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PREFACE.

THE first edition of this treatise was published in the
year 1842, the fifth in 1857. Each edition has been in
good part rewritten,—the present one entirely so,— and the
compass of the work is now extended. More elementary
works than this, such as the author’s First Lessons in
Botany (which contains all that is necessary to the prac-
tical study of systematic Ph@nogamous Botany by means
of Manuals and local Floras), are best adapted to the
needs of the young beginner, and of those who do not
intend to study Botany comprehensively and thoroughly.
The present treatise is intended to serve as a text-book for
the higher and completer instruction. To secure the
requisite fulness of treatment of the whole range of sub-
jects, it has been decided to divide the work into distinct
volumes, each a treatise by itself, which may be indepen-
dently used, while the whole will compose a comprehensive
botanical course. This volume, on the Structural and
Morphological Botany of Phenogamous Plants, properly
comes first. It should thoroughly equip a botanist for the
scientific prosecution of Systematic Botany, and furnish
needful preparation to those who proceed to the study of
Vegetable Physiology and Anatomy, and to the wide and
varied department of Cryptogamic Botany.



iv PREFACE.

The preparation of the volume upon Physiological
Botany (Vegetable Histology and Physiology) is assigned
to the author’s colleague, Professor GOODALE.

The Introduction to Cryptogamous Botany, both structu-
ral and systematic, is assigned to his colleague, Professor
FArLOW. -

A fourth volume, a sketch of the Natural Orders of
Phanogamous Plants, and of their special Morphology,
Classification, Distribution, Products, &c., will be needed
to complete the series: this the present author may
rather hope than expect himself to draw up.

ASA GRAY.

HEeRrBARIUM OF HARVARD UNIVERSITY,
CaMBRIDGE April 10, 1879.

#*.* The numerals in parentheses, which are here and there introduced
into sentences or appended to them, are references to the numbered para-
graphs in which the topic is treated or the term explained.
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STRUCTURAL BOTANY

ON

THE BASIS OF MORPHOLOGY.

INTRODUCTION.

1. Tae two Biological Sciences,! considered as parts of Natural
History, are Zoology and Botany. The latter is the natural
history of the Vegetable Kingdom. It embraces every scientific
inquiry that can be made respecting plants, their nature, their
kinds, the laws which govern them, and the part they play in
the general economy of the world.

2. We cannot distinguish the vegetable from the animal king-
dom by any complete and precise definition. Although ordinary
observation of their usual representatives may discern little that
is common to the two, yet there are many simple forms of life
which hardly rise high enough in the scale of being to rank dis-
tinctively either as plant or animal ; there are undoubted plants
possessing faculties which are generally deemed characteristic of
animals ; and some plants of the highest grade share in these
endowments. But in general there is a marked contrast between
animal and vegetable life, and in the part which animals and
plants respectively play in nature.

3. Plants only are nourished upon mineral matter, upon earth
and air. It is their peculiar office to appropriate mineral mate-
rials and to organize them into a structure in which life is mani-
fested, —into a structure which is therefore called organic. So
the material fitted for such structure, and of which the bodies

1 Biology, the science of life, or rather of living things, in its earlier use
was equivalent to physiology : recently, it has come to denote the natural
history of plants and animals, i. e. of the two organic kingdoms, including
both their physiology and descriptive natural history.

1
v



2 INTRODUCTION.

of plants and animals are composed, is called organic matter.
Animals appropriate and live upon this, but have not the power
of producing it. So the vegetable kingdom stands between the
mineral and the animal ; and its function is to convert materials
of the one into food for the other. Although plants alone are
capable of building up living structure out of mineral mate-
rials, and are the sole producers of the organic matter which
is essential to animal life, and although animals consume that
which plants produce, yet plants also consume organic matter,
more or less, acting in this respect like animals in all their opera-
tions, except in the grand and peculiar one by which they
assimilate mineral matter. Most plants of the higher grades
assimilate largely and consume little, except in special opera-
tions. Some, on the contrary, are mainly consumers, and feed
upon formed organic matter, living in this respect after the
manner of animals. The living substance of plants and animals
is essentially the same.

4. Botany deals with plants: 1. Asindividuals, and in respect
to their structure and functions. 2. In their kinds, and as
respects their classification, nomenclature, &ec. Accordingly,
the most comprehensive division of the science is into PHysIo-
LOGICAL or BroLogicaL Botany (using these terms in their widest
sense) and SystemaTic Borany. But as Physiology and Biology,
in the restricted sense, relate only to functions or actions and
their consequences, the first department naturally divides into
two, viz. Structural Botany and Physiology.

5. StructURAL Borany comprehends all inquiries into the
structure, the parts, and the organic composition of vegetables.
This is termed OrRGANOGRAPHY, when it considers the organs or
obvious parts of which plants are made up, and MorpHOLOGY,
when the study proceeds on the idea of type. The term
ORGANOGENY has been applied to the study of the nascent
organs and their development; PHYyTOTOMY, Or VEGETABLE
ANaTomy, to that of the minute structure of vegetables as re-
vealed by the microscope, ¢. e. to the composition of the organs
themselves. But, since anatomy in the animal kingdom includes
the consideration of general as well as of minute structure, and
indeed answers to organograply, the minute anatomy of both
kingdoms takes the special name of HistoLogy. The study of
functions, or of the living being (animal or plant) in action,
is the province of Puysiorocy.

6. Systemaric Botaxy, or the study of plants in their kinds
and in regard to their relationships, comprises TaxoNomy, or the
principles of classification, as derived from the facts and ideas
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upon which species, genera, &c., rest; CLASSIFICATION or the
SysTEM OF PLANTS, the actual arrangement of known plants in
systematic order according to their relationships ; PERYTOGRAPHY,
the rules and methods of describing plants ; and NOMENCLATURE,
the methods and rules adopted for the formation of botanical
names. GrLossoLoGY or TERMINOLOGY'!is a necessary part of
Phytography or Descriptive Botany, and hardly less so of
Structural Botany: it relates to the application of distinctive
terms or names to the several organs or parts of plants, and to
their numberless modifications of form, &c. This requires a
copious vocabulary of well-defined technical terms, by the use of
which the botanist is able to describe the objects of his study
with a precision and brevity not otherwise attainable. It will
be convenient to exemplify the principal terms along with the
modifications of conformation which they designate; and also,
for greater fulness and facility of reference, to append to this
volume an alphabetical summary of them, or Vocabulary of
Botanical Terms.?

7. The present volume is mainly devoted to Morphological
Botany ; that is, to Structural Botany on the basis of mor-
phology. This department cannot be properly dealt with apart
from considerable reference to intimate structure, development,
and function, the subject-matter of vegetable histology and
physiology. But these will here be treated only in the most
general or incidental and elementary way, and only so far as
is necessary to the understanding of the morphology of the
stem, leaves, &c. The whole discussion of the histology and
physiology of plants is relegated to a following volume and to
another hand.

8. The most comprehensive and important division of the
vegetable kingdom is into plants of the higher and of the lower
series or grade, ¢.e. into PHEN0OGAMOUS (or PHANEROGAMOUS) or
FLoWERING, and Cryprocamous or FLOWERLEss PrLants. The
first are all manifestly of one type, and therefore have a consist-
ent and simple morphology. The second differ among them-
selves almost as widely as they do from the higher series; and

1 GLossoroGY is the better word, but TErMINOLOGY, although a hybrid
of Latin and Greek, is in common use.

2 What is called GEOGRAPHICAL BoTANY is the study of plants in respect
to their natural distribution at the present time over the earth’s surface, and
the causes of it. FossiL Borany (Vegetable Palzontology) relates to the
plants of former ages, as more or less made known in their fossil remains.
MEDICAL BoTANY, AGRICULTURAL BoTANY, and the like, are applications
of Botany to medicine, agriculture, &c.
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their morphology is more special and difficult. Wherefore it is
better to treat them separately and subsequently. This will be
done in a third part, by an associate devoted to Cryptogamic
Botany.

