the structure of the latter.
The nucleus of the functioning megaspore divides and forms a binucleate
embryo sac, the nuclei being separated to the two poles by a prominent vacuole
in between (Fig. 21). A second division of the nuclei produces a four-nucleate
embryo sac with an expanded micropylar and a narrow chalazal end (Fig. 22).
At the micropylar end the nuclei are arranged in a vertical plane while in the
chalazal end their arrangement is horizontal. Another division results in
an eight-nucleate condition that organizes into a typical Polygonum type of
embryo sac (Maheshwari, 1950). The egg is interpolateJ in between two
synergids and has a vacuole at the micropylar end, whereas the synergids
have theirs on the chalazal end (Fig. 23). The polar nuclei are of equal size.
The nucleus of one of the polars usually has a ' vacuole-like' hyaline
centre. The antipodals are arranged one above the other. Sometimes
only two antipodals are present, one of them being binucleate (Fig. 24). The
antipodals are ephemeral and degenerate before fertilization as in Ilysanthes
and Bonnaya (Krishna Iyengar, 1940 b) and Anticharis (Joshi and Varghese,
1963). The polar nuclei move towards the egg and fuse prior to fertilization
(Figs. 24, 25).

Fertilization.--The fertilization is porogamous as the pollen tube enters

through the micropyle after traversing the placenta. In entering the embryo
sac it destroys one of the synergids while the other one degenerates itself
by the time fertilization takes place. After fertilization only the deeply
stained zygote and the primary endosperm nucleus are present (Fig. 25).

Endosperm and endosperm-haustoria.--Theprimary endosperm nucleus

moves to the chalazal end of embryo sac and divides into two to form a large
micropylar and a small chalazal chamber (Fig. 26). The next division of
the micropylar chamber is longitudinal to form two linear cells, whereas
the nucleus of the chaIazal chamber divides, unaccompanied by a cell wail
in between, to form a binucleate haustorial cell that functions directly as
a chalazal haustorium (Fig. 29). The two cells of the micropylar chamber
divide to form a micropylar and a central chamber, consisting of two cells
each (Fig. 29). In a fertilized embryo sac there are innumerable minute
vacuoles which coalesce as the division of the micropylar chamber takes
place. This helps in the elongation of the micropylar chamber. The nuclei
of the cells of the micropylar chamber divide unaccompanied by ceil walls
to produce a micropylar haustorium consisting of two binucleate cells (Fig. 30).
The central chamber divides by vertical walls at right angle to the one already
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present. Repeated transverse and tangential divisions of these cells produce
the endosperm proper (Fig. 31).
The chalazal haustorium is the first to be active. Its nuclei become
hypertrophied and ellipsoidal. The micropylar haustorium has a bulbous
end. Both the chalazal and the micropylar haustoria are very much aggressive and dissolve several layers of the integument and only one or rarely
two layers of the integument are left at the chalazal and micropylar ends
(Fig. 31).
At maturity the septum in between the two micropylar haustorial cells
dissolves. Thus the micropylar haustorium becomes a tetranucleate body,
the nuclei of which become hypertrophied. As the seeds approach maturity,
the nuclei of the haustoria fragments and lies in two 'cavities '. These
cavities represent the positions of the micropylar and chalazal haustoria.
Sometimes the development of the haustoria is so much that both the haustoria
fuse together and the fragmented nuclei lie in a 'common cavity' (Fi K. 47).
Just below the haustorial cells, a few of the endospermic cells take deeper
stains on account of their thick contents. These are perhaps 'conductive
cells '. The existence of such cells has been reported in Torenia fournieri
(Guilford and Fisk, 1952), Striga spp. (Tiagi, 1956), Veronica spp. (Yamazaki,
1957) and in Anticharis linearis (Joshi and Varghese, 1963).
It is worthwhile to mention the existence of a conductive strand which
extends from the central placental cord to the chalazal end of the ovule. The
chalazal haustorium is in direct contact with the conductive strand. In the
younger ovules the conductive strand is represented by rectangular procambial cells. As the ovule approaches maturity these cells become elongated
and are enriched with thick contents.

