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ABSTRACT

The young microsporangial wall of Veronica serpyllifolia L. is made
up of four layers of cells, the innermost being the glandular tapetum.
During later stages the tapetal cells become binucleate, the middle layer
breaks down and the endothecial cells acquire band-like thickenings on
their tangential walls.
Quadripartition of the mierospore mother cells is simultaneous. The
pollen grains at the time of release are two-celled.
Development of female gametophyte in the unitegmie, tenuinucellate,
hemianatropous ovules conforms to the Polygonum type. An endothelium surrounds the middle part of the mature embryo sac.
The endosperm is ab initio cellular and is haustorial. The ehalazal
haustorium is unicellular, binucleate and tube-like. It comes in contact
with the terminal ertd of the conducting strand of young seed. The micropylar haustorium, made up of two birmcleate cells to begin with, becomes
a 4-nucleate body after cell-fusion. The extension of this haustorium is
intercellular in the initial stages but becomes intracellular in later stages
and comes in contact with the conducting strand near the micropylar part
of the seed.
Development of the embryo conforms to the Crucifer type. The cell
d functions as the hypophysis.
The embryological data obtained in the study have been evaluated in
the light of previous work in the tribe Digitaleae.
INTRODUCTION

EMBRYOLOGICAL studies in the tribe Digitaleae of the subfamily Rhinanthoideae, Scrophulariaceae (Wcttstein, 1897) extend back to 1849 when
Tulasne studied the development of the ovule and seed of eleven species of
Veronica and Digitalis purpurea in addition to the other Scrophulariaceae.
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In the same year Hofmeister (1849) investigated Digitalis and later included
Veronica buxbaumii, 1I. hederaefolia, and V. triphyllos in his (Hofmeister,
1859) studies on the formation of the embryo in Angiosperms. In 1874,
Chatin examined the development of the ovule and seed of nine species of
Veronica and Digitalis purpurea. In an extensive study of the development
of the embryo sac in Angiosperms, Vesque (1879) included the genus Veronica.
This was followed by Jrnsson's (1879-80) work on the development of the
female gametophyte of Veronica gentianoides in addition to other species
of Angiosperms. The seedcoat structure of a few species of Veronica and
Digitalis was examined by Bachmann in 1882. Buscalioni (1893 a, b, 1894)
studied the formation of endosperm in Veronica hederaefolia and explained
the mode of deposition of cellulose in the micropylar haustorium. A beautifully illustrated paper based on a study of five species of Veronica was published by Meunier in 1897. He clearly described the initial development
of the endosperm and also noted a unicellular, binucleate, chalazal haustorium
and a two-celled, four-nucleate, micropylar haustorium which attained a
unicellular state in later stages. In her studies on the nutritional role of the
endosperm haustoria during seed formation in some of the Gamopetaleae,
Balicka-Iwanowska (1899) included Digitalis purpurea. An account of
the development of the female gametophyte and endosperm of Veronica
chamaedrys, V. hederaefolia, Digitalis purpurea and D. ambigua was given
by Schmid in 1906. Subsequently, Dop (1913, 1914) investigated organization of the endosperm and origin of the cellulose network in the micropylar
haustorium of Veronica persica. The first detailed investigation of development of the embryo in the Scrophulariaceae was made by Sou~ges (1921)
in Veronica arvensis. Gscheidle (1924) investigated the structure and organization of the endosperm in a large nu:llber of species of Veronica. Based
on the nature of the chalazal haustorium he presented a classification of the
endosperm types within the genus, stressing the significance of these types
in interspecies relationships. A similar study of additional species of Veronica
was made by Weiss (1932). Krishna Iyengar (1939, 1942) investigated the
development of the embryo sac and endosperm of Isoplexis canariensis and
Rehmannia angulata. Cr&6 (1953), prompted by the doubts expressed by
Gli]i6 (1936-37) on the correctness of Schmid's (1906) description of the early
stages of endosperm in Digitalis, reinvestigated Digitalis purpurea. He
clearly demonstrated the inaccuracy of the observation made by Schmid
(1906) and concluded, as was anticipated by Glisic (1936-37), that the endosperm development entirely agreed with the account on Verbascurn and Celsia
provided by H~tkansson (1926). Crrt6 (1954) extended his study to the allied
genus Erinus and discussed the close relationships of Digitalis and Erinus
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on the basis of their endosperm structure and embryogeny. The recent
investigations in the tribe are those of Yamazaki (1957) and Varghese (1963).