9. Thus the field is here left clear for the Structural Botany
of Phanogamous or Flowering Plants, with which the study of
the 'science should naturally begin. In theory it may seem
proper to commence with the simplest plants and the most ele-
mentary structures ; but that is to put the difficult and recondite
before the plain and obvious. The type or plan of the vegetable
kingdom, upon which morphological botany is grounded, is fully
exemplified only in the higher grade of plants, is manifest to
simple observation, and should be clearly apprehended at the
outset.



CHAPTER 1.

OUTLINES OF THE GENERAL MORPHOLOGY OF
PHZENOGAMOUS PLANTS.

10. MorpHOLOGY, the doctrine of forms, as the nime denotes,
is used in natural history in nearly the same sense as the older
term Comparative Anatomy. If it were concerned merely with
the description and classification of shapes and modifications,
it would amount to little more than glossology and organography.
But it deals with these from a peculiar point of view, and under
the idea of unity of plan or type.?

11. As all vertebrate animals are constructed upon one type
(or ground plan), which culminates or has its archetype in man,
so all plants of the higher grade (8) are strictly of one type;
the different kinds being patterns or repetitions of it, with varia-
tions. The vegetable kingdom, however, does not culminate in
an archetype or highest representative. As respects the organs
of vegetation, the higher classes of cryptogamous plants exhibit
this same type; but it is only in the most general or in a
recondite sense that this can be said of their organs of repro-
duction, and of the less differentiated structure of the lowest
classes. Wherefore cryptogamous plants are left out of the
present view, to be treated apart.

12. Viewed morphologically and as to its component organs,
a plant is seen to consist of an axis or stem, which sends off
roots into the soil, and bears lateral appendages, commonly as
leaves, but which may be very unlike leaves in whole appearance

1 The term Morphology was introduced into science by Geethe, at least as
early as the year 1817 (Zur Naturwissenschaft iiberhaupt, besonders zur
Morphologie, Stuttgart und Tiibingen, 1817-24). On page 9 of the first
volume, he is understood to have suggested this word for the purpose and in
the sense now adopted in botany and zoology. It essentially replaces an
earlier and somewhat misleading word, Metamorphosis. (304.)

Apparently the first botanist to adopt the term was Auguste de St.
Hilaire, in his “Le¢ons de Botanique, comprenant principalement la Mor-
phologie Végétale, etc., Paris, 1841. The term seems not to have been taken
up, in zoology, by Etienne Geoffroy Saint-Hilaire, the antagonist of Cuvier
(who was of a wholly different family from that of the botanist), although
the same idea was denoted by his phrase “ unity of organic composition ”
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and function. These appendages, whatever their form or use,
accord with leaves in mode of origin, position, and arrangement
on the axis or stem. Their most general and ordinary form is
the familiar one of foliage ; hence the name of leaves has been
by botanists extended in a generic way from the green expan-
sions which constitute foliage to other forms under which such
appendages occur. The proper morphological expression is,
that the latter are homologous with leaves, or are the komologues
of leaves.!

13. Leaves are borne upon the stem at definite places, which
are termed Nopes. A node may bear a single leaf or a greater
number. When it bears two, they occupy opposite sides of
the stem. When three, four, or more, they divide the circum-
ference of the stem equally, forming a circle, technically a
WHORL, or in Latin form a VErtICIL. When only two, the pair
evidently answers to the simplest kind of whorl. So that leaves
are either single on the nodes, in which case they are aiter-
nate, that is, come one after another on the stem; or in whorls
(whorled, verticillate), in the commoner case of a single pair
being called opposite. The bare space between two successive
nodes is an INTERNODE. This is longer or shorter, according to
the amount of longitudinal growth, which thus spaces the leaves,
or whorls of leaves, in most various degrees, either widely when
the internodes are elongated, or slightly when they remain very
short. The plant, therefore (roots excepted), is made up of a
series of similar parts, 7. e. of portions of stem, definitely bearing
leaves, each portion developed from the apex of the preceding
one. This constitutes a simple-stemmed plant.

14. Branching is the production of new stems from the older
or parent stem. These normally appear in the AxiLs of leaves,
that is, in the upper angle which the leaf forms with the stem, —
from which they grow much as the primary stem grew from the
seed. The primary stem, connected with the ground, produces
roots which develop downwardly into the soil, from which they
draw sustenance. Branches, when developed above ground,

1 A common designation for all these appendages being desirable, a good
one is furnished by the Greek name for leaf, ¢dArov, PuyLLUM, plural
Puyrea. This, used with prefixes, may be made to designate the kind of
leaves in many cases, —as, prophylla, cataphylla, hypsophylla.

Recent German botanists use the word Phyllome in this sense. It is a
rather convenient and well-sounding word; but phylloma is the exact Greek
equivalent of our word foliage, and therefore not very well chosen as a
common term for leaves which are not foliage as well as those which are.
Nor will this word, like phyllum, readily take prefixes, as above, or the adjec-
tive form, as it readily does in prophyllous, hypsophyllous, gamophyllous, &c.
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being in organic connection with their parent stem, do not
usually produce roots; but when placed in equally favorable
conditions for it, <. e. on or in the soil, they may strike root as
freely as does the original stem.

15. An incipient stem or branch, with its rudimentary leaves,
is a Bup. The normal situation of a bud is in the axil of a leaf
(axtllary), the development giving rise to branches; or else at
the apex of an axis (terminal), where there can be only one, the
development of which continues that axis.!

16. As branches are repetitions and in one sense progeny of
the stem which bears them, so the serial similar parts or leaf-
bearing portions of a simple stem are repeti- >

Y

tions, or in a like sense progeny, each of the 4 //
preceding one from which it grew. The

simple-stemmed plant is made up of a series

of such growths, each from the summit of s

its predecessor; the branched plant, of ad-

ditional series, laterally developed, from ax-

illary buds. These ultimate similar parts into

which a plant may thus be analyzed, and .

which are endowed with or may produce all
the fundamental organs of vegetation, were by
Gaudichaud called Puyronxs. But phyton,
being the common Greek name for plant, was
not a happily chosen appellation for plant-
elements, or homologous plant-units. A better
term for them is PHYTOMERA (qvzov, plant,

Pz
”
|
H KJ
pgpog, part), equivalent to plant-parts, — the
structures which, produced in a series, make
up a plant of the higher grade. In English,
the singular may be shortened to PH{TOMER.
17. This theoretical conception of the organic
composition of the plant is practically impor-
tant to the correct understanding of morpho- ’
logical botany. The diagram, Fig. 1, serves
to represent the organic elements, or phytomera, .

in a simple case, such as that of a growipg
plant of Indian Corn, or other Grass. Here

1 Bifurcation by the division of a terminal bud into two, as in Acrogenous
Cryptogams, is supposed by some to occur, even normally, in some Phano-
gams, especially in certain forms of inflorescence; but this has never been
convincingly made out.

FIG. 1. Diagram of a simplestemmed plant, exhibiting the similar parts, or
phytomera, a to &, of which it is composed.
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the leaves are alternate; in other words, each phytbmer is
single-leaved ; while in the subsequent illustrations of plants
developed from the seed, at least the earliest phytomera are
two-leaved. :

18. The plan thus exhibited in the leafy stem begins in the
embryo, or initial plant in the seed, and is carried on into the
flower, in which the normal development of the axis finally ends.
One plan prevails throughout. To illustrate it, the morphology
and growth of the embryo, of the plant developed for vegetation
and the general purposes of its individual existence, and lastly
of the flower, through which sexual reproduction takes place,
may be successively treated in this order.
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CHAPTER IL

MORPHOLOGY AND DEVELOPMENT OF THE EMBRYO AND
SEEDLING.