Embryo.--The embryo starts its development only after several divisions
of the endosperm. The zygote elongates considerably and divides transversely
resulting in a basal cell cb and a terminal cell ca (Fig. 32). The former divides
transversely to form two cells cb and m, while the latter divides longitudinally
(Figs. 33-34). Each of the terminal cells undergoes vertical divisions to
form a quadrant. The quadrant cells by transverse walls in each produce
octants (Fig. 35). The lower four of these are destined to become stem tip
and cotyledons while the upper four form the hypocotyl. The octants divide
by periclinal walls that demarcate an axial group of 8 cells from a peripheral
layer of eight ceils (Fig. 36). The peripheral layer forms the dermatogen
while the inner ones undergo further divisions to produce periblem and
plerome initials (Figs. 37-43).
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Fins. 32--44. Figs. 32-43. Stages in the development of the embryo. Fig. 44. Embryonic
root apex. ca, apical cell; eb, basal cell; ci (see Text) : de, dermatogen; d~n, degenerated endospei~i¢
cell; em, embryo; iec, initials for embryonic root cortex; l', prhnary ceils for the embryonic
root apex; l, initials for embryonic shoot apex and cotyledon; m, middle cell; pco, primary
initials for root cap; pc, periblem, pl, plerome; re, root cap; ire, initials for root cap.
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Meanwhile, the two upper cells (ei and m) by repeated transverse divisions produce a suspensor composed of 15-17 cells or even up to 25 cells.
The basal cells of the suspensor are either broader than those of the lower
side (Fig. 37) or may be narrower than the latter (Fig. 39). The lowermost
cell of the suspensor functions as 'hypophysis '. The hypophysic cell first
divides transversely to form two cells, each of which undergoes further divisions to produce two groups of cells ice and peo. The former forms the
initials for the root cortex and latter the root cap (Figs. 37-43). Thus
in the embryonic root, there are two groups of initials--a group of cells constituting the initials for peribIem and plerome, and another for the root cap.
The embryonic root cap is well developed and the mature embryo has two
massive cotyledons of equal size.

Seedcoat.--The development of seedcoat in V. agrestis is quite interest-

ing. The integument at the time of fertilization is composed of 4-5 layers
of cells. When the embryo commences its development, the integument
consists of 7-8 layers on one side and 13-15 on the other (Fig. 31). The
integumentary tapetum gradually disappears as the contents are utilized
for nutrition (Figs. 51-52). In the later stages the contents of all the hypodermal layers are utilized for nutrition of the embryo and the epidermal layer
becomes papillose (Figs. 53-55). As the cotyledons differentiate, the integument is represented only by the epidermis. In the mature stage of the seedcoat, most of the epidermal cells are consumed while some of the epidermal
cells become spinous and are distributed apart over the seed (Fig. 56).
As all the cells of the integument, except a few scattered epidermal cells,
lose their contents, the function of the seedcoat is taken by the persisting
endospermic cells. In a mature seed the whole of the central portion of
endosperm is eaten away by the developing embryo and only 3--4 peripheral
layers are left. These become thick-walled. The outline of a mature seed
shows a number of ridges interrupted by alternate furrows (Fig. 50). At
the ridges there are 4 layers of endospermic cells (seedcoat) while in furrows
it is 3-layered. The extent of the endosperm at different stages of the ovule
is shown in Figs. 45-50.
DISCUSSION
The embryology of Veronica agrestis is interesting in several respects,
especially from the point of view of dehiscence mechanism of the anther,
the aggressive nature of the endosperm haustoria and the development of
seedcoat from the endosperm.
Ii2
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As has already been described there are two types of anthers in this
species--one with, and the other without, endothecial thickenings. Habitat
alone does not seem to be enough reason for non-development of endothecial
thickenings, for, they are present in the anther of aquatic plants alike as in
Potamogeton crispus (Gupta, 1934), Wolffia (Maheshwari, 1954), etc. The
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Fins. 45-56. Figs. 45-50. Semidiagrammatic representation of ovule at different stages
showing the extension of endosperm and nature of ovule. Figs. 51-56. Stages in the development of sccdcoat. Ch, chalazal haustorium; cs, conducting strand; era, embryo; end, endosperm;
in, integument; reich, micropylar haustorium. Note the fusion of chalazal and micropylar haustoria
in Fig. 47.
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dehiscence mechanism in those anthers with endothecial thickening is quite
normal while in those anthers which lack it, the mechanism is by the extension
of an air-space, just below the epidermis which causes the breaking of the
endothecium. Later on, the epidermis also breaks and the pollen grains
are liberated.
AU the members of Scrophulariaceae show the presence of an integumentary tapetum just outside the embryo-sac. This is described to have
nutritive, digestive, storage and protective functions (Lavialle, 1922; Krishna
Iyengar, 1940 b). The thick cytoplasmic contents and their gradual disappearance as the seed develops to maturity suggest a primarily nutritive role of
this layer in Veronica agrestis.
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FIo. 57. Diagrammatic representation of development of endosperm haustoria in Veronicae
A, Type Veronica I; B, Type Veronica 1I, C, Type Veronica Ill, D, Type Veronica IV; EandF,
mode of development of endosperm haustoria in V. symbalaria and V. agrestis respectively. [A
B, C and D are adopted from Yamazaki (1957) with slight modification. The upper portion
indicates micropylar end and dotted lines show the disappearing cell wall.]