The present work dealing with the gametogeneses, endosperm and embryo
of Veronica serpyllifolia was undertaken because of the fragmentary information furnished by Gscheidle (1924) on the species and it is based on the
material collected in Ontario, Canada.

OBSEI~.VATIONS
Microsporangium and male gametophyte.--In transection the young
anther is mostly rectangular in shape and contains a plate of large, densely
protoplasmic, hypodermal archesporial cells in each of the four corners
(Fig. 1). Each archesporial plate divides periclinally resulting in primary
parietal and primary' sporogenous layers (Fig. 2). The parietal layer, by a
similar division, gives rise to two rows of ceils, the inner of which differentiates
directly into a glandular tapetum. The outer layer, by another division,
forms an endothecium and a middle layer (Figs. 2, 3). During later stages
of microsporangial development the tapetal cells enlarge considerably and
become binucleate, and vacuoles are organized in their cytoplasm. They
nourish the spore mother cells and young microspores, eventually becoming
completely used up (Figs. 4-7). The middle layer breaks down and the
endothecial cells develop prominent band-like thickenings on their tangential
walls (Fig. 7).
The primary sporogenous layer through further divisions forms a sporogenous tissue which gives rise to the microspore mother cells (Figs. 2--4).
The spore mother cells undergo reduction divisions of the simultaneous type
and produce tetrahedral tetrads of microspores (Figs. 8-12). The microspores separate from the tetrad and increase in size as vacuoles appear in
the cytoplasm (Fig. 13). Soon each spore divides, forming a small generative cell and a large tube cell. The generative cell separates itself from the
microspore wall and becomes surrounded by the cytoplasm of the tube cell
(Fig. 14). The young two-celled pollen grain accumulates large quantities
of starch in the cytoplasm of the tube cell, quite often even masking the nuclei
(Fig. 15). At the shedding stage, starch disappears completely and the generative cell presents an elongated appearance, its nucleus often being in pro.
phase (Fig. 16). By the time the pollen ~,rains are mature the separating
layers of cells between the adjacent microsporangia break down (Figs. 6, 7)
and the pollen grains are shed through a common opening.

Ovary and ovules.--The ovary is superior, bicarpellary, syncarpous and
bilocular. The young axile placental humps are massive (Fig. 17). They
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give rise to several papillate ovular primordia (Figs. 18, 19), each of which
develops into a unitegrnic, tenuinucellate and hemianatropous ovule (Figs. 20,
21, 29, 30).

Megasporogenesis and female gametophyte.--A hypodermal archesporial

cell differentiates very early in the ovular primordium and becomes conspicous by its size, dense cytoplasm and a large nucleus (Fig. 20). It enlarges
further, functions directly as the megaspore mother cell (Fig. 21), and undergoes meiotic divisions. A transverse wall follows after the first nuclear
division, organizing the two dyad cells (Figs. 22, 23). These, by another
simultaneous transverse division, produce a linear tetrad of megaspores
(Figs. 24, 25). The three micropylar megaspores degenerate and the chalazal
functions (Fig. 26). As the functional megaspore enlarges in size its nucleus
divides. The resulting daugher nuclei become separated by a central vacuole
(Fig. 27) and are gradually pushed apart to the opposite poles of the young
embryo sac. The two nuclei divide simultaneously (Fig. 28) organizing
a 4-nucleate embryo sac (Fig. 29). The four nuclei again divide and an
8-nucleate embryo sac results. Soon, an egg apparatus and antipodal cells
are organized in the sac while the two polar nuclei move toward each other
(Fig. 30). The nucellar cells around the developing embryo sac, meanwhile, break down and largely disappear (Figs. 28-31). Nevertheless, the
remnants of degenerated megaspores can be recognized clearly for some time
(Figs. 27, 28, 30). The mature embryo sac is elongated and has a slightly
broad micropylar part (Fig. 31). An integumentary tapetum, consisting
of densely cytoplasmic cells, surrounds the middle region of the embryo sac.
