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(Plates V.-XIX.)

The present paper deals with the description of the germination and early
stage of the growth and development of the rhizomes of some plants, mostly
from North America. The greater part of the material upon which it is based
was collected in the immediate vicinity of Washington. The foreign materials,
as well as some of the rarer North American species, were obtained from
the U.S. Botanical Garden, where they had been cultivated by Mr. G. W.
Oliver, to whom the author is under especial obligations. The author is also
b greatly indebted to Prof. F. H. Knowlton, who has kindly looked over the

manuscript and suggested several alterations in regard to the language, and
recommended the use of some botanical terms.

RANUNCULACEZ.

Anemone thalictroides.

This plant was first described by Linné, and referred to
the genus Anemone, and later has been transferred from one
genus to another by various authors. Michaux placed it
under 7/%alictrum, and Asa Gray, accepting the suggestion of
Michaux in regard to its systematic position, called it 7/%alic-
trum anemonoides, although with the additional subgeneric
name of Syndesmon of Hoffmansegg.

The plant was then again placed under Anemone by Ben-
tham and Hooker as representing the subgenus “ Syndesmon,”
considered as identical with .dnemonella of Spach. In the
6th edition of Gray’s Manual, revised by Watson and
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Coulter, we find it as a true genus Awnemonella, separate from
Anemone and 1 halictrum.

 The plant seems to show characters intermediate between
those of Aunemone and 7ialictrum, having the flower and in-
volucre of an Awnemone and the foliage of a 7Zalictrum. 1t
has umbellate peduncles like those of Awnemone narcissifiora
and others, while the ribbed achenia ally it to 7/%al-
ictrum ; but it does not seem, however, as though this diver-
gence of characters were sufficient to entitle it to rank as a
separate genus.

And when the genus Awnemonella, in the synopsis of the
genera in the revised edition of Gray's Manual, is char-
acterized as having a larger number of achenia than
Thalictrum, that is, * four to fifteen in Anemonella,” and few
in Zhalictrum, it does not correspond to what is said in the
generic diagnosis of 7%alictrum, which is also described as
having ‘‘ four to fifteen achenes.”

In regard to the structure of the roots our plant shows a
certain peculiarity, which removes it at once from Anemone
and 7/alictrum. The roots are fusiform and tuberous, cor-
responding to the same kind of nutritive roots so welt known
in Daklia, Ficaria, etc. The plant is perennial and the germ-
ination shows a few points of interest. A germinating plant-
let has been figured on Plate V, Fig. 1, where we see the two
long-petioled cotyledons, the blades of which are ovate and
almost obtuse (Fig. 2). There is no distinct hypocotyl,* but
the primary root, which seems to commence immediately
under the cotyledons, is strongly developed and shows a cer-
tain ability of growth in thickness in this very early state.
The end of the root is sometimes bifurcated and terminates
suddenly in thin branches. The first leaf shows the general
features of the final ones, but has merely a smaller number of
divisions. A somewhat older state is shown in Fig. 3, where
the primary root shows the characteristic tuberous form, while
no secondary roots are yet developed. One of these 1s,
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* <t Hypocotyl ” has been used instead of the older term * caulicle,” in ac-
cordance with Darwin’s usage (The Power of Movement in Plants, 1881, p. 5);
signifying the hypocotyledonous portion of the stem.
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however, to be seen in Fig. 4, and shows the bifurcation
mentioned above. There 1s to be observed a difference
in regard to the roots and the foliage, if we consider the
older, full-grown and flowering specimen, the rhizome and
roots of which are shown in Fig. 5. The primary root is
either no longer present or i1s not to be distinguished
from the equally developed secondary roots. It is most
probable that it has disappeared during the gradual growth
of the plant. Another thing is the presence of a slender,
thin, not at all tuberous root (r*), which proceeds from the
rhizome at the very base of the stem. This part is covered
with several (usually six) scale-like leaves, so that our plant
has two different kinds of roots as well as of leaves. The
roots are tuberous or slender and the leaves underground
and scale-like or above ground and ternately compound.

