[. INTRODUCTION

The following study was begun during the summer of 1898 1n
the laboratory of the Botanical Institute in Minchen upon the
suggestion and under the direction of Professor K. Goebel. Only
a small beginning was made in Minchen on account of a very
brief visit—a few weeks only—to that city. Since then the work
has been carried on in New York City.

In undertaking a comparative study of the embryology of the
Rubiaceae it is expected to gain a knowledge of the life histories of
a number of types sufficient to lead to a clearer understanding of
the relationships between the genera of a very highly specialized
and polymorphous family. It is intended at the same time to ex-
tend the studies into the supposedly allied families, and thus to
contribute, if possible, to the solution of the more general prob-
lems of relationship among the higher dicotyledons.

In addition to the problems of phylogeny there are those which
arise out of the physiological relations existing between the
sporophyte and the gametophyte. Modern morphology has
acquainted us with the main facts in regard to the process of
antithetic alternation of generation in the higher plants, and the
general physiological relations which are the outgrowth of in-
terdependence of sporophyte and gametophyte. Out of this inter-
dependence, however, a large number of phenomena of both a
structural and physiclogical character have arisen, offering a field
of investigation hitherto neglected, to a great extent, but which
latterly has been attracting not a little attention. The phenomena
of adaptation in this connection are not a whit less interesting if
more difficult to observe. In the present study these adaptive
phenomena, so far as the writer has succeeded in observing them,
will be set forth. It may, however, very properly be borne in mind
that these phenomena are chiefly those of nutrition, and the small
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2 T CoMPARATIVE EMBRYOLOGY OF THE RUBIACEAE

size of the materials makes any other than morphological evidence
difficult to obtain. For example, it is argued from appearances
that enzymes or at least zymogens are present in the young endo-
sperm, though that such is actually the case is not proven. Since,
however, such substances have been shown to be present and have
been extracted from, ¢. g., the young date seedling * and since the
action of the sucking organ of that plant on the hard endosperm
is due«to the ability to secrete the zymogens of a cellulose-dissolv-
ing ferment, we have a working basis for such interpretation.

The position here assumed that morphology must be regarded
from a physiological point of view is the one emphasized 1n 1879,
by M. Treub in the introductory part of his “ Notes sur 'embryo-
genie de quelques Orchidées,”t where he expressed the hope that
the readers of his paper would agree “que la maniére dont les
embryons absorbent les substances plastiques meérite certainement
d’'attirer I attention, et sourtout d’étre élucidées lors de recherches
embryogeniques.” That this point of view was not new with him,
ITreub took pains, in a detailed historical treatment, to indicate,
though it remained for him to adduce the mass of evidence, em-
bodied in the rich work above referred to, which completely sub-
stantiates the value of his position. To this historical review the
reader 1s referred for an account of the growth of our knowledge
of the suspensor. The succeeding part of the “ Notes” deals
with the origin, structure and function of the suspcnsor in eleven
genera, including nineteen species of the Orchidaceae, in which
forms the suspensor is shown to build up for the most part elab-
orate structures of a haustorial character which serve to absorb
nutritive substances to be used by the embryo proper in its devel-
opment. These structures, which attain the highest degree of
specialization in Hermunium monorchis, Phalaenopsis grandiflora
and Stanhopea oculata, here take the form of tubes (“ boyaux "
which penetrate into the surrounding tissues of the ovule.

Two years later L. Guignard] ('81) published an account of his
quite thorough studies on the embryology of the [Leguminosae, In
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many species of which the suspensor attains a morphological
character quite as striking as that in the Orcludacecac. 1In the
Viciae especially the suspensor produces a great number of nuclei
sometimes not separated by membranes (Orebus). Here, how-
ever, the endosperm is scanty and the complex suspensor appears
to take its place. Guignard suggests that the principal function
of the suspensor may be to contribute to the nutrition of the em-
bryo, but admits at the same time that in certain cases the char-
acter of that organ indicates that it serves only as a means of at-
tachment for the embryo.

It is of interest in passing to note that Schleiden and Vogel*
("38) saw the complex suspensor in Lupinus rivularis, but inter-
preted it as a development of the pollen tube in accordance with
their then maintained view of the origin of the embryo.