19. The Embryo is the initial plant, originated in the seed.!
In some seeds it is so simple and rudimentary as to have no
vigible distinction of parts: in others, these parts may have
assumed forms which disguise their proper character. But every
well-deyeloped embryo essentially consists of a nascent axis, or
stem, bearing at one end a nascent leaf or leaves, or what an-
swers to these, while from the other and naked end a root is
normally to be produced. This stem is the primitive internode
of the plant: its leaf or pair of leaves is that of the first node.
The plant therefore begins as a single phytomer. Some embryos
are no more than this, even when they have completed their
proper germination: others have taken a further development
in the seed itself, and exhibit the rudiments of one or more fol-
lowing phytomera. The embryo of the Maple is an example of
the first kind ; and, being large enough for handling and for the
display of all its parts to the naked eye, and the character of
these parts being manifest even in the seed, it is a good subject
with which to commence this study. And for this the Sugar-
Maple is one of the best of
the Maples. Its embryo
(seen in Fig. 2 in the coiled
condition which it occupies
in the seed, and in Fig. 3
and Fig. 4 uncoiling and be-  * 3 ¢
ginning to grow) is an initial stem, bearing a pair of leaves, and
nothing more. These parts take the technical names of

1 Normally a seed contains a single embryo. Polyembry, the formation of
two or more embryos, occurs occasionally as a kind of superfeetation in
some seeds. In those of the cultivated Orange it is most common, and an
evident monstrosity. In Coniferee and Loranthaces, two or three embryos,
of equal size and perfection, are not rarely produced.

FIG. 2. Embryo of Sugar Maple, in vertical section, a8 coiled in the seed, merely

somewhat loosened. 3. Embryo of same, just beginning to unfold in germination.
4. Same more advanced: a. its stem or cauliclg; bb, its two leaves o~ cotyledons.
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20. Caulicle or Radicle, and Cotyledons. The name of radicle
was early applied to the axis of the embryo below the cotyledons,
on the supposition that it was the actual beginning of the root.
But its structure and mode of growth show it is not root (24,
44, 78), but a body of the exact nature of stem, from the
naked end of which the root is developed. Wherefore Caulicle
(Lat. cauliculus, diminutive of caulis, stem) is
the appropriate name ; and it would be gen-
erally adopted, were it not that the older term
is so incorporated into the language of sys-
tematic botany (in which fixity and uniformity
are of the utmost importance) that it is not
easily displaced. It may be continued in
descriptive botany on this account, but in
morphology it is apt to mislead ; and the name
of caulicle, suggestive of the true nature of
the organ, is preferable.! The more fanciful
name of Cotylédons was very early applied to
what are now recognized as answering to the
leaves of the embryo : it has the negative merit
of suggesting no misleading analogy.?

21. Development of the Dicotyledonous Em-
bryo, ¢. e. the two-leaved embryo. This, in
the Red Maple (Figs. 5-8), usually germinates
in summer, shortly after the fruits of the season
have matured and fallen to the ground. It
differs from that of Sugar Maple in the crump-
ling instead of coiling of the cotyledons in the
seed. Referring the whole physiology of ger-

8 mination to that part of the work which treats

of Vegetable Physiology, the development of

the embryo into the seedling may here be described, taking that of
a Maple for a convenient type or pattern, with which other forms

-

1 Linnseus called it Rostellum, a name which, being etymologically mean-
ingless in this connection, is not misleading. The French botanists named it
Tigelle, diminutive of tige, stem: but some (like Mirbel) applied the term to
the developing axis above the cotyledons; others, to the early axis both
above and below them. The name Radicula originated with Gaertner.

2 The name Cotyledon, which was adopted by Linneus, is a Greek word
for a cup-shaped hollow or cavity, also for a plant with thickish and saucer-
shaped leaves. It was primarily applied to the thickened “lobes” of the
embryo, the foliaceous nature of which was not recognized.

FIG. 5. One of the twin winged fruits of Red Maple (Acer rubrum), with body

divided, to show the seed. 6. Seed extracted and divided, to show the embryo within.
7. Embryo partlv unfolded. 8. Embryo in early stage of germination.
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may afterward be compared. The first growth is seen in the
elongation of the radicle or caulicle, and its assumption, as far as
possible, of a vertical position, and the production of a root from
the naked end. As it emerges from the seed in consequence of
this elongation, the root-end of the caulicle points downward into
the soil, the caulicle bending, if need be, to assume this position ;
and the nascent root, partaking of this disposition, grows in a
downward direction. Hence the root has been called the Descend-
ing Axis of the plant. While this avoids, the opposite or budding
end (as it may be termed) seeks the light, and when free takes
an upward direction. The result of this, and of the elongation
of the caulicle, is to carry the budding end out of the soil and
into the air, where the growing cotyledons unfold or expand and
become the first leaves, or Seed-leaves. This initial stem and its
continuation therefore constitutes the Ascending Axis. If the
budding end happen to lie pointing downward and the root-end
upward in the ground when germination begins, both will curve
quite round, as they grow, to assume their appropriate directions.
If obstacles intervene, each will take as nearly as possible its
wonted direction, through an instinctive tendency and action,
which insures that each part of the plant shall be developed in
its fit medium, — the root in the dark and moist earth, the stem
and leaves in the light and air.

22. The plantlet, thus established, has now all the essential
Organs of Vegetation, as they are called,
7. e. root, stem, and leaves. Its subse-
quent development, so far as vegetation
(apart from proper reproduction) is con-
cerned, consists in the addition of more
of these, until the whole herb, shrub, or
tree is built up.

23. In Maples (as in the Morning Glory,
Fig. 16, and many others) the embryo in
the seed, and until after the full develop-
ment of its cotyledons or seed-leaves,
. shows no rudiments of the subsequent
growth. The embryo grows into the plant-
let wholly by the appropriation of prepared
nourishing matter which was provided by
the mother-plant and stored in the seed, —in the case of the
Maple, wholly in the embryo itself, mainly in its cotyledons.

FIG. 9. Maple embryo developed into plantlet of one phytomer, and producing
rudiments of the second: the lower portion covered with root-hairs is the root; the
naked portion above is the caulicle.
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After this is consumed and in good part converted into struc-
ture, the plantlet must by the action of its root and leaves imbibe
from the soil and air appropriate materials, and
assimilate them into nourishing matter needful
for further growth. Only then does the rudi-
ment of new structure appear, in the form of a
growing point, or bud, at the node or apex of
the primitive stemlet, between the two seed-
leaves. In this case it soon shows itself as
a second pair of leaves, at first resting on
the node (Fig.9), next as somewhat upraised
by the development of the second internode
(Fig. 10, summit), and finally both this inter-
node and the pair of leaves complete their
growth (Fig. 11). Then the terminal bud
which crowns the second node develops in
the same way the third pair of leaves and
their supporting internode or joint of stem
(Fig. 12) ; and so on.

24. The root and the stem grow not only
in opposite directions, but in a different mode.
The primordial stem, pre-existing in the seed
(though at first it may be extremely short)
grows throughout its whole length, but most
in its upper part, so that it may become a
stemlet two or three inches long. But, soon
attaining its full growth as to length, the
stem is carried upwards by the subsequent joints or portions,
similarly developed and elongated, one after the other. Not
that each portion necessarily waits until the growth of its prede-
cessor is complete, — though this occurs at first in seedling Maples
and other embryos unprovided with much store of food, —yet the
development follows this course and order of succession. The
root, on the contrary, cannot be said to pre-exist in the seed, or
at most it may be said to exist potentially in tissue of the caulicle
from which a root or roots normally originate.! It is formed

10

1 Yet from nothing which is special to this part of the embryo, nor to the
embryo at all. The primary root is developed from subjacent tissue of the
tip of the caulicle, just as it is sometimes developed from along the sides,
and as secondary roots are from all or most stems under favoring conditions.
This complete similarity, and the fact of what is called the “ endogenous ”
origin of roots (:.e. their springing from subjacent rather than superficial
tissue) appear fully to warrant the statement in the text above.