L ralictrum diotcumn:.

Two germinating plantlets have been figured in Plate V,
Figs. 6 and 7, and show the presence of a distinct primary
root (R), which already forms several lateral branches in this
very early stage. The hypocotyl is frequently very short,
and there 1s a wreath of rather long root-hairs at the base,
where it passes into the root. The cotyledons, which are
above ground, are long-petioled, with the blade varying
from ovate and acute to broadly ovate and obtuse. The first
leaf after the cotyledons has mostly the same form as the
leaves that develop later. It is decompound, with the divi-
sions cordate, obcordate or roundish. The primary root is
not of long persistence, and is replaced by several sec-
ondary ones, developed from the base of the stem, which can
be seen on an older plant (Fig. §).

We have there a vertical stem, bearing several leaves,
of which the lowest are from the previous year and
faded. The internodes are very distinct, and at the two
earliest, buds have developed, so that the complete rhi-
zome is indicated as being vertical with ascending shoots.
We see this final form of the rhizome in Fig. 9, drawn from a
flowering specimen, which shows the relatively short under-
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ground axis, upon which a large bud has been developed at
the side of the base of the stem. This bud, so much larger
than the other ones, of which four are visible in the figure,
situated a little higher up on the stem, alternating like the
leaves, in the axils of which they have been developed—this
bud will produce in the following year a series of leaves and
a flowering stem. The smaller buds will merely produce
leafy shoots, of which one has been shown in the same figure,
but it is to be supposed that they might be of a certain 1m-
portance to the plant, if, for instance, the large bud should be
injured, they might then replace it and get a further develop-
ment, producing not only leaves but also flowering stems.
The first leaves which are now developed upon these short,
lateral shoots are merely scale-like.

Ranunculus abortivus.

Germinating plantlets of this species were exceedingly
common during the month of April in shaded places in the
woods, along the shore of the Potomac, in the vicinity of Wash-
ington. They occurred abundantly, together with older
plants, and were easily distinguished from other species by
the characteristic shape of their leaves. Fig. 10in Plate V
shows a germinating plantlet, in which the cotyledons are
elliptical, obtuse, shortly petioled and united at their bases,
forming a sheath around the plumule. There is a distinct,
straight hypocotyl (C), and the primary root (R) is long, but
rather thin and not branched. The same is observed in re-
gard to the secondary roots, which seem to have been devel-
oped contemporarily, one at each side of the primary root.
Only one leaf is developed at this stage, and its form accords
entirely with that of the later ones, being reniform or some-
times almost cordate.

Another germinating plantlet, a little older, has been
figured in Plate V, Fig. 11, merely differing from the last-
mentioned in having an additional secondary root (r?), which
has come out behind the primary one. Otherwise there is no
difference, but as soon as the second leaf appears a great
change will be observed in regard to the growth of this very
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young plant. The hypocotyl now begins to be bent towards
the ground, and another root-system will be developed. We
see then in Fig. 12 that the hypocotyl is no longer straight,
and that it shows the beginning of a young root (r?) at the
base of the cotyledons, while the other roots still persist and
even increase slightly in length. The first leaf has assumed
its final shape and size, and another one (L.2) has commenced
to unfold. If we follow the further development of the seed-
ling we shall see, in Fig. 13, that there are now two distinct
and different systems of roots, the first consisting of the pri-
mary and earliest developed secondary roots (r'-r2), the
second consisting of two roots (r®-r#), the situation of which
is below the cotyledons, or rather at the apex of the hypo-
cotyl. The cotyledons are still green and attached to the
stem, and four leaves have been developed. The primary
root-system 1s now beginning to fade away, and is replaced
by the second one, as may be observed in Fig. 14. Here the
primary root has begun to die, the second ones next in the
course of development have already faded, while the new set
of roots is in rapid growth from the base of the young plant
(r'—r3), being more or less thick, and some of them having
several lateral branches. Three leaves (L'-1.2) have finished
their growth and a fourth one (L.*) has appeared. As soon
as the plant has dropped the hypocotyl with the first system
of roots it shows its final manner of growth, 7. ¢., several
leaves crowded at the base of the flowering stem, and the
roots fibrous.