The next work with a distinct physiological bearing dealing
especially with the function of the suspensor was by S. H. Koor-
derst who, in 1892, investigated the embryology of the teak with
especial reference to the behavior of the embryo in the matter of
nutrition. In this plant a most remarkable condition occurs,
which, while entirely analogous to that already found by Treub in
certain orchids, was shown by Koorders to be morphologically dif-
ferent. The latter investigator found that the suspensor in its
proximal, multicellular part is provided at the close of the *“ Ko-
gelstadium "' with *“ zuigblasen '’ or haustoria, which, however, are
here special endosperm cells which attach themselves to the sus-
pensor and elongate into tubular structures. Basing his inferences
on the distribution of food materials in the ovule and embryo,
which he found to be cuticularized till the cotyledonary phase was
reached, Koorders concluded, also, that the embryo received
nourishment through the agency of the suspensor until the ap-
pearance of the cotyledons, after which these organs, especially,
are concerned in the absorption of foods through their peripheral
membranes.

Touching more especially the role of the suspensor there ap-
pears to be no further work. The adoption of a similar pomt of

o Bentrige zur Entwnckelungsgeschxchte der Blutentheile bei Legummosen Ver-
handl. der K. L..-C. D. Akad. d. Nat. 19 : €o. 1839.
+ De Kiemotwickkeling van Zzctona grandis (Djati). Natuurk. Tijdschr. voor

| Ned. Ind. III, 12: 139. 2/ 7-8. 1892.
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view by workers on related matters has been productive of some
important publications which we may now with profit glance at
briefly.

The first paper, important in this connection, was published by
M. Westermaier in 1892, entitled “ Zur Embryologie der Phanero-
gamen insbesondere tber die sogenannten Antipoden.”* He em-
braced in his observations something like thirty four species of
dicotyledons and monocotyledons, and found in the position and
character of the antipodal cells and in the distribution of food-
stuffs in the ovule, evidence that the view advocated by Vesquet
that the antipodal cells are to be regarded as rudimentary, useless,
and of only morphological worth is entirely insufficient to explain
the facts, and that, on the contrary, we have here to do with a
structure which, while in many cases small and apparently insig-
nificant, are really of very considerable importance in the ultimate
nutrition of the embryo. Latterly A. Osterwalder] ('98) by the
study of Acomitum Napellus has established and extended Wes-
termaier’s view which he himself in a short note§ again expressed
as the result of observations on A/s¢rocmeria and other plants.

Mottier’s ('93) observations on Senecio aurcus || and Chamber-
lain’s ('95) on Aster Novaec-Angliae ¥ extended our knowledge of the
antipodals by showing that in these two plants as in some other
Compositae previously studied by others, a greater number of these
cells occur than is usual. This multiplication of antipodal cells
is of physiological significance, a view which is strengthened by
the observations of D. H. Campbell ** ("99) on Sparganium and
Lysiwc/uton, in which these cells are numerous, reaching in the
former the number of 150 at least. The author himself suggests

that this great development probably indicates an important physi-
ological role.
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* Verhandl. der K. L.-C. D. Akad. d. Nat. §6: 1-39. 1892, ( The literature
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T *“ Nouvelles recherches sur le développement du sac embryonnaire des phanéro-
games angiospermes.’”’ Ann. sc, nat, Bot. VI. 8: 294. 1870.
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The work of perhaps the most interest which has recently ap-
peared 1s that of Dr. Gabrielle Balicka-Iwanowska 1 ('99) who has
studied the behavior of the embryo-sac in the Scrophulariaceae, Ges-
neraceae, Pedalinaceae, Plantaginaceae, Campanulaceae, and Dip-
saceae. All these forms possess a more or less thickened single
integument. Micropylar and chalazal haustoria, which are here
for the first time shown to be of endospermic origin, penetrate
more or less deeply into the integument which, under such condi-
tions, i1s said to be devoid of any vascular tissue. Those plants
which possess the thickest integument have the most highly de-
veloped haustoria, and these in turn have nuclei whose size and
appearance show them to be active in nutrition. Their limiting
membranes, moreover, are quickly ¢ gelatinized”™ or become
“mucilaginous.” The haustoria, in some cases, reach the funicle
(Zoremia) and even the placenta (Seoparia). In many species a
special nutritive tissue is found in the chalazal region of the ovule
and the haustorium is for the most part in direct relation with
such tissue. The author does not regard the ‘“ tapetes”’ as merely
protective to the embryo-sac, as Hegelmaier held, but holds that
they probably secrete a ferment and exercise a digestive function.
The antipodal cells, when present, are regarded as having only a
less important mission, aud are at best evanescent.

