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INTRODUCTION

THE absence of a chalazal haustorium during the development of endosperm
in the Scrophulariaceae was demonstrated for the first time by Cr6t6 (1950 a,
1950 b) in his recent investigations on two species of Nemesia, viz., N. melissaeJolia and N. floribunda, belonging to the tribe Antirrhineae of the subfamily
Antirrhinoideae. Although the embryogenesis in these species conforms
to that of Capsella bursa-pastoris, as in all the Scrophulariaceae so far studied
except Melampyrum lineare (Arekal, 1963), the absence of a chalazal haustorium and the presence of a unicellular uninucleate micropylar haustorium
in the endosperm appears to be unique among the Antirrhineae.
The earlier embryological investigations in the tribe Antirrhineae were
inadequate and the conclusions at variance. Chatin (1874) was the first
to study the development of the ovule and seed of Antirrhinum majus and
Linaria minor. Five years later Vesque (1879 a) examined the ovules of
Maurandia semperflorens along with other species of Scrophulariaceae.
Bachmann (1882), who made an extensive survey of the seedcoat structure of
the Scrophulariaceae, included several species of Linaria, 3 species of Nemesia
and 2 species of Maurandia. Balicka-Iwanowska (1899) studied the nutritional mechanism involved during seed development in Linaria cymbalaria,
Schmid (1906) investigated the development of female gametophyte and
endosperm of Linaria vulgaris, L. alpina and Antirrhinum majus and reported
a monosporic 8-nucleate embryo sac, a unicellular binucleate chalazal haustorium, and a micropylar haustorium of four uninucleate cells in all of them.
Linaria vulgaris was also studied by Cook (1924 a). Persidsky (1934) described
a monosporic embryo sac, and a binucleate chalazal endosperm haustorium
in Linaria genistaefolia. He was of the opinion that a micropylar haustorium
was not organized in that species.
In the present investigation the development of the female gametophyte,
endosperm and seedcoat structure of Chaenorrhinum minus were studied in
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detail because of lack of information on the species. The material was
collected near Toronto, Ontario, Canada, and fixed in formalin-acetic-alcohol.
The customary paraffin method was followed during dehydrationand embedding. Sections were cut at 6-14tL and stained in iron-alum-haematoxylin,
using erythrosin in clove oil as a counterstain.
OBSERVATIONS

Ovary and Ovules
The ovary is superior, bicarpellary, syncarpous and bilocular. The
massive axile placenta of the young ovary (Fig. 1) gives rise to a large number
of papillate ovular primordia from its surface (Fig. 2). Each primordium
develops into a tenuinucellate, unitegmic, anatropous ovule (Figs. 3-6).

Megasporogenesis and Female Gametophyte
A hypodermal archesporial cell differentiates in the ovular primordium
before the initiation of the integument (Figs. 3, 7). It elongates considerably
(Fig. 8) and its nucleus undergoes a reduction division giving rise to a linear
tetrad of megaspores (Figs. 9-10). Although it is usual for the three micro,pylar megaspores to degenerate and the chalazal one to function (Fig. 10),
rarely the two megaspores at the chalazal end continue development (Fig. 11).
The functional megaspore elongates and its nucleus divides. The two daughter
nuclei move to opposite poles and a two-nucleate embryo sac is formed
(Fig. 12). As the sac elongates the cells of the nucellar epidermis are crushed and
their remains most often cannot be recognized. The sac is now surrounded
by the inner epidermis of the integument. After two more nuclear divisions
the two-nucleate embryo sac becomes 8-nucleate (Figs. 13-14). The mature
embryo sac (Fig. 15) is long and almost tubular with a pointed micropylar
part. It is enveloped by the densely cytoplasmic cells of the endothelium
except at the e~treme end of the micropylar and chalazal parts. The egg
apparatus consists of two elongated spindle-shaped synergids and an egg.
The antipodal cells are small and begin to degenerate early. The polar nuclei
fuse in the middle region of the sac, and the resulting secondary nucleus moves
towards the micropyle and comes to lie near the egg.