FIG. 10. Maple plantlet with second internode developing. 11. Same with second
fnternode and pair of leaves complete. and bud of the third apparent.
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in the process of germination, and originates in tissue just back
of that which covers the root-end of the caulicle, and which,
being carried forward by the subjacent
formation (to which it becomes a sort of
cap or sheath), is called the Root-cap.
As the primary root thus began by a
new and local growth at the extremity
of pre-existing stem, so it goes on to
grow in length wholly or mainly by a
continuation of this formation, the new
at the end of the old. That is, the
root elongates by continual minute
increment of its apex or near it, the
formed parts very soon ceasing to
lengthen. This is in marked distinc-
tion from stem, which grows by suc-
cessive individualized portions; and
these portions (internodes), at first
very short, attain or are capable of
attaining a considerable and sometimes
very great, but definitely terminable
length, by interstitial growth through-
out. Moreover, roots are naked, not
producing as they grow either leaves
or any organs homologous with leaves.
They commonly branch or divide, but
in a vague manner; and their new parts bear what are called
Root-hagirs, which greatly increase the absorbing surface ; other-
wise they are destitute of appendages or organs.

25. With the Maple embryo, here taken as a type, that of
Morning Glory, Ipomeea purpurea, or any of its kin, may next
be compared. The cotyledons are different in shape, being as
broad as long, and notched both at base and apex. They lie
in contact in Fig. 14, and are very thin, leaf-like, and green
while contained in the seed. Their thinness is shown in Fig. 13,
where a section of the crumpled and folded embryo, as it lies in
the seed, exactly divides them (passing through the terminal and
basal notches) and also the caulicle, which here is thicker than
both. The germination is similar to that of the Maple ; and like
that (as Fig. 16 shows), and for the same reason, no bud or
rudiment of the further growth pre-exists in the embryo or

12

FIG. 12. Red Maple seedling, with three joints of stem and pairs of leaves developed,
the first being the cotyledons.
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appears in the young plantlet, until that has established itself
and had time to elaborate proper material therefor. This con-
dition is correlated with thin foliaceous
cotyledons, holding no store of nourish-
ment. Here they do not contain sufficient
material for the development of the initial
stem and root. The maternal provision
for this is here stored up in the seed
around but not within the embryo. This
nourishing deposit, seen in the section
(Fig. 13) filling the whole space between
the seed-coats and the thin embryo, was
named by the early botanists and vege-
table anatomists the ALBUMEN of the seed.!
This substance, softened in germination
and by chemical changes rendered soluble,
is gradually absorbed by the cotyledons
as material for their growth and that of
the developing primary stem and root.

26. Seeds in this regard are accordingly
distinguished into albuminous and exal-
buminous, those supplied with and those
destitute of albumen. The difference
inheres neither in the character nor in
the amount of the maternal provision for the development of
the embryo-plant, but merely in the storage. In exalbuminous
seeds the nourishment supplied for this purpose is taken into
the embryo itself, mostly into the cotyledons, during the growth
and before the maturity of the seed. In albuminous seeds
this same material is deposited around or at least external to
the embryo.

27. The amount of this deposit is, in the main, inversely pro-

1 Grew appears to have first applied this name, and Gaertner to have
introduced it into systematic botany, where it remains in use, although
Jussieu replaced it by the term Perisperm, and Richard by Endosperm,
neither of them much better etymologically than the old word Albumen.
But it must be kept in mind that it was intended to liken the “albumen ” of
the seed with the albumen or white of an egg as a body or mass, and not as
a chemical substance; the embryo being fancifully conceived to be analo-
gous to the yolk of the egg, the surrounding substance of this kind not
unnaturally took the name of the white, viz. albumen.

FIG. 13. Section of seed of common Morning Glory, Ipomcea purpurea, dividing
the contained embryo through the centre. 14. Embryo of same, detached and straight-
ened. 15. Embryo in germination; the cotyledons only partly detached from the coat
of the seed. 16. Same, later and more developed, the cotyledons unfolded and out-
spread as the first pair of leaves,
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portional to the size and strength of the embryo, or the degree
of its development in the seed. A comparison of the various
illustrations sufficiently shows this. Figures 17 to 24 exhibit,
in a few common
seeds, somewhat of
this relation, and
also of the position
and shape assumed
in some instances.
The upper rank of

figures represents
sections of seeds ;
the embryo left in

white ; the albumen Q
as a dotted surface. "
The lower rank shows the embryos detached. That of Mirabilis
has very broad and thin cotyledons, a caulicle of equal length,
and the whole curved round the albumen which thus occupies
the centre of the seed. That of Potato is coiled in the midst
of the albumen, is slender; the cotyledons narrowed down to
semi-cylindrical bodies, not leaf-like in appearance, and the two
together not thicker than the caulicle. In Barberry the embryo
is straight, in the axis of the albumen, which it almost equals in
length ; the cotyledons considerably broader than the caulicle,
but short and thickish. That of the Peony is similar, but very
much smaller, occupying a small space at one end of the albu-
men, and seemingly without distinction of parts, but under the
microscope and with some manipulation the broader end is
found to be divided, that is, to consist of two minute cotyledons.
The embryo of a Crowfoot is similar, but still more minute and
the parts hardly to be distinguished ; and in some minute em-
bryos there is no apparent distinction of parts until they develop
in germination.

28. The study of the formation of the embryo in the seed
teaches that all embryos begin with a still more simple, minute,
and homogencous structure; and these comparisons suffice to
show that all such differences are referable to different degrees
and somewhat different modes of the development of the embryo
while yet in the seed. It also appears that the size and shape

2 P
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FIG. 17. Section of seed and contained embryo of Mirabilis (Four-o-clock).
18. Embryo detached entire.

FIG. 19. Section of a Potato-seed. 20. Embryo detached entire.

FIG. 21. Section of Barberry-seed. 22. Embryo detached entire.

FIG. 23. Section of Peony-seed. 24. Embryo detached entire.
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of an organ do not indicate its nature, either in the embryo or
in subsequent growth. But in all the cases yet mentioned the
cotyledons actually demonstrate their
nature by developing in germination
in a foliaceous manner and becoming
the first leaves of the seedling. Nor
is this nature much disguised by the
fact that they differ greatly in form in
different species, and that the seed-
leaves, or developed cotyledons, differ
much in shape and often in texture
> from the succeeding leaves. (See Fig.
11, 12, 25, &c.)

29. To complete the comparison
between the seedling Morning Glory
and that of the Maple, it is to be
noted that here, while the cotyledons
or seed-leaves are two, the following
internode bears only one leaf (Fig. 25), as also will the just de-
veloping third internode ; and this continues throughout up to
the blossom : that is, the leaves subsequent
to the cotyledons are not opposite as in the
Maple, but alternate. (13.)

30. All the preceding illustrations are from
embryos which previous to germination have
developed nothing beyond the cotyledons. In
the following, a rudiment of further growth,

or a primary terminal bud, is visible in the seed. It is most
manifest in large and strong embryos with thick or fleshy cotyle-

FIG. 25. Further development of Morning Glory, Fig. 16, the root cut away, the
internode above the cotyledons and its leaf completed, the next internode and its leaf
appearing.

FIG. 26. Embryo (kernel) of the Almond. 27. Same, with one cotyledon removed,
to show the plumule, a.

FIG. 28. Section of an Apple-seed, magnified, cutting through the thickness of the
cotyledons. 29. Embryo of the same, extracted entire, the cotyledons a little separated.