While Dr. Balicka-Iwanowska's paper was in preparation at
Minchen, Mlle. M. Goldflus* ('99), was engaged in the laboratory
of the University of Geneva, in a similar investigation with espe-
cial reference to the Comipositae. Her conclusion as to the phys-
1ological value of the *epithelium,” the ‘“tapetes’ of Balicka-
Iwanowska, agrees with that of the latter, an opinion favored,
though not fully subscribed to, by Schwere. She furthermore at-
tributes to the antipodal cells considerable importance as agents
in nutritton. These cells attain in some of the species studied a
considerable size (Leucanthemum lacustre, Chrysanthemum Leucan-
themum, Helianthus Maximilian: ) and are interpreted as a haus-
torium (sugoir) inasmuch as they penetrate the axial part of the
ovule, and stand in relation with a mass of conductive tissue which

o — | ——

.

t Contribution a 1'étude du sac embryonnaire chez certain Gamopetales, Flora,
86: 47. 189q9.

* Sur la structure et les fonctions de 1'assise épithéliale et des antipodes chez les
Composées. Jour. de Bot. 12: 374. 18098 ; 13: 9, 47, 87. 18090.
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in turn is in a similar relation with the vascular bundle. Mlle.
Goldflus bases her opinion not alone on the position of the anti-
podals, for she finds in the cyanophily of these cells evidence that
they represent “l'intermediaire entre le sac embryonnaire et les
substances digestibles elaborees par 1'ovule.”

The Rubiaceae in particular have received very little attention.
Schleiden * appears to have been the earliest observer whose obser-
vations may be regarded as pertinent to the present work. He
described the ovule in the Rubiacear as anatropous (gemmula an-
atropa) and as consisting of a naked nucellus (nucleus nudus), 7. €.,
without any integument (p. 304, Z.¢.). As Warming 1 points out,
it 1s easily understood how the single thick integument with the
very delicate micropylar canal would have misled the earlier ob-
servers. These results seem to have remained without modifica-
tion till the appearance of his “ Grundriss,” { in which, however, it
1s further stated (p. 163) that in many Rubiaceae the integument
remains at least as a thin skin which clings to the endosperm, from
which it easily falls off in tatters, as in Coffea.

The work of Hofmeister, § as is well known, covered a very
large field, and of necessity the treatment of any given group was
relatively brief. The results of his work on the Rudiaccac are
quite brief and faulty. It would, however, be very unfair to
criticise him, on account of the difficulties presented by the
materials, especially in view of the methods then used, methods
which, by the way, in the hands of a master like Hofmeister
gave surprising results. According to this pioneer in embryol-
ogy the antipodals are absent from Galium, Asperula and
Crucianella, in which the embryo-sac is attenuated and swollen
at the micropyle end. The embryo-sac is quickly filled with
endosperm after fertilization has taken place. Within the endo-
sperm, the proembryo develops by forming transverse walls.
The cells of a filamentous structure thus formed produce numer-
ous branches made up of short series of cells of which the outer-
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* Einige Blicke auf die Entwickelungsgeschichte des vegetabilischen Organismus
bei den Phanerogamen. Wiegmann's Archiv. 3: 239, 414. 1837.

t De 'ovale.  Ann. sc, nat. Bot. VI. 5 177. 18%8.
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most is rounded and swollen. The cells from the middle of these
branches send out secondary branches here and there, so that the
proembryo as a result of this richness of branching simulates a
bunch of grapes. Out of the lower end of this mass projects the
primary cell row of the proembryo whose terminal cell develops
into the embryo proper. Thus Hofmeister's description of the
suspensor in the genera above named, one in the main correct,
but requiring modification, as will hereafter be seen. He passes
over without criticism and accepts as final the opinion which he
attributes to Schleiden that the endosperm breaks through the
integument.

In Houstonia and Spermacoce the embryo-sac is of less slender
form and somewhat cylindrical, and here, on the other hand, the
antipodal cells are present. The embryo-sac is here also soon
filled with endosperm, although the proembryo remains a very
simple thread of cells from the last of which the embryo proper
arises.

It is unfortunate that no figures of these forms are given so
that it is difficult to estimate exactly the value of the author’s
descriptions.

The only other plant of the Rubiaceae.which has received any
attention is the coffee (Coffea arabica), but such work as has been
done does not touch upon the ground of the present paper except
in a remote way. An account of the literature of this subject may
be found in the footnotes of an article by T. F. Hanausek.”