Endosperm
The primary endosperm nucleus moves away from the egg apparatus
toward the middle region of the embryo sac and divides (Figs. 16-17). A
transverse wall follows this division organizing the primary chalazal and the
~ a n a r y micropylar chambers (Fig. I8). The chalazal chamber ftmction~
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FIGS. 1-15

directly as a haustorium and its nucleus invariably divides without being
followed by a wall (Figs. 20, 21, 23). Occasionally, the chalazal haustorium
contains only one nucleus (Figs. 22, 27). During later stages of seed developB5
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ment it extends as a tubular process with a broad densely cytoplasmic chalazal
region. The papillate processes formed in this region establish contact with
the conducting strand of the seed and appear to play an active role in the
transportation of materials from the conducting strand to the endosperm
proper (Fig. 27). As the seed attains maturity the haustorium degenerates
and its remains can be recognized (Fig. 28).
The primary micropylar chamber divides by a vertical wall forming two
juxtaposed cells (Figs. 19-20). Both of these, after a transverse division,
give rise to two tiers of two cells each (Fig. 21). Each of these tiers again
divides transversely to produce four tiers of two cells each (Fig. 22). A
similar division in all tiers reults in eight tiers of cells (Fig. 23). Vertical
and transverse divisions in these tiers ultimately produce the endosperm
tissue, the bulk of which is derived from the middle tiers. No micropylar
haustorium is organized (Figs. 24--27). As the endosperm tissue increases
in volume the surrounding densely cytoplasmic cells of the endothelium divide
actively, keeping up with the demand for increase of surface, while the cells
immediately around them are crushed and absorbed (Fig. 27). In the older
seed the endosperm cells accumulate intensely staining granular substances,
and the outer tangential walls of the outermost layer acquire lamellated
thickenings (Figs. 28, 30).
The mature seed (Figs. 28-29) is albuminous, ovoid, and truncate with
longitudinal crests. The seed coat consists of 4-5 layers of cells, the innermost being the persistent endothelium with empty cells. The radial walls
of the outermost layer of ceils are much thickened. The outer tangential
walls of this layer have a very thick deposition of cutin with prominent warts,
especially between the crests of the seed surface (Figs. 28-30).
DISCUSSION
The mode of embryo sac development in Chaenorrhinum minus is of
the Polygonum type (Maheshwari, 1950), as in all the investigated species
of Antirrhineae. The antipodals are organized as definite cells but degenerate
early as reported for Linaria cymbalaria (Balicka-Iwanowska, 1899) and
L. alpina (Schmid, 1906). On the other hand Schmid (1906) did not locate
them in L. vulgaris, nor did Persidsky (1934) observe them in L. genistaefolia.
The endosperm is ab initio cellular. The first division of the primary
endosperm nucleus is transverse. The primary chalazal chamber functions
directly as a haustorium, as in Linaria cymbalaria (Balicka-Iwanowska,
1899), L. vulgaris (Schmid, 1960; Cook, 1924 a), L. alpina (Schmid, 1906),
L. genistaefolia (Persidsky, 1934), and Antirrhinum majus (Schmid, 1906)
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and very often it becomes binucleate. This differs from Nemesia melissael'olia and N. floribunda (Cr6t6, 1950 a, 1950 b) where the chalazal chamber
never develops into a haustorium but gives rise to four juxtaposed ceils by
two vertical divisions, one at right angles to the other. After transverse and
longitudinal divisions in these cells the endosperm prope r is finally organized.
The chalazal haustorium in the present species elongates, becomes tubular,
and its densely cytoplasmic dilated part makes contact with the conducting
strand of the ovule. This feature has also been noted in Linaria cymbalaria
(Balicka-Iwanowska, 1899) and L. alpina (Schmid, 1906) but the papillate
lobes developed on the dilated region have not been recorded in any of the
Antirrhineae so far investigated. As in Linaria vulgaris (Schmid, 1906;
Cook, 1924 a), L. alpina (Schmid, 1906), L. genistaefolia (Persidsky, 1934)
and Antirrhinum majus (Schmid, 1906), but unlike Linaria cymbalaria
(Balicka-Iwanowska, 1899) the chalazal haustorium never becomes twochambered.