FIG. 3). Germination of the Cherry, showing the thick cotyledons little altered,
and the plumule developing the earliest real foliage.
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dons, ¢. e. cotyledons well charged with nourishing matter. The
early vegetable physiologists gave to it the name of PLUMULE
(Lat. plumula, a little plume). The
name was suggested by its appearance
in such an embryo as that of the bean
(Phaseolus), in which it evidently con-
sists of a rudimentary pair of leaves,
while in the pea and the acorn it is a
rudimentary stem, the leaves of which
appear only later, when germination
has considerably advanced. In any
case, the plumule is the bud of the
ascending axis already discernible in
the seed. Fig. 27, a, shows it in the
almond, one cotyledon being removed.
Fig. 28 shows it in the section of a
similar although much smaller embryo,
that of an apple-seed, enlarged to
nearly the size of the other. It is
equally visible in the cherry, the bean,
and the beechnut. The embryo in all
these cases constitutes the whole kernel
of the seed. For the nourishment,
which in all the foregoing illustrations
except the first (¢.e. in Fig. 13,17-23),
is deposited around or exterior to the
embryo, is in these stored within it.
31. The development of these em-
bryos in germination proceeds in the
normal manner, but with two cor-
related peculiarities. First, by the
lengthening of the radicle more or less, their thick cotyledons
are usually raised to or above the surface of the soil; they
expand, assume the green color needful to foliage; but they
imperfectly or in a small degree perform the function of
green leaves. Their main office is to supply the other growing
parts with the prepared nourishment which they abundantly
contain. Then, being thus copiously nourished, the root below
and the ready-formed plumule above grow rapidly and strongly,
having accumulated capital to draw upon; and the leaves of the

FIG. 31. Beechnut cut across, filled by the flcshy embryo; the thick cotyledons
partly enfolding each other. 32. Embryo of the same in early germination 33. f8ame
more advanced; the plumule, which is just emerging in the preceding, here developed
into a long internode and a pair of leaves.

2
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latter are practically the earliest efficient foliage of the plantlet.
Thus, as in the germinating Cherry-seed (Fig. 30), three or four
internodes of stem, with their leaves, may be produced before
these leaves themselves are sufficiently developed to make any
sensible contribution to this growth. And in the Beech and Bean,

the leaves of the plumule come forward almost before the root
has attached the plantlet to the soil. (Fig. 32, 35.) Between
such cases and that of Maple and the like there are all degrees.
There are also familiar cases in which the storage of nourishment
in the cotyledons is carried to a maximum, with results which
gravely affect the development.

FIG. 34. The embryo (the whole kernel) of the Bean. 35. Same early in germi-
nation; the thick cotyledons expanding and showing the plumule. 36. Same, more
advanced in germination; the plumule developed into an internode of stem bearing a
pair of leaves.

FIG. 37. Embryo of Pea, i. ¢. a pea minus the seed-coat. 38. Advanced germi-
natior of the same.
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32. Thus, in the Pea, near relative of the Bean, the embryo
(Fig. 37), which is the whole kernel of the seed, has the
cotyledons so gorged with this nutritive
store that they are hemispherical; and
the acorn of the Oak (Fig. 39), near
relative of the Beech, is in similar case.
These cxtremely obese cotyledons have
not only lost all likeness to leaves, but all
power of fulfilling the office of foliage,
which is apparently no disadvantage ; for
when two different duties are performed
by the same organ, it rarely performs both
equally well. Here they become mere
receptacles of prepared food, the nature
and office of which is the same as of the
albumen, or nutritive deposit exterior to
the embryo in what are called albuminous
seeds. (25-27.) The difference is in the |
place rather than in the character of the
deposit. The plumule in such cases is
always apparent before germination; and
it develops even with more vigor than in
the preceding cases. It usually rises as a
stout stem of several internodes lengthen-
ing almost simultaneously, or at least the
upper strongly developing long before the
lower have finished their growth; and
the latter are practically leafless, bearing
only small and scale-like and useless ru-
diments of leaves. This is correlated with
the peculiarity that the caulicle does not
lengthen in germination, or it lengthens
very slightly ; the cotyledons remain within
the coats of the seed; and if this were
buried beneath the surface of the ground, there it remains. The
abortion of the earliest leaves of the plumule is in correlation
with this Aypogeous (7. e. underground) situation of the cotyle-
dons throughout the germination. The slight elongation of the
caulicle serves merely to protrude its root-end from the coats of
the seed in a downward direction, and from this a strong root
usually is formed. :

40

FIG. 39. Section of an acorn, fllled by the embryo. 40. Advanced germination ot
the same.
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83, In some Oaks, notably in our Live Oak (Quercus virens),
and less so in the Horsechestnut, the two cotyledons coalesce or
cohere by their contiguous faces.
In some of these cases of hypo-
geous germination, the short
caulicle and plumule are extri-
cated from the enclosing coats or
husk by the development of short
stalks (petioles, 157) to the fleshy
cotyledons ; as is seen in Fig. 42,
and in most germinating acorns.
These petioles are not visible in
the seed, but are the first develop-
ment in germination.

34. There are some curious
cases in which, while the caulicle
remains short and subterranean,
the cotyledons are raised out of
ground in germination by the
formation of far longer stalks

: (petioles) than those of the
4 4 Horsechestnut. A singularly dis-
guised instance of this kind is seen in Megarrhiza, a genus of
Cucurbitaceous plants of California and Oregon, remarkable for
their huge root. The large seed has very thick and fleshy
cotyledons, and a very short and straight caulicle. In germi-
nation, the whole seed is elevated, seemingly in the manner of
the bean, upon a stout stem. One waits for a long time expect-
ing to see the cotyledons throw off the bursting husk and expand,
or else to put forth the plumule from between their bases. But
at length the plumule makes its appearance from an unexpected
place, coming separately out of the soil. Removing this, the
state of things represented in Fig. 43 is presented, — that of
the plumule seemingly originating from the base, instead of the
apex, of an elongated caulicle! But on examination of the cleft
from which this proceeds, by making a section of the stem above
(showing that it is hollow), and finally by separating the cotyle-
dons and gently tearing apart the two short stalks by which they
are united to their stem-like support, it is found that the latter may
be divided into two (as shown in Fig. 44), even down to the cleft
below. This explains the anomaly. The real caulicle has re-

FIG. 41. Section of a Horsechestnut or Buckeye seed. through the very thick
cotyledons and the incurved caulicle. 42. Sedd in germination, showing the petioles
to the cotyledons, &c. L
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mained short and subterranean, and is confluent with the upper
part of the thickening root: the seeming caulicle, which raised
the cotyledons above thesoil, consists
of the petioles of these combined into
a tubular stem-like body, no evident
trace of which is visible in the seed,
although in germination it attains the
length of two or three inches: in age
it is readily separable into the two
leaf-stalks or petioles of which it is
composed : the plumule is thus seen
to be wholly normal, originating from
between the cotyledons. All the ex-
tensive growth so far, and until the
proper foliage-leaves of the continu-
ation of the plumule are developed
and begin their action, is from nutri-
tive material stored in the thickened
cotyledons, a considerable part of
which was transferred to the already -
enlarging root, before a remaining
portion was used in building up the
strong plumule. The economy of this
elevation of cotyle-
dons which never
open, and of the
lengthened distancc
through which the
nutritive matter has
to be carried, is not
apparent, But it is
the family habit in
Cucurbitacese  to
bring up the cotyle-
dons that they may
develop as leaves
(as in the Pumpkin,
Fig. 47) : here this
elevation is brought
about in a different way, but without securing the useful end.!

1 It may be inferred that Megarrhiza is a descendant of some Cucurbitacea
with thinner cotyledons, which in germination developed into long-stalked
leaves, in the manner described in the next following paragraphs.

FIQ. 43, 44. Peculiar germination of Megarrhiza Californica; explained above.
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85. This same anomaly, as to the development of long stalks
to the cotyledons and their union into a stem-like body, occurs in
various species of Larkspur (notably in the Californian Delphin-
ium nudicaule) ; but in these the cotyledons develop into a pair
of efficient green leaves.

I
¢

%

36. A similar elongation of petioles of the cotyledons, but
without any union, occurs in a species of Morning Glory of the
plains beyond the Mississippi (Ipomeea leptophylla) ; the leaf-
like cotyledons coming up on their long stalks separately from
the ground (Fig. 45); the developed plumule rising some
time afterward between them. Compare this with the ordinary
species (25, Fig. 15, 16, 25), and note that the difference is merely
that the caulicle in the common Morning Glory elongates and the
petioles of the cotyledons remain short.