I desire at this point to express my appreciation of the kindness
of Professor Ignatius Urban in putting the collection of growing
Rubiaceae in the Botanical Garden at Berlin at my disposal, and
my gratitude to Professor K. Goebel for his generosity in extend-
ing to me the courtesy of the laboratory and gardens of the
Botanical Institute in Minchen during six weeks of the summer
of 1898, and in expending much of his own time in discussion and
suggestion when he could ill afford, on account of pressing duties,
to do so.

———— —
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[I. DESCRIPTIVE
Vaillantia hispida

Vaillantia is a small genus of the Galieac containing only two
annual species, indigenous to the Mediterranean region. The plants
are monoecious ; the flowers are borne in threes supported by a
single broadened spiny stalk. Of the three the middle is pistillate,
the two lateral staminate. The three-flowered peduncles are n
four vertical rows alternate with the four rows of leaves. The

regularity and perfect radial symmetry of the species studied render
it easy to section a growing tip so as to cut all the ovules of two
opposite rows longitudinally.

The material was obtained at the Botanical Garden at Berlin.

THE ORIGIN AND DEVELOPMENT OF THE NUCELLUS

At the period of the development of the pistillate flower when
the four corolla lobes have met above the hollowed out receptacles
and overarch the stamens, which are as yet merely rounded knobs
at the angles of the sinuses of the corolla, four elevations lying in
the same vertical plane make their appearance near the base of the
ovary. The outer two of these are ridge like, and by their mode
of growth meet later in the transverse plane, fuse, extend upwards
to form the two styles, and downward to form a partition which
divides the originally unilocular ovary into two chambers. The
two others are papilliform and lie on either side of the center of the
floor of the ovary. These are the nucelli. As they develop, the
partition above referred to passes down between them and separates
them. The lower edge of the partition finally fuses with the tissues
between the funicles of the two ovules, making the ovary bilocular.

We may now turn our attention to the nucellus. For a short
time its growth is direetly upwards. (Pl 1. Fig. 1.) Thereisa
well marked epidermis, and the cells are quite filled with dense
cytoplasm and large nuclei. More rapid cell division upon the
inner side, however, soon causes the apex of the nucellus to be
directed toward the floor of the ovary. When the bending of the
ovule is complete, and its definitive condition reached, the micropylar
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end of the ovule lies in a lower horizontal plane than does the base
of the funicle. The micropyle and embryo-sac lie in a curved line,
and the funicle remains short. The ovule is therefore not of the
strictly anatropous type, but is campylotropous, approaching the
anatropous condition. (Pl. 3. Fig. 1.) During the process of in-
version the longitudinal axis comes, of course, to lie in the hori-
zontal plane, and about this time a number of the h)‘fpodermal
cells under the apex of the nucellus elongate in a direction parallel
with the longitudinal axis of the nucellus. (Pl. 1. Fig. 2.) These
cells, about 12 in number, constitute the archesporial tissue, and
are recognizable at first only by their size. Their subsequent
changes will be described below. The large number of sporog-
enous cells here found to constitute the archesporium recalls the
condition in Rubus caesius, Geum strictum and Sanguisorba offictnalls,
in which, according to A. Fischer* (’80) numerous sporogenous cells
arise. A similarly large number of these cells has also been found
in Casuarina,t in Loranthusy and in Kanunc w/us.§ This character,
which appears in several widely separated families 1s probabl)
therefore not to be regarded as a persistent primitive character in
the Rubiaceae at any rate, but one having a physiological meaning,
as will be shown later. The sporogenous cells now elongate, and
their elongation is accompanied-by periclinal division in the epider-
mis and subadjacent cells of the tissue about the apical part of the
nucellus. (Pl 1. Fig. 3.) Only in the columnar epidermal cells
immediately beneath which lie the sporogenous cells there occurs
no division, periclinal or otherwise. These, therefore, remain as a
cap of cells, about which arises the integument at first as a low
ridge, but gradually growing over the nucellar cap and forward so
as to form a canal which I shall call the micropylar canal, the
outer end of which forms, in the definitive ovule, the micropyle.
The manner in which the integument has its origin recalls
vividly the figures by Warming || ('78) of the nucellus of 7. festum,
one of the Santalaceac. In the body of the paper the author asks
the questlon ‘““ Are these ovules in which the nucellus is not cov-
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*Jenmach. Zeit. f. Nat. 14: 122. 13880.