This species should, according to A. Gray,® be biennial,
but it is certainly perennial. For, if we consider the
Fig. 15 on Plate VI, we shall see the rhizome and the base of
an older plant, which is at least three years old. The plant
does not flower during the first year, but forms only a number
of leaves, while the following year the inflorescence appears.
We see in Fig. 15 the persisting bases of the inflorescence
(F') of a previous year (188g) and of some faded leaves, the
plant then having attained an age of at least two years ; be-
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* Asa Gray : Manual of Botany of the Northern United States, 6th Edition,
revised by Watson and Coulter, 18go.
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sides this we see the base of another flowering stem (F),
which has been developed this year (1890), and finally a
young shoot (5), which undoubtedly will produce a third in-
florescence next year. This young shoot (S in the Fig.) cor-
responds to the young plant (Fig. 14), which is preparing to
flower the following year, but with the difference that the last
one (Fig. 14) contains the whole main axis, while the other
one (S in Fig. 15) has been formed from a bud in the axil of
one of the basal leaves of the older plant, and is then merely
a lateral shoot on the main axis, now only represented by .
the very short rhizome.

Ranunculus recurvatus.

It was to be supposed that the germination of this species
would be the same as described for the preceding one, X.
abortivus, and it proves to be the case. There are, however,
a few characters in which they differ, and these are easily dis-
covered if we compare the drawing of A. recurvatus (Plate
VI, Fig. 16) with that of R. abortivus (Fig. 12). The number
of secondary roots from the base of the hypocotyl is larger in
R. abortivus than in R. recurvatus, the cotyledons have rather
longer petioles in R. recurvatus, and finally the young leaves
are hirsute in R. recurvatus, whereas they are almost glabrous,
or at least the blade is so, in R. abortivus. The margin of
the leaves when young is crenate in &. abortivus, but in the
other species it is serrate or sometimes even three to five-
lobed. The full-grown plant of &. recurvatus shows, how-
ever, the same structure as do those of R. abortivus in regard
to the short rhizome and the profuse development of fibrous
secondary roots, while the primary root fades early, as does
the hypocotyl.

Delphinium nudicaule.

The very peculiar germination of this plant has already
been mentioned by several authors, and Bernhardi* has
figured a similar case from a specimen of . fissum W. K.

—
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* Bernhardi : Ueber die merkwirdigsten Verschiedenheiten des entwick.
PHlanzen-embryo. Linnaea, Vol. 7, 1832.
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The principal difference from the usual manner of germinat-
ing consists in the presence of a cotyledonar sheath, formed
by the petioles of the cotyledons, which are connate,
forming a long tube, at the base of which 1s a small
slit for the penetration of the plumule (Plate VI, Fig. 18 Sl).
The cotyledons are long-petioled, with the blade ovate,
slightly acute at the apex, and the two blades show also a
tendency to grow together at their very base, leaving only a
minute opening in the middle, representing the superior end
of the tube. In one case (Fig. 17) there were developed
three cotyledons, of which the blades were all equal in size
and each of which showed the same nervation, so that it was
certain that no division had taken place.

As to the primary root, this is relatively very large in the
youngest state of the plant and shows early several lateral
branches, which are densely covered with long root-hairs.
IF1ig. 17 shows the first leaf coming out through the slit at the
base of the tube. The cotyledons are persistent for a long
time and do not fade away until four or even five leaves have
been developed. The primary root is persistent as long as
the plant lives, and increases gradually in thickness and ram-

tfication.

SARRACENIACE A.
Sarracenia purpurea.

Two germinating plantlets of this species were figured
many years ago by Schnizlein,™ and the figures show very
exactly the part above ground : that is, the hypocotyl, the
cotyledons and the first leaves, Further, in regard to the
germination, Gray has described the cotyledons as being
““ short,” which is, however, not correct according to the fol-
lowing observations, which have been made on numerous
seedlings cultivated in the U. S. Botanical Garden.