37. In all instances thus far a single primary root so regularly
develops from the lower end of the axis of the embryo (variously
named radicle or caulicle), and forms such a direct downward

FIG. 45. Germination of Ipomaa leptophylla; the caulicle not developing, the

le and the petioled cotyledons rise from underground. Dotted line marks the

level of the sofl.
F1G. 46. Embryo of a Pumpkin, the cotyledons separated. 47. Same germinated;

a cluster of roots from the base of caulicle.
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prolongation of it, that it was called tke descending axis; and
the body from which it originates was named the radicle, on the
supposition that it was itself the nascent root. But, as already
explained, the so-called radicle grows in the manner of stem (24),
and is morphologically that initial internode the node of which
bears the first leaves or cotyledons. (20.) Let it now be noted
that this descending axis or single primary root is far from
universal. In Pumpkin, Squash, Echinocystis, and the like,
the strong caulicle sends out directly from its root-end a cluster
of roots or rootlets, of equal strength ; i. e., it strikes root in
nearly the manner that a cutting does. (Fig. 47.)

38. The Polycotyledonous Embryo is one having a whorl of
more than two seed-leaves. The dicotyledonous embryo being
a whorl of the very simplest kind, that is, with the
members reduced to two, the polycotyledonous
may be regarded as a variation of it. In all but
one group of plants it is simply a variation, of
casual occurrence, or even a monstrosity, in which
three or rarely four cotyledons appear instead of
two. In Pines (Fig. 48, 49), however, and in
most but not all Conifera, a whorl of from 3 to 10
cotyledons is the normal structure, varying accord-
ing to the species, but of almost uniform number
in each. In germination these are brought out of
the soil by the elongation of the caulicle, and when
the husk of the seed is thrown off they expand
into a circle of needle-shaped leaves. In the Pine w0
tribe, all the subsequent leaves are alternate (spiral) in arrange-
ment, with some disguises. In the Cypress tribe, the cotyledons
are fewer (not more than four, and more commonly only two),
and the subsequent leaves also are in whorls of two to four;
1. e., are either opposite or verticillate. From the occasional
union at base of the cotyledons of a polycotyledonous embryo in
pairs or groups, and from a study of their early development,
Duchartre! plausibly maintains that such cotyledons really consist
of a single pair, parted into divisions or lobes. The ordinary
interpretation, however, is equally tenable.

39. The Monocotyledonous Embryo, although theoretically the
simplest, is practically a more difficult study. It has a single
cotyledon (as the name denotes) ; also a single leaf to each node

=

1 Ann. Sci. Nat. ser. 3, x. 207. This view, which originated with Jussieu,
is adopted by Parlatore in DC. Prodr. xvi.

FIG. 48. Section of a seud of a Pine, with its embryo of several cotyledons. 49. Early
seedling Pine, with its stemlct, displaying its six seed-leaves.
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of the plumule; that is, the leaves of the embryo are alternate.
But the caulicle is usually very short, and there is no external
mark by which its limits may be distin-

guished from the cotyledon, until germi-
nation has begun. For a type of it, the
embryo of some aquatic or marsh plants
) ﬁj may be taken, where it forms the whole
o’ i
50 81 52 53

kernel of the seed (Fig. 50-53), and
the structure can be made out antecedent
to germination. It is understood by supposing that the cotyle-
don, which forms its principal bulk (the caulicle being only the
very short thickish base), is convolute around a short
plumule, and the margins concreted, except a minute
longitudinal chink at base, out of which the growing
plumule protrudes in germination. The embryo of
Iris may be similar in structure, but no distinction
of parts is visible. It is very small in proportion to
the size of the seed, the kernel being mostly albu-
men, — a supply of food, from which the germinating
embryo draws the materials of its growth. When
this takes place, either the cotyledon or the whole
embryo lengthens, its lower part is pushed out of the
seed, a root forms at the free end of the excessively
short caulicle, and the plumule develops from the
other in a series of one-leaved nodes, the internodes
of which remain so short that the leaves continue
in close contact, the bases of the older successively
enclosing the inner and younger. (Fig. 55.) Hcre,
therefore, the cotyledon mainly remains in the seed,
and the seed remains underground (hypogsous).
40. It is somewhat different in the Onion, which
has a similar embryo, except that it is longer, and
the cotyledon is curved in the albumen of the seed.
The first steps are the same as in Iris; but as soon
‘as a root is formed and embedded in the soil, the
cotyledon lengthens vastly more, into a long and
filiform green leaf, which, taking an erect position,

FIG. 50. Seed of Triglochin palustre; the rhaphe, leading to the strong chalaza at the
summit, turned towards the eye. 51. The embryo detached from the sced-coats, showing
the longitudinal chink at the base of the cotyledon; the short part below is the radicle.
52. Same, with the chink turned laterally, and half the cotyledon cut away, bringing to
view the plumule concealed within. 53. A cross-section through the plumule, more
magnified.

F1G. 54. Section of seed of Iris, enlarged, showing the small and apparently simple
embryo at the base of the albumen 55. Germinating seed and seedling of the same, of
natural size.
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carties up the light seed far above the surface of the ground, the
tip only remaining in the albumen of the seed until that is ex-
hausted, when the tip perishes and the emptied husk falls away.
About this time the plumule shoots forth from one side of the
subterranean base of this cotyledonar leaf, in the form of a second
and similar filiform leaf, to be followed by a third, and so on.
The sheathing bases of these succeeding leaves become the coats
of the Onion-bulb. The internodes remain undeveloped until the
plant is ready to blossom. Very similar is the germination of
a date-seed, except that the
protruding cotyledon docs
not lengthen so much, nor
does it elevate the heavy
seed. Instead of the seed
being carried up, the lower
end of the embryo, contain- L

ing the plumule, is pushed down more or less into the loose
soil, from which in time the developing plumule emerges.

41. The embryo of Grasses, especially of those which yield
the cereal grains, is more complew:, owmg mainly to the great de-
velopment of the plumule
and the manner in which ¢
its rudimentary leaves
successively enclose each
other. That of Maize or
Indian Corn, one of the "
largest, is most convenient 5
for study. (Fig. 56-59.) The floury part of the seed, which
makes most of its bulk, is the albumen, largely composed of
starch. The embryo is exterior to this, applied to one of its
flat sides, and reaching from the thinner edge to or above the
middle in the common variety of corn here represented. The
form of the embryo is best shown, detached entire, in Fig. 58 :
its structure appears in thc sections. The outer part is the
cotyledon, which incompletely enwraps the plumule: it adheres
closely to the albumen by the whole back, and remains un-
changed in germination: its function is to absorb nutritive

FIG. 56. Section, flatwise, of a grain of Indian Corn, dividing the albumen and the
embryo. 57. Similar section at right angles to the first. 58. A detached embryo:
corresponding parts of Fig. 57 and 58 indicated by dotted lines.

FIG. 59. Vertical section of Indian Corn across the thickness of the grain, dividing
the embryo through the centre and displaying its parts: o, cotyledon; p, plumule;
r, the radicle or caulicle.

FIG. 60. Similar section of grain of rice. 61. Same of an oat-grain; the parts
as in Fig. 89.
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matter furnished by the albumen, and to transmit it to‘the
growing plumule. The plumule consists of a succession of
rudimentary leaves, sheathing
and enclosing one another, on
the summit of a very short
axis, which is mainly the
caulicle, otherwise called rad-
icle. This is completely en-
closed by a basal portion of
the cotyledon and of the
outermost leaf of the plu-
mule, which form a peculiar
sheath for it, named the
Coleorhiza,! i. e. root-sheath :
consequently the first root or
roots have to break through
this covering. As in the Oak
and Pea(82), the very first or
> outermost leaves of the plu-
5~ mule develop imperfectly and not into
%, efficient foliage. The one in Fig. 62,
which encloses the rest in the early
growth, is left behind as a mere sheath
to the base of the following and more
perfect leaves: it is the same as the
lowest in Fig. 63. The leaves are first
developed : the internodes lengthen later, and the lowest lengthen
very little. Not rarely the first root starts singly from the tip of
the caulicle (Fig. 62, just as in Fig. 55) ; but others of equal
strength follow from any part of the caulicle, and soon from
the nodes above; and no tap-root is ever formed.