The egg apparatus is made up of two large synergids and an egg. The polar
nuclei fuse and form a secondary nucleus. The antipodal cells are small,
thin-walled, and show signs of degeneration.

Endosperm.--The primary endosperm nucleus divides much earlier
than the zygote and division is followed by a transverse wall, resulting in
primary chalazal and primary micropylar chambers (Fig. 32). The chalazal
chamber functions directly as the chalazal haustorium and soon becomes
binucleate (Fig. 33). The micropylar chamber divides by a vertical wall
(Figs. 32, 33). The resulting juxtaposed cells produce two tiers of two cells
each by a transverse division (Figs. 34, 35). The ceils of the micropylar
tier differentiate into the micropylar haustorium and those below function
as the initials of the endosperm proper.
The young binucleate chalazal haustorium extends as a tube and comes
in direct contact with the terminal part of the conducting strand of the young
seed (Fig. 38). During later stages of seed development it becomes pushed
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to one side because of the eccentric development of the endosperm tissue,
and degenerates earlier than the micropylar haustorium (Fig. 41).
The nuclei in the two micropylar haustorial cells divide without being
accompanied by a wall (Figs. 36, 37). Soon the haustorium enlarges and
the two cells fuse on the micropylar side. Then it extends toward the conducting strand of the young seed (Figs. 37, 38) and the four nuclei move into the
extension (Figs. 38, 39). Early growth of the haustorium is intercellular
but later it appears to become intracellular (Figs. 38-40). The micropylar
haustorium, at the peak of its activity, assumes an irregular shape and comes
in direct contact with the conducting strand (Figs. 39, 40). As the seed develops further the activity of the haustorium ceases and its remains are recognised
even in the mature seed (Fig. 41).
The initials of the endosperm proper divide transversely and form two
tiers of two cells each (Fig. 37). Through further divisions in these tiers
of cells an endosperm tissue is formed (Fig. 38). As it increases in bulk
the surrounding, densely cytoplasmic, endothelial cells divide and keep pace
with the enlarging endosperm tissue, while many around them break down
(Fig. 39). In the old seed the endosperm ceils acquire a heavy lamellose
wall. The inner tangential walls of the endothelium become thick, whereas
the cell walls of the outer epidermis of the integument remain thin. The
epidermis forms a thin envelope around the remains of the endothelium, both
layers constituting the seedcoat (Figs. 41, 42).
Embryo.--The zygote elongates considerably (Figs. 37, 43) before undergoing a transverse division and gives rise to a short terminal cell ca and a
long basal cell cb (Fig. 44). The basal cell divides transversely and the terminal one vertically, forming a T-shaped proembryonal tetrad of A2 category
(Figs. 45, 46). The two juxtaposed cells undergo vertical division at right
angles to the previous one, organizing the quadrants q (Figs. 47-49). The
quadrants divide transversely, resulting in the octants. The two tiers of
octants are represented by l and l' (Fig. 51). Periclinal divisions soon occur
in the tier l' and then in l delimiting the dermatogen de from an inner group
of cells (Figs. 52-54). Subsequent periclinal divisions in the inner group
of cells of l' result in the differentiation of periblem pe and plerome pl (Fig. 55).
By further transverse and longitudinal divisions of the cells of the region l',
the hypocotyledonary part of the embryo, phy, is formed (Figs. 56-61). The
cells of region 1 undergo vertical divisions (Figs. 56, 57, 59) before dividing
transversely, and by subsequent divisions produce the stem tip, pvt, and
cotyledons, cot (Figs. 60, 61). Meanwhile, by the time the quadrants and
octants are organized in the proembryo, the cells ci and m generally divide
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transversely, forming cells n and n' and d and f respectively (Figs. 48-52).