The primary micropylar chamber of the endosperm in Chaenorrhinum
minus divides vertically and forms two juxtaposed cells, as in the other species
of the tribe except Nemesia melissaefolia and N. floribunda (Cr6t6, 1950 a,
1950 b). The ceils, after a transverse division, give rise to two superposed
tiers of two cells each. Each of the two tiers of ceils formed in the present
species again divide transversely, and the resulting tiers, by further transverse
and longitudinal divisions, finally produce the endosperm proper. No
micropylar haustorium is organized. An absence of a micropylar haustorium
has been reported in Linaria genistaefolia by Persidsky (I934). On the other
hand, Schmid (1906) observed the formation of four uninucleate micropylar
haustorial cells, which simulate the endosperm cells proper in appearance and
structure and have not the usual haustorial function, in Linaria vulgaris, L. alpina
and Antirrhinum majus. These cells have been shown to be almost surrounded
by the endothelium as in Linaria genistaefolia (Persidsky, 1934) and Chaenorrhinum minus. However, he (Schmid, 1906) does not appear to have closely
followed the initial development of endosperm or clearly defined the origin
of these cells. Further, Cook (1924 a), who also studied Linaria vulgaris,
does not mention a micropylar haustorium although he recognized and illustrated the differentiation of a large binucleate cell directly from the chalazal
cell of the two-celled endosperm. Therefore, a detailed and careful investigation of these species studied by Schmid (1906) is necessary to determino
whether the four haustorial cells referred to by him actually belong to tho
endosperm proper or are delimited in the usual way when walls are laid down
during the initial stages of endosperm development, as in the other Serophulariaceae. Cr6t6 (1950a, 1950 b)has reported the direct development of the
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primary micropylar chamber to a unicellular uninucleate micropylar haustorium in Nemesia melissaeJolia and N. floribunda. This direct differentiation
is a characteristic feature of the chalazal haustorium in a large number of
Scrol~hulariaceae and he attributed this behaviour to the influence of complex
forces. The occurrence of a secondary micropylar haustorium after the
disorganization of the primary one has been recorded in Linaria cymbalaria
by Balicka-lwanowska (1899). The organization of such a secondary
haustorium has not been observed in any other member of Antirrhineae so
far studied.
The marked variation in the organization of the haustorium, which is
to be observed in the Antirrhineae, is extremely interesting but at the same
time makes evolutionary interpretation difficult. The presence of a uninucleate unicellular chalazal or micropylar haustorium is no doubt a highly
advanced feature, since there are species which connect them to the so-called
primitive multicellular haustorium observed in Verbascum (Hgtkansson, 1926;
Sou6ges, 1935 a; Krishna Iyengar, 1942 b) and Chelone (Arekal, 1962). But
the absence of a chalazal haustorium in Nemesia melissaefolia and N. floribunda
(Cr6t6, 1950 a, 1950 b), and the micropylar haustorium in Linaria genistaefolia
(Persidsky, 1934) and Chaenorrhinum minus, present difficulties. Should
this absence be regarded as the ultimate stage in evolution through progressive simplification and reduction, or has the differentiation of the haustorium
at one end of the endosperm not yet begun even though at the other it has
progressed to a unicellular uninucleate stage ? Only further embryological
work on the uninvestigated species of the tribe will throw light on this problem.
There is no doubt that species belonging to the Antirrhineae are highly advanced and specialised in several respects although Wettstein (1897) considered the tribe as the most primitive among the Antirrhinoideae. According to Fennell (1935), " The Antirrhineae, in the elaborate zygomorphy of
the corolla, attended by pouches or spurs for the nectar, the remarkably
modified capsule-dehiscence, and I think also the alternate or scattered phyllotaxy, show themselves among the most highly evolved of all Scrophulariaeeae
and can not, on a progressive sequence of tribes from primitive to advance
types, possibly be retained in such an initial position".
Banerji (1961) who classified the endosperm types in the Scrophulariaceae
recognized two evolutionary series. He considered that the binucleate
chalazal haustorium evolved from that "with two uninucleate cells. His
classification, however, appears peculiar because he regards the uninucleate
chalazal haustorium as- a separate series, despite a belief that the binucleate
state is evolved from a bicelled one. If one accepts the progressive simplifi-
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cation of the haustoria as the basis for classification it would seem logical
also to believe in the reduction of binucleate haustorium to a uninucleate
condition. My observations on Chaenorrhinum minus clearly reveal this to
be the trend. In this species the chalazal haustorium usually consists of
a binucleate cell but occasionally only one nucleus occurs. The latter
I regard as a derived condition.