42. A Pseudo-monocotyledonous embryo occasionally occurs ;
that is, one of the dicotyledonous type, of which one cotyledon is
wanting through abortion. This occurs in Abronia, a genus
related to Mirabilis, and bearing an embryo very similar to that
represented in Fig. 17, 18, except that one cotyledon is absent.
The anomaly of an acotyledonous embryo occurs in Dodder, a
plant of the dicotyledonous type, but with both cotyledons

62

1 This, the Coleorhize of Mirbel, should not be confounded (as by some it
has been) with the “root-cap,” or tissue which ordinary roots (whether
primary or secondary) break through in their development or carry on
their apex.

FIG. 62. Early germination of Indian Corn. 63. More advanced germination ot
same: roots produced from portion of stem above the cotyledon as well as below.
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actually wanting, —a correlation with its parasitic mode of life.
(64, Fig. 78.)

43. The dicotyledonous and the monocotyledonous character
of the embryo is correlated with profound differences in the whole
ulterior development, as revealed in the structure of the stem,
leaves, and flower ; which differences mark the two great divisions
of Phaenogamous plants, viz. DicoTYLEDOXNES or DicoTYLEDONOUS
PraNTs, and MONOCOTYLEDONES or MONOCOTYLEDONOUS PLANTS,
— names introduced into classification by Ray, and adopted by
A. L. Jussieu, in his Genera Plantarum.

CHAPTER III.

MORPHOLOGY AND STRUCTURE OF THE ORGANS OF THE
PLANT IN VEGETATION.

Secriox I.  OF TtHE Roor.

44. The Root, which has been called thc descending axis, is
that portion of the body of the plant which grows downward,
ordinarily fixing the vegetable to the soil, and absorbing from it
materials which the plant may elaborate into nourishment. As
already stated (24), the root grows in length by continuous
additions of new fabric to its lower cxtremity, elongating from
that part only or chiefly ; so that the tip of
a growing root always consists of the most
newly formed and active tissue. It normally
begins, in germination, at the root-end of the /[
caulicle, or so called radicle. But roots soon X
proceed, or may proceed, from other parts of
the stem, when this is favorably situated for
their production. The root does not grow
from its naked apex, but from a stratum
immediately behind it : consequently its blunt
or obtusely conical advancing tip consists of older, firmer, and
in part effete tissue. The tip of all secondary roots and rootlets

FIG. 64. Magnified tip of root of a seedling Maple (such as in Fig. 9), sufficiently
enlarged to indicate the cellular structure: a. the portion where growth is taking
place; b. the older and firmer tip.
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is similarly capped or protected.! But the so-called root-cap is
seldom so distinct or separable as to deserve a particular name.
45. Nature of Growth, Cells. The development and growth of
the root, as of other organs, results from the development,
growth, and increase in number of certain minute parts, of which
the plant is built up. These component parts are so much alike,
at least in an carly stage, and are so obviously formed all on
one type, that they take one common name, that of Ceris.
These are the histological elements of plants, 7. e. the units of
‘minute anatomical structure. While, in the morphology of the
plant’s obvious organs, analysis brings us to the phytomer (16)
as the individual element which by a kind of propagation
produces its like in a second phytomer, remaining however in
connection with the first, thus building up the general structure,
80, in an analogous way, each of the obvious parts — each stalk
or blade or rootlet — is microscopically determined to be com-
posed of these ultimate organic units, generally called cells.
The cell (cellula, by the French

conveniently termed cellule) is the

living vegetable unit, in the same

/ sense that the brick is the unit

of a brick edifice. To make this

analogy fairly complete, the

/H bricks should be imagined to

‘ have a firm exterior or shell,

T and a soft or at length hollow

interior, also to be living when

incorporated into the structure,

and finally to be produced in the

6 forming structure by a kind of

& propagation. The production or

increase in number of these cells by development from previous
ones, and their successive increase in size up to maturity, are
what constitutes vegetable growth.? The inspection through a

1 The notion that the tip of the root consists of delicate forming or
newly formed tissue, or bears some organ or structure of this nature (a
“ Spongiole’), has hardly yet been eliminated from the text-books and popular
writings. It had no proper foundation in fact.

In Lemna, and in some other aquatics, and also in some aerial roots, this
older tissue often scparates into a real root-cap, free at base, like an inverted
calyptra.

2 This, as to the structare, is the subject of Histology; as to processes or
actions, the subject of Physiolojy; both to be treated in a separate volume.

FIG. 65, 66. Portions of surface of Fig. 64, more magnified. clearly displaying the
superficial cellular structure and the long processes from some of the cells, called rooi-
hairs, which abound on the upper part of Fig 64.
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simple microscope of a slender young root, and of thin slices
of it immersed in water, may serve to give a general though
crude idea of the vegetable cellular structure, sufficient for the
present purpose. Roots are naked ; that is, they bear no other
organs. When they send off branches, these originate from the
main root just as roots originate from the stem; and in both
cases without much predetermined order. The ultimate and
very slender branches are sometimes called root-fibrils; but
these are only delicate ramifications of the root. Like any
other part of the plant, however, roots may produce hairs or
such like growths from the surface, which are wholly distinct
from. branches. (383.)

46. Root-hairs. Roots absorb water, &c., from the soil by
imbibition through the surface ; that is, through the walls of the
cells, which are in a certain sense permeable to fluids, more readily
when young and tender, less so when older and firmer. Roots,
therefore, absorb most by their fresh tips and adjacent parts;
and these are continually renewed in growth and extended fur-
ther into the soil. As the active surface of a plant above ground
is enormously increased by the spread of foliage, so in a less
degree is the absorbing surface of young roots increased by the
production of root-hairs. (Fig. 64, upper part, and more magni-
fied in Fig. 65, 66.) These are attenuated outgrowths of some
part of the superficial cells into capillary tubes (only one from
each cell), closed at the tip, but the calibre at base continuous
with the cavity of the cell; into which, therefore, whatever is
imbibed through the thin wall may freely pass. These appear
(as Fig. 64 shows) at a certain distance behind the root-tip.
Further back the older or effete root-hairs die away as the cells
which bear them thicken into a firmer epidermis.

47. To the general statement that roots give birth to no other
organs, there is this abnormal, but by no means unusual excep-
tion, that of producing buds, and therefore of sending up leafy
branches. Although not naturally furnished with buds in the
manner of the stem, yet many roots have the power of originat-
ing them under certain circumstances, and some produce them
habitually. Thus Apple-trees and Poplars send up shoots from
the ground, especially when the superficial roots arec wounded.
And the roots of Maclura or Osage Orange so readily originate
buds that the tree is commonly propagated by root-cuttings.

48. Kinds of Roots. The root, commonly single, which origi-
nates from the embryo itself, is called the Primary Roor. (37.)
Roots which originate from other and later parts of the stem,
or elsewhere, are distinguished as SecoNparY Roots. But the
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latter are as normal as the primary root; that is, to stems
so situated that they can produce them. Most creeping plants
emit them freely, usually from the nodes; and so do most
branches, not too old, when bent to the ground and covered
with earth, thus securing the requisite moisture and darkness.
Separate pieces of young stems (cuttings) can commonly be
made to strike root. Upon this faculty of stems to originate
roots depends all propagation by division, by laying or layering,
by cuttings, &c. It is mainly annuals and common trees that
naturally depend on the primary root ; and most of these can be
made to produce secondary roots. Even leaves and leaf-stalks
of some plants may be made to strike root and be used as
cuttings. (77.)