A very early stage of the germination has been figured

on Plate VII, Fig. 23, where we see the rather long, linear
cotyledons, carrying the testa of the seed at their summit, the
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* A. Schnizlein: Iconographia fam. nat. regni veget. 1843-46, Plate 183,
Figs. 19 and 20. Asa Gray: Genera Flor. Boreali—Orientalis illustrata,

vol. I, 1848, p. 108.
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plumule, showing the first leaf (L.'), coming out at the
very base of the cotyledons, and borne on a distinct, straight
hypocotyl (C), at the base of which is a wreath of long root-
hairs ; we see further the primary root, which is relatively
short and unbranched. The whole germinating plantlet,
except the root and the lowest part of the hypocotyl with
the wreath of root-hairs, is now above ground, the testa of the
seed is soon dropped and the cotyledons now spread out,
being perfectly flat, green and entirely different from the later,
the pitcher-shaped leaves. Fig. 25 shows a somewhat later
state, where the first leaf has attained its full size and final
shape, not differing essentially from the typical leaf of
this species. It is an interesting fact that there are no
transition-forms between this, the first leaf (Fig. 27), and the
later ones. The hypocotyl is straight for some time, and the
primary root grows slowly in length and does not show any
ramification until later. The leaves now begin to develop,
forming a dense rosette near the surface of the ground ;
the cotyledons fade away, and, while the primary root
has attained its final length, the secondary roots begin to
grow at the upper part of the hypocotyl, just below the cotyl-
edons. DBut before this stage, figured in Fig. 26, the plant
has undergone some changes : the plumule, hitherto kept a
little above the surface of the ground, has now gradually been
moved downwards by the bending of the hypocotyl, a conse-
quence of the zigzag direction of the primary root, which
very soon disappears. By this mechanical movement the
whole plant attains its final position in the soft mass of

Sphagnum and is able to continue its growth and produce
leaves and flowers.

PAPAVERACEZA.

Sanguinaria Canadensis.

Germinating plantlets of this species were collected at the
end of April in shaded places in the woods on the shore of the
Potomac, where the plant occurs in great abundance. The
seed germinates deep under ground, and the cotyledons never
appear above the soil. They (Plate VII, Fig. 29) are oblong,
obtuse, red and fleshy, and contain deep red juice like the

-
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whole plant. The hypocotyl is relatively strongly devel-
oped, swells very soon after the appearance of the first leaf,
and represents the first stage of the rhizome that is developed
later. The primary root is slender, rather long, and shows
several ramifications. It is the only root during the first stage
of the germination, but very often after the appearance of the
first leat one or two secondary roots break out from the base of
the hypocotyl. Figs. 28 and 30 show two germinating plant-
lets, and we see in these the somewhat swollen hypocotyl
(C), the short-petioled, slightly curved cotyledons (Cot.), the
slender primary root (R), and the development of one or even
two secondary roots (r! and r?). ‘The first normal leaf is
long-petioled, like those of the full-grown plant, but the blade
1s entire, not palmately lobed, as is the case in the later ones.
The form of the young leaves is nearly kidney-shaped, the
margin more or less crenate and the nervation palmate ; they
may, however, also show an almost heart-shaped form, but
they are always palmately nerved. The first leaf next the
cotyledons shows the principal character of the final leaf, and
(as appears in Fig. 30) the next one shows the same. One
or two leaves are then developed in the first year, and during
the following winter the hypocotyl increases in thickness and
forms a roundish tuber. It is interesting to follow the further
development of the young plant, and we see early the next
spring that a series of scale-like leaves precede the normal
ones. Fig. 34 shows such a young plant, one year old, where
1’14 indicate four scale-like leaves, which are alternately
biseriate. They are very thin, almost membranaceous, cari-
nate and uncolored. The hfth leaf, L%, is broadly heart-
shaped, with the margin crenate. Inregard to the hypocotyl,
this has, as mentioned above, become still more swollen than
in the first year, and, while the primary root still persists,
some secondary roots have developed, of which r' and
r2 surpass it in length and thickness. These secondary roots
are developed at different heights from the hypocotyl, above
each other, and it was observed that they mostly break
out on the same side, in which manner the hitherto vertical
young rhizome is gradually forced into a horizontal direc-
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tion, as in the mature plant. It is, however, to be ob-
served that the number of scale-like leaves is far from con-
stant ; there may be developed merely two or three, as shown
in Fig. 33. The same course in regard to the development of
scale-like leaves succeeded by normal ones is to be noted in
the full-grown plant, as shown in Fig. 35, where six scale-like
leaves precede the two normal ones and the flower. The
shape of the full-grown leaf is palmately lobed, but it shows a
great variation in regard to the number of lobes (three or
nine) and also in regard to the depth of the sinuses. DBut it
is a constant character, that, not only the normal leaves of the
young specimens, but alsb the first or second ones, belonging
to the lateral branches of the main subterranean stem, the
large rhizome, are similar in shape, always heart or kidney-
shaped, without lobation. I did not observe in any case that
the normal leaves on the lateral branches were not preceded
by scale-like ones, and Fig. 36, which represents a lateral
shoot, shows the presence of seven scale-like leaves, after
which come two normal ones, .1 and L2. The full-grown
rhizome (Fig. 35) is rather long, cylindrical, and dies off
ogradually at its posterior end. Most of the roots are strong,
sparingly branched above, and very long, especially those
proceeding from the inferior part of the rhizome. In regard
to the whole growth of the rhizome, this has been shown to
be sympodial by Mr. Foerste in his interesting paper,
“Notes on Sanguinaria Canadensis,”* where he has also