The cell d functions directly as the hypophysis (Figs. 52, 53). It undergoes
a transverse division, producing an upper initial cell of the root cortex, lee
and a lower initial of the root cap, ico (Fig. 55). The two cells divide by
cruciate walls, producing two tiers of four cells each (Figs. 59, 60). These,
by further divisions, contribute to the respective parts (Fig. 61). Occasionally
the cell ci never divides (Figs. 51, 53, 54) and the initial cell of root cap divides
transversely (Figs. 57, 58), producing two superposed cells, the lower of which
contributes to the suspensor while the upper alone gives rise to the root cap.
The uniseriate suspensor, consisting of 2 to 4 cells, degenerates when the
embryo developg cotyledons (Fig. 61).
DISCUSSION
The mode of embryo sac development in Veronica serpyllifolia conforms
to the Polygonum type (Maheshwari, 1950), as in the other investigated species
of Digitaleae. The fusion of polar nuclei forming the secondary nucleus,
observed in the present study, has also been recorded in several species of
Veronica (J6nsson, 1879-80; Gscheidle, 1924, Weiss, 1932; Varghese,
1963), Digitalis purpurea, D. ambigua (Schmid, 1906), lsoplexis canariensis,
Rehmannia angulata (Krishna Iyengar, 1939, 1942), and Erinus alpinus (Cr6t6,
1954). But according to Schmid (1906), the polar nuclei in Veronica chamaedrys do not fuse before fertilization. He considers this feature to be a valuable
character in the grouping of species within the genus, i.e., species in which
the polar nuclei fuse before fertilization and species in which they do not.
On the other hand, Gscheidle (1924), who investigated the largest number
of species of Veronica, did not attach any importance to this feature. According to him (Gscheidle, 1924) the time of fusion of polar nuclei varies even
within closely allied species. Weiss (1932), who also studied several species
of Veronica, apparently supported Schmid (1906) because he could not positively find the prefertilization-fusion of polar nuclei in many species. In
the present study, however, it was noted that the fusion of polar nuclei occurred
just before the entry of the pollen tube into the embryo sac.
The three antipodal cells in Veronica serpyllifolia are thin-walled with
sparse contents. They degenerate soon after fertilization without apparent
residue, as in most species of Veronica (Gscheidle, 1924; Weiss, 1932; Varghese, 1963), Digitalis purpurea, D. ambigua (Schmid, 1906), Isoplexis canariensis, and Rehmannia angulata (Krishna Iyengar, 1939, 1942), and Erinus
alpinus (Cr6t6, 1954). Nevertheless, in Veronica alpina Weiss (1932) observed
them even during the initial stages of endosperm development.
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The endosperm in the present study is ab initio cellular and the mode
of organization agrees broadly with the earlier account given by Gscheidle
(1924) and is similar to the general pattern recorded for most of the species
of Veronica (Meunier, 1897; Gscheidle, 1924; Weiss, 1932; Yamazaki,
1957; Varghese, 1963). On the other hand, it has been claimed for Veronica
lmxbaumii, V. triphyllos (Hofmeister, 1859), V. hederaefolia (Hofmeister,
1859; Buscalioni, 1893; Schmid, 1906), V. chamaedrys (Schmid, 1906),
and V. cymbalaria (Weiss, 1932) that a transverse wall occurs in the primary
micropylar endosperm chamber and the. three resulting endosperm cells
become arranged in a single file. The cell in the middle gives rise to the
endosperm proper and the cells at either end develop into the respective
haustoria. But subsequent work on Veronica triphyllos (Meunier, 1897),
V. hederaefolia (Meunier, 1897; Yamazaki, 1957), and V. chamaedrys
(Gscheidle, 1924) revealed the occurrence of a vertical wall instead of a transverse one in the primary micropylar endosperm chamber. It is quite easy
to overlook the vertical wall in cases where it happens to lie in the same plane
as the section is cut, or where the two juxtaposed cells are placed one behind
the other and extend into two or more sections. Another possible source
of misinterpretation is the rapidity with which transverse walls are laid down
in these juxtaposed cells (Gscheidle, 1924; Glisic, 1936-37).