+ Treub, M., Ann. de Buit. x0: I45. I39L.

t+ Treub, M., Ann. sci. nat. Bot. VI. 13: 274. 1882
% Coulter, Bot. Gaz, 25: 73. 1898,

| De 'ovule. Ann. sc. Nat. Bot. VI. 5: 177. 1878.
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ered by an integument,” and recounts the forms in which, accord-
ing to earlier students, the nucellus is naked. Some reference to ‘
this point has already been made in the introduction. In endeavor-

found that the epidermal cells at the apex of the nucellus, and ]
therefore, those which cap the elongated cells which lie in the
axis of the structure, have contents more granular than the re-
maining epidermal cells, and also that the epidermal cells sur-
rounding these capping cells divide tangentially and *il se dé-
veloppe ainsi une assez forte couche de cellules de provenance
epidermique qu’'on doit considérer comme un tegument.” His l
description with the exception of the reference to the more gran-
ular contents of the middle epidermal cells is exact enough to
apply to the Galieae, and one cannot resist the conclusion that his
~ interpretation of this collar of tissue as a rudimentary integument

1s correct. Guignard, * seven years later, published a fuller ac-
count of the behavior of the nucellus and embryo-sac of 7/wesium
in which, however, he entirely overlooked Warming's work and
suggestion. Guignard here makes no reference to the tangential
divisions seen by Warming, nor does he show any such in his

figures. Indeed he takes the position (p. 189, L. c.) that there is

no integument at all in Lhestum, though it must be said that in
making the statement he is referring to
the young ovule.

The bottom of the micropylar canal is formed of the few epil-

dermal cells capping the archesporium (Pl. 1, Figs. 5,6, 8). The
walls also are formed by an epidermis ‘ : '

its origin in the outer epidermis of the ovule. The endodermis T

~

* Observations sur les Santalacées. Ann. sc. nat._i}ot. VII. ro: 181. 1885,

T This layer has its homologue in the Compositae in the inner cell-layer of the
integument which, according to Hegelmaier ( Ueber die Keimsack einiger Compositen
und dessen Umhiillung. Bot, Zeit. 47 : 803, 821. 1889), comes to surround imme-
diately the embryo-sac after its absorption of the nucellus is complete. For this layer !
Hegelmaier proposed the term endodermis, the types under observation and figured being ]
|
|

the seed, rather than to

i

Helianthus annuus, Bidens leucantha and Zinnia tenuiflora. Schwere (Zur Ent-

wickelungsgeschichte der Frucht von Zaraxacum officinalis Web. Ein Beitrag zur

Embryologie der Compositen. Flora 82 : 32. 1896), however, working on Zaraxacum

-sac as having its origin in the outer
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thus formed does not, however, have the specialized character
which has been found to be so common in the Gamopetalae. 1t is
not cutinized, and, as will be seen, breaks down very readily under
the action of the developing embryo-sac.

Meanwhile the archesporial cells are undergoing considerable
changes which will now be described.

At the time of rapid elongation of the nucellus, the arche-
sporial cells, too, increase in length. This is accompanied by a
good deal of change in the appearance of their cytoplasm and
nuclei. The cytoplasm which at first and for some time is granu-
lar, becomes more and more fibrous in appearance. The fibers run
approximately lengthwise. The granular character is still visible,
but the stringiness becomes more marked as the cells themselves
elongate (Pl. 1, Figs. 3-8). When they reach their maximum
length they are spindle-shaped and appear to run under and above
each other in a most perplexing fashion. Their separating mem-
branes become less and less distinct, until they cannot be made
out, and I believe them to be almost, if not entirely, absorbed.
The nuclei, too, rapidly increase in size, while the chromatin,
granular at first, runs through various changes, unnecessary to
describe here, which are preparatory to mitosis.

It should be pointed out here that the nucellar tissue next to
the archesporial tissue on its inner side is made up of cells which
lengthen much more than those of the rest of the nucellus (Pl 1,
Fig. 5). The innermost of these are, indeed, as a usual thing, as
long as the archesporial cells and appear to partake to a great
degree of their characters. That the nucellar cells next to the
archesporial cells may approach the latter in character has been
noted by Coulter (l.c.) in Ranunculus. They may without doubt
be regarded as underdeveloped sporogenous cells, which in this
case disintegrate, while their substance probably contributes to

the growth of the archesporium.
When the archesporial cells as above mentioned have reached

layer he proposed the term endothelium, a term which is evidently inappropriate.
Schwere's figures as to this detail are very unsatisfactory and unconvincing, while it 1s
quite evident from Hegelmaier's drawings that the layer to which he gave the name
endodermis is in reality what he thought it to be. This layer is, moreover, an mner
layer, so that epithelium, the term adopted by Mlle. Goldfius, seems to me a less appro-
priate term, because more general.


















































































































































































































































































