The integument in Chaenorrhinum minus is quite massive, as in the other
species of the tribe. The cells of the integumentary tapetum are small and
richly cytoplasmic and completely surround the endosperm except the chalazal
haustorium. Many of the cells around the endothelium breakdown during
the development of the seed, and in the mature seed the coat is made up of
4-5 layers of cells, the outermost of which is covered by a deposition of cutin
with spinescent outgrowths. The endothelial cells finally become empty
and their walls thicken as in some species of Linaria (Bachmann, 1882). Cook
(1924 a) reported the presence of a layer of nucellar cells immediately around
the endosperm in the seed of Linaria vulgaris. It is surprising that he did
not realize that the persiste~ace of a nucellar envelope around the endosperm
of a plant belonging to the Scrophulariaceae would be most remarkable~
and after seeing his Figs. 18, 19 and 22 there seems no doubt he mistook
the endothelium for the nucellar layer.
SUMMARY

The paper reports on an embryological investigation of Chaenorrhinum
minus. The development of the female gametophyte is of l~he Polygonum
type. The antipodal cells degenerate early. The endosperm is ab initio
cellular. The chalazal haustorium is unicellular and binucleate, although
occasionally a uninucleate state occurs. No micropylar haustorium is organized. The persistent, thick-walled endothelial cells contribute to the 4-5layered seed coat. The findings have been evaluated in the light of previous
work on the tribe Antirrhineae.
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EXPLANATION OF TEXT-FIGURES
FIGs. 1-15. Ovary ovule and female gametophyte of Chaenorrninum minus. Fig. 1. Transverse section of a very young ovary showing the placental domes, × 175. Fig. 2. T.s. of an older
ovary showing the ovular primordia, x 175. Figs. 3-6. Show the development of ovule.
Figs. 3-4, ×380; Fig. 5, x320; Fig. 6, x300. Fig. 7. A hypodermal archesporial cell,
x 630. Fig. 8. Part of longitudinal section of young ovule with a megaspore mother cell, × 630.
Fig. 9. Division of megaspore mother cell, x 630. Fig. 10. Linear tetrad of megaspores showing
the three degenerated megaspores, x630. Fig. 11. Linear tetrad of megaspores in which the
two on the chalazal side show signs of further development, ×630. Fig. 12. A 2-nucleate
embryo sac, x630. Fig. 13. A 4-nucleate embryo sac, x 630. Fig. 14. An organized
embryo sac, x 630. Fig. 15. A mature embryo sac, × 630.
FIGs. 16-23. Endosperm development in Chaenorrhinum minus. Fig. 16. Longitudi~a!
section of ovule containing a fertilized embryo sac, × 380. Fig. 17. First division of the primary
endosperm nucleus, ×635. Fig. 18. 2-celled endosperm, ×635. Fig. 19. Nuclear division
in the primary micropylar chamber, ×635. Fig. 20. 3-celled endosperm; note the binucleate
chalazal haustorium, × 635. Fig. 21. 5-ceUedendosperm, x 510. Fig. 22. 9-celled endosperm,
×380. Fig. 23. 15-celled endosperm, x380.
FIos. 24-30. Endosperm and seed of Chaenorrhinum minus. Fig. 24. Part of longitudinal
section of the micropylar region of the young endosperm containing the zygote, × 635. Figs.
25-26. Part of 1.s. of the micropylar region of the endosperm; note the absence of the micropylar
haustorium, x 635. Fig. 27. L.s. of young seed; note the degeneration of cells around the
integumentary tapetum and the papillate lobes of the chalazal haustorinm, x 175. Figs. 28-29.
L.s. and t.s. of mature seed respectively, × 70. Fig. 30. Part marked X in Fig. 28 enlarged
t o show the endosperm and the seed coat, ×380. (Ch, Chalazal haustorium; Cs, Conducting strand
of the seed; Emb, Embryo; End, Endosperm; 1, Integumentary cells functioning as the seed coat;
It, Integumentary tapvtum.)