In the present species it has been shown that the two juxtaposed cells,
produced by the vertical division of the primary micropylar endosperm
chamber, divide transversely to yield two tiers of two cells each as in almost
all species of Veronica (Meunier, 1897; Gscheidle, 1924; Weiss, 1932;
Yamazaki, 1957; Varghese, 1963), Rehmannia angulata (Krishna Iyengar,
1942), Veronicastrum and Wulfenia (Yamazaki, 1957). However, in Digitalis
purpurea and Erinus alpinus (Cr&6, 1954) the division in the two juxtaposed
cells is vertical and at right angles to the first one so that the four resulting
cells are disposed in a single tier. Transverse divisions in them occur later,
producing two tiers of four cells each.
As in a majority of the investigated species of Veronica (Meunier, 1897;
Schmid, 1906; Gscheidle, 1924; Weiss, 1932; Yamazaki, 1957; Varghese,
1963) and Rehmannia angulata (Krishna Iyengar, 1942) the chalazal haustorium in the present study is "unicellular and binucleate. An incomplete
longitudinal wall has been occasionally noted in Rehmannia angulata by
Krishna Iyengar (1942), although, sometimes, three to five nuclei are met
with. In Veronica ponae (Gscheidle, 1924) the chalazal haustorium is generally a binucleate cell but occasionally a complete vertical wall is laid down
between the two nuclei as in V. gonani (Weiss, 1932). A two-celled chalazal
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haustorium has been observed as a regular feature in V. alpina and V. aphylla
(Weiss, 1932), V. nipponica and V. onoei (Yamazaki, 1957). Further, in
V. virginica, V. longifolia, V. spicata (Gscheidle, 1924), V. daisensis and V. tubiflora (Weiss, 1932), V. sieboldiana, V. kiusiana var. maritima, V. ornata,
V. rotunda var. subintegra, Veronicastrum sibericum var. japonicum, V. axillare
and Wulfenia carinthiaca (Yamazaki, 1957), like Isoplexis canariensis (Krishna
Iyengar, 1939), Digitalis purpurea and Erinus alpinus (Crdtd, 1953, 1954),
the chalazal haustorium consists of four cells disposed in a single tier. It is
generally considered that the four-celled condition is primitive and the
binueleate unicellular state is advanced, brought about by progressive reduction and simplification. Schmid (1906) noted that after the degeneration
of the chalazal haustorium in Veronica chamaedrys the cells of the endosperm
proper at the chalazal end enlarged and penetrated into the surrounding
tissue functioning as a secondary haustorium. But, Gscheidte (1924) who
also investigated the same species did not confirm the existence of a secondary
haustorium such as was claimed by Schmid (1906).
The enlargement of the two binucleate mieropylar haustorial cells and
their subsequent fusion noted in Veronica serpyllifolia has also been observed
in many species of Veronica (Meunier, 1897; Gscheidle, 1924; Weiss, 1932,
Yamazaki, 1957; Varghese, 1963). In Rehmannia angulata (Krishna Iyengar,
1942) the two cells fuse forming a bulbous two to six-nucleate body. On
the other hand, the micropylar haustorium of Veronica crista-galli remains
two-celled and two-nucleate throughout (Weiss, 1932). In V. persica
(Yamazaki, 1957) the two uninueleate cells sometimes become binucleate
while in 1I. miqueliana (Yamazaki, 1957) the two uninudeate cells fuse in
later stages forming a binucleate structure. The micropylar haustorium of
V. sieboldiana (Yamazaki, 1957) is usually made up of two binucleate cells
as in V. serpyllifolia but occasionally it becomes 3 or 4-celled and the cells
fuse together in later stages. The same is true for V. kiusiana var. maritima,
V. ornata, V. rotunda var. subintegra (Yamazaki, 1957). Further, in V. virginica, 1I. longifolia (Gscheidle, 1924), Veronicastrum sibiricum var. japonicum,
V. axillare and Wulfenia carinthiaca (Yamazaki, 1957) the micropylar haustorium is regularly made up of four uninucleate cells disposed in two tiers of
two cells each. Isoplexis canariensis (Krishna Iyengar, 1939), Digitalis
purpurea and Erinus alpinus (Cr6t6; 1953, 1954) resemble Veronica virginica
(Gscheidle, 1924) in possessing a 4-celled micropylar haustorium, but differ
from it in having all the four cells disposed in a single tier.