mentioned the singular case of the occurrence of a two-
flowered scape.

VIOLACE &.

Viola palmata, var. cucullata.

The germinating plantlet of this species (Plate VIII, Fig.
37) shows the long-petioled, ovate cotyledons, the distinct
hypocotyl (C), the unbranched primary root (R) and the two
secondary ones (r'), which have been developed at the same
time. There is a great difference between this early state and
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* Bulletin of the Torrey Bot. Club, Vol. X1V, No. 4, 1887.
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the final development of the plant, even if it is quite easy to
trace the later transformations of some of the organs.

A few weeks after this first state, and while the cotyle-
dons still persist, the hypocotyl commences to increase in
thickness, as shown in Fig. 41, and the roots to form branches ;
the first leaf (L') has come out, is cordate and crenate, which
is characteristic of this variety. By continuation of growth
the hypocotyl has now been transformed to an obconical body
(Cin Fig. 40), which is crowned by the swollen bases of the
two leaves (L' and L2), while the root-system has under-
gone no change in regard to the further development of
secondary roots. The cotyledons have dropped, leaving a
semi-lunate scar at the upper part of the hypocotyl, which
1s shown in Fig. 38. Plate VIII.

The structure of the rhizome is now indicated, being
fleshy and almost toothed, the teeth representing the swollen
base of the successively dropping leaves. This may be seen
in Fig. 39, which shows the rhizome of a plant one year old,
where the primary root still persists, although it has partly
faded. The secondary roots (r') are unchanged, and we see
another pair of roots developing a little above them, between
the scars of the cotyledons, and alternating with the older
pair (r!). Five teeth are visible in this figure and show their
origin very distinctly, the base of the petiole. The rhizome
of this specimen was vertical, but it gradually becomes
almost horizontal, creeping under the surface of the ground.
We have then a strongly developed rhizome before us, of
which the leaves are not scale-like, but perfectly normal
and densely covering the rhizome. The persistent bases of
the petioles and stipules contain a large quantity of starch.

LEGUMINOS A&.

Lespedeza violacea.

Fig. 43 on Plate 1X shows a germinating plantlet of this
species, where we see a long primary root, carrying a few
tubercles, especially upon the lateral branches. The cotyle-
dons are short-petioled, obovate and obtuse, and the hypo-
cotyl is straight and very distinct. The first leaf is unifoliolate,






























































































