The members of Scrophulariaceae are characterised by the presence
of both chalazal and micropylar haustoria or only one. Yamazaki (1957)
divided the haustoria in Veronicae into four types as represented in
Figs. 57 A, B, C and D. In all types described by Yamazaki the first division
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of the primary endosperm is followed by the formation of a transverse wall.
The second division may be longitudinal in both the micropylar and chalazal
chambers as in ' Veronica 1' type o r ' Veronica H' type while in ' Veronica l i p
a n d ' Veronica IV' types the second division takes place only in the micropylar
chamber and is longitudinal. In the latter case there is no nuclear division
in the chalazal chamber during the second wall formation. Weiss (1932)
noted that the first division of the primary endosperm nucleus is transverse
in Veronica symbalaria as in other cases, but the second division is transverse
in the micropylar chamber. Veronicaagrestis, although it resembles in later
stages ' Veronica 111' type of Yamazaki (1957), differs from it slightly in
developmental detail (Fig. 57 F).
The extensive development of haustoria and their aggressiveness are also
worth some attention. Both the chalazal and micropylar haustoria are so
aggressive that they eat away all but one or two layers of integumentary
ceils at the chalazal and micropylar ends. The extent of growth of these
haustoria is so much as to reach the funiculus of the ovule and sometimes
both these haustoria meet just below the funiculus. The intimate contact
of the chalazal haustorium with the conducting strand of the ovule which
is in direct contact with the placental vascular supply provides for efficient
functioning.
Another interesting point to be noted in Veronica agrestis is the much
elongated suspensor that may be up to 25 cells in length. Except for this
the development of the embryo is very similar to that in Veronica arvensis
(Soiieges, 1921), Verbascum blattaria (Soiieges, 1935) and Veronica
hederaefolia (Yamazaki, 1957).
SUMMARY

The present communication deals with the different aspects of the embryology of V. agrestis, a member of Scrophulariaceae.
The microspore archesporial cells are 2-3 rowed in each lobe. The anther
wall consists of epidermis, an endothecium with or without a thickening, a
middle layer and a secretory tapetum. The pollen tatrads are tetrahedral and
pollen grains are 3-zonicolpate and are shed at biceIIed stage. The
dehiscing mechanism of the anther is dealt with in detail.
Ovules are unitegmic, anatropous, and tenuinucelIate. The embryo-sac
conforms to Polygonum type. Antipodals and synergids are ephemeral.
Fertilization is porogamous.
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Endosperm is cellular with both micropylar and chalazal haustoria
composed of two and one binucleate cell respectively and the micropylar
haustorium becomes one-celled and tetranucleate by the dissolution of the
partition wall.
Embryo development conforms to Crucifer type. Proembryo has a
very long suspensor. There are two separate rows of initials in the embryonic
root--one for the embryonic root cortex and the other for root cap.
The seedcoat develops from the endospermic cells.
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