The development of the embryo in Veronica serpyllifolia is similar to
that of other species of Veronica (Sou~ges, 1921 ; Yamazaki, 1957; Varghes~,
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1963) so far studied, Digitalis purpurea and Erinus alpinus (Crrt~, 1953, 1954).
The progress of segmentation of the apical cell of the two-celled proembryo
is faster than the basal cell. The cell d functions as the hypophysis as in
Digitalis purpurea and Erinus alpinus (Crrtr, 1953, 1954), Veronica hederaeolia, 1I. maritima (Yamazaki, 1957). But in II. arvensis (Sou~ges, 1921)
and 1I. persica (Yamazaki, 1957) it undergoes a further transverse division
forming cells p and q, the former functioning as the hypophysis while the
latter contributes to the suspensor. An essentially similar condition has
been noted in 1I. agrestis (Varghese, 1963). The subsequent behaviour of
the hypophyseal cell is similar in all the species of Digitaleae so far studied.
Nonetheless, as an occasional feature, in the present study, the initial cell of
the root cap undergoes a transverse division, the resulting superior daughter
cell engenders the root cap and the inferior one is added on to the suspensor.
According to the embryogenic classification of Sou~ges (1939, 1948)
the above type of embryo development is assigned to the first period, fourth
megarchetype and group one in series A, because the embryogeny could be
defined by the formula cb = iec + co q-s. In the classification proposed
by Johansen (1950) it conforms to the Onagrad type and Mentha Variation.
It should be pointed out here about the validity of the creation of Veronica
Variation under the Onagrad type by Johansen (1950). With reference to
his (Johansen, 1950) Veronica Variation, based on the work of Sou~ges (1921)
on Veronica arvensis, Johansen (1950) writes: " A t the fourth cell generation
the Mentha and Veronica Variations are both characterized by having twelve
cells disposed in six tiers, but in the Mentha Variation eight of these cells
are derived from the terminal cell and four from the basal cell, whereas in
the Veronica Variation four are derived from the terminal cell, and eight from
the basal cell (that is an exact reversal of the respective derivations). " On
the other hand, to quote Sourges himself (1921) : " P a r consrquent, pendent
que quatre cellules tirent leur origine de la cellule basale, cb, huit sont engendrres par la cellule apicale, ca, autrement dit, au terme de la quatri~me
grn~ration le enabryon ne comparend que douze ~lrments au lieu de seize "°
Therefore the embryogeny of Veronica arvensis also conforms to the Mentha
Variation and the creation of Veronica Variation under the Onagrad type
by Johansen (1950), evidently, is baseless.
Embryologically the genera Digitalis and Erinus appear to be different
from Veronica. They consistently have two vertical divisions in the primary
micropylar endosperm chamber before the delimitation of the micropylar
haustorium and also a single-tiered, 4-celled micropylar and chalazal haustoria without lateral extensions. These features are very characteristic of
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the tribe Verbasceae of the subfamily Pseudosolaneae. On the other hand,
Veronica has only one vertical division of the primary micropylar endosperm
chamber before the delimitation of the micropylar haustorium. In most of
the species so far studied the micropylar haustorium consists of two binucleate
cells, although a two-tiered, 4-celled condition is met with in some cases.
During seed development these cells invariably fuse forming a 4-nucleate
body which generally extends toward the conducting strand of the seed as
in Rhinantheae and Gerardeae (Arekal, 1963, 1964). The chalazal haustorium is also unicellular and binucleate in most species of Veronica as in the
above two tribes of the Rhinanthoideae. The embryological data, therefore,
support the further division of the tribe Digitaleae of Wettstein (1897) into
tribe Digitaleae comprising the genus Digitalis and others, and tribe Veroniceae, including the genus Veronica and others as has been followed by
Pennel (1935), the former of these tribes having more primitive traits such as
distinct stigmas and septicidal dehiscence of the capsule and the latter with
united stigmas and nearly wholly loculicidal dehiscence of the capsule.
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EXPLANATION OF FIGURES

FIGS. 1-16. Microsporangium and male gametophyte in Veronica serpyllifolia. Fig. 1.
Transection of an young anther showing the hypodermal archesporial plates, x 507. Fig. 2. T.s.
of two young microsporangia showing the organization of the primary parietal and primary sporog~ous layers, x633. Fig. 3. T.s. of a microsporangium slightly older than the ones shown in
Fig. 2, ×633. Fig. 4. T.s. of a microsporangiurn showing the fully organized anther wall; note
the binucleate tapetal cells and the microspore mother cells, × 633. Fig. 5. Part of t.s. of microsporangium showing the degeneration of middle layer, x 950. Fig. 6. T.s. of an anther before
the discharge of pollen grains, × 67. Fig. 7. Part of t.s. anther marked × in Fig. 6, enlarged
to show the confluence of adjacent microsporangia, and the endothecial thickenings, × 293. Figs.
8-12. Formation of the microspore tetrad from the microspore mother cell, x 1,267. Fig. 13. A
uninucleate pollen grain, x 1,267. Fig. 14. A bicelled pollen grain, x 1267. Fig. 1"5
A bicelled pollen grain slightly older than the one shown in Fig. 14; note the starch grains in the
tube cell, ×950. Fig. 16. A mature pollen grain; note the elongated generative cell, ×970.
FIGS. 17-31. Ovary, ovule and female gametophyte in Veronica serpyllifolia. Fig. 17. T.s.
of a very young ovary showingthe placental humps, ×293. Fig. 18. T.s. of an older ovary revealing the initiation of the ovular primordia from the placenta, × 147. Fig. 19. Longitudinal section of an ovary slightly older than the one shown in Fig. 18, × 67. Fig. 20. Ovular primordium
with hypodermal archesporial cell, ×633. Fig. 21. Young ovule with a megaspore mother cell,
×633. Fig. 22. Nuclear division in the megaspore mother cell, ×633. Fig. 23. Dyad cells,
×633. Fig. 24. Hucelar division in the dyad cells, ×633. Fig. 25. A young ovule with a
linear tetrad of megaspores, ×633. Fig. 26. Nucellus containing the three degenerated megaspores and a functional megaspore, ×633. Fig. 27. A young two-nucleate embryo-sac; note,
the degenerated megaspores, × 633. Fig. 28. Nuclear division in the two-nucleate embryo sac
x633. Fig. 29. Ovul~ containing a 4-nucleate embryo sac, ×507. Fig. 30. Ovule containing.
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an organized 8-nucleate embryo sac; note the persistence of the megaspore-remnants, ×507.
Fig. 31. A mature embryo sac, ×633.
FtGs. 32--42. Endosperm and seed in Veronica serpyllifolia. Fig. 32. Two-celled endosperm, ×507. Fig. 33. Three-celled endosperm; note the binucleate chalazal chamber, ×507.
Fig. 34. Illustrates the transverse division of one of the juxtaposed cells of the primary micropylar
chamber, x 507. Fig. 35. Shows the organization of the initials of the endosperm proper, × 507.
Fig. 36. Nuclear division in the micropylar haustorial cells, × 507. Fig. 37. Young endosperm
with organized micropylar and chalazal haustoria, × 507. Fig. 38. Longitudinal section of an
young seed showing the extension of the micropylar and chalazal haustoria toward the conducting
strand, × 293. Fig. 39. L.s. of micropylar part of a seed showing the intracellular extension of
micropylar haustorium, ×317. Fig. 40. T.s. of micropylar part of a seed to show the extent of
development of the micropylar haustorium, ×317. Fig. 41. T.s. of an old seed, ×44. Fig. 42.
Part marked × in fig. 41 enlarged to show the seed coat, endosperm and embryo, ×507.

(Ch, chalazal haustorium ; Cs, conducting strand ; Emb, embryo ; End, endosperm; I,
integumentary cells serving as seed coat; It, integumentary tapetal cells; Mh, micropylar haustotrium.)
FtGs. 43-61. Stages in the development of embryo in Veronica serpyllifolia.
Figs. 43-60, × 633;
Fig. 61, × 228.

(co, root-cap; cot, cotyledons; de, dermatogen;ico, initials of the rootcap; iec, initials
of the root cortex; pco, cotyledonary part; pc, periblem; pl, plerome; pvt, stem tip portion.
for other abbreviations see text.)