- 49. Duration. By differences in respect to this, either the
root or the plant, as the casc may be, is distinguished into
Annual, Bienuial, or Perennial, according to whether life is contin-
ued for a single year or season, for two, or for a greater number.
The difference is not in all cases absolute or even weli marked.

50. Annuals are plants which, springing from the seed, flower
and seed the same year or season, and dic at or before its closec.
They produce fibrous roots, either dircctly from the embryo and
succeeding joints of stem (as in Grasses, Fig. 63), or from a
persistent primary or fap-root, more or less thickened into a trunk
or divided into branches. The products of vegetation in all such
herbs are not stored in subterrancan or other reservoirs, but are
expended directly in new vegetative growth, in the production
of blossom, and finally in the maturation of fruit and seed.
This completed, the exhausted and not at all replenished indi-
vidual perishes.

51. But some annuals may have their cxistence prolonged by
not allowing them to blossom or seed. Others, with prostratc
stem or branches, may from these produce secondary roots,
which, forming new coimections with the soil, enable the newer
growth to survive when the older parts with the original root
have perished. And many herbs, naturally annuals, are continued
from year to year through such propagation from the branches,
used as layers or cuttings. Morcover, certain plants (such as
Ricinus or Castor-oil Plant), which are percnnial or even arbo-
rescent in warm climates to which they belong, become annuals
in temperate climates, early perishing by autumnal cold.

52. The annuals of cool climates, where growth completely
ceases in winter, germinate in spring, mature, and dic in or before
autumn. But, in climates with comparatively warm and rainy
winter and rainless summer, many germinate in autumn, vegetate
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through the winter, flower and seed in spring, and perish in
early summer. These may be termed WINTER ANNUALS.

53. Biennials are plants which, springing from the seed and
vegetating in one season, live through the interruption of winter,
and blossom, fructify, and perish in the next growing season;
their life being thus divided into two stages, the first of vegeta-
tion, the second of fructification. In typical biennials, nearly
the whole work of vegetation is accomplished in the first stage,
with the result of accumulation of a stock of nutritive matter,
to be expended in the second stage in the production of blossom
and seed. This accumulation is usually stored in the root or in
the base of a very short stem in connection with the root. The
_ root of a biennial accordingly enlarges and becomes fleshy, or
obese, as this matter accumulates. At the close of the growing
season, — the leaves perishing and the
stem having remained very short (with
undeveloped internodes), — the root,
crowned with the bud or buds, contains
the main result of the summer’s work,
as provision for the next year’s devel-
opment and the completion of the
cycle. This development, being thus
amply provided for, is undertaken in
spring with great vigor ; blossom, fruit,
and seed are rapidly produced; and
the stock being consumed, but not at
all replenished, the cells of the great
root are now empty and effete, and
the individual perishes. The Beet,
Turnip, Parsnip, and Carrot are fa-
miliar examples of biennials, with the
store of nourishment in the root.! o
The Kohl-rabi is a biennial with this deposit in the stem:
the Cabbage, partly in the stem, partly in the head of leaves.

1 In these the caulicle enlarges with the root, so that the upper and
bud-bearing end is stem.

Tap-roots of this kind are said, in descriptive botany, to be

Fusiform or Spindle-shaped, when broader in the middle and tapering
towards both ends, as in the common Radish (Fig. 67);

Conical, when tapering regularly from base to tip, as in carrots, &c. ;

Napiform,i. e. Turnip-shaped,when the thickened part is wider than high, &ec.

Fuascicled Roots are those which form in clusters; these may be slender or
thickened. When much thickened, either irregularly or not of the above
shapes, they are said to be tuberous.

FIG. 67. Radish: a fusiform tap-root.
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54. But some plants, such as the Radish, which when they
spring from seed in autumn are true biennials, will when raised
in spring pass on directly to the flowering stage in summer, or
when sown after the warm season begins will often run through
their course as annuals. Then there are various biennials which
thicken the root very little and hold their leaves through the
winter. Between these and winter annuals no clear demarcation
can be drawn. As respects annual and biennial duration, the
terms may for the most part be applied indiscriminately to the
plant or to the root. We may say either that the plant is a
biennial, or that its root is biennial.

55. Perennials are plants which live and blossom or fructify
year after year. They may or they may not have perennial
roots. In trees and shrubs, also in
herbs with growth from year to year
from a strong tap-root, the root
is naturally perennial. But in most
perennials with only fibrous roots,
these are produced anew from time
to time or from year to year. Also,
while some such roots remain fibrous
and serve only for absorption, others
\ may thicken in the manner of the
" ordinary biennial root and serve a
similar use, ¢. e. become reservoirs of
elaborated nourishment. The Dahlia
(Fig. 68) and the Peony afford good
examples of this. Sweet potato is
another instance.! Most such roots
have only a biennial duration: they
are produced in one growing season; they yield their store to
form or aid the growth of the next. When perennials store up
nutritive matter underground, the deposit is more commonly
made in a subterranean portion of the stem, in tubers, corms,
bulbs, &c. (See 115-122.)

56. The distinction between annuals and biennials is at times
so difficult, and the particular in which they agree so manifest,
— namely, that of blossoming only once, then dying, as it were
by exhaustion, —that it was proposed by DeCandolle to unite

1 It is only by the readiness of this root to produce adventitious buds,
especially from its upper part, that it has been mistaken for a tuber, such
as the common potato.

FIG. 68. Fascicled and tuberous or fusiform (secondary) roots of Dahlia: a,a. buds
on base of the stem.
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the two under the common appellation of MoNocArPIC plants,
Plante monocarpice, taken in the sense of only once-fruiting
plants; and to designate perennials by the corresponding term
of PoLycarpic, Plante polycarpice, literally many-fruited, taken
in the sense of many-times fruiting.?

57. But the distinction even here is no more absolute than
that between annuals and biennials. For example, it is not
quite clear whether the Cardinal Flower and related species of
Lobelia should be ranked as annuals, biennials, or perennials.
The plants may blossom and seed toward the end of the season
in which they came from seed; or, germinated in autumn, the
small seedlings may survive the winter ; but whenever fructified
the fibrous-rooted mother plant dies throughout ; yet usually not
before it has established, and perhaps detached from the base,
small offsets to blossom the next season; and so on. Then
Houseleeks (Sempervivum) and such-like fibrous-rooted succu-
lent plants multiply freely by offsets which are truly perennial
in the sense that they live and grow for a few or several years;
but when at length a flowering stem is sent up producing blos-
som and seed, that plant dies as completely and in the same
manner as any biennial, only the generation of offsets surviving.
The same is true of the Century plant (Agave Americana,
wrongly denominated American Aloe), which vegetates in the
manner of the accumulating stage of a biennial, except that
this continues for several or very many years, while the flower-
ing stage, when it arrives, is precipitated and terminated in a
single season.

58. Although the stem usually sends forth roots only when
covered by or resting on the soil, which affords congenial dark-
ness and moisture, yet these are in some cases produced in the
open air. Roots may likewise subserve other and more special
uses than the absorption of crude or the storing of elaborated
nourishment.

59. Aerial Roots is a general name for those which are pro-
duced in the open air. One class of these may serve the office
of ordinary roots, by descending to the ground and becoming
established in the soil. This occurs, on a small scale, in the
stems of Indian Corn; the lower nodes emitting roots which
grow to the length of several inches before they reach the ground

1 These terms or some equivalents have a convenience in descriptive
botany. But those employed by DeCandolle are not happily chosen, as has
often been said. Mondlocous (bearing progeny once) and Polytocous (bearing
many times) would be more appropriate.
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into which they penetrate. More remarkable cases abound in

those tropical regions where the sultry air, saturated with moist-

ure for a large part of the year, favors the utmost luxuriance of

vegetation. In the Palm-like Pandanus or Screw-Pine! (Fig.

69), very strong roots, emitted in the open air from the trunk,

and soon reaching

the soil, give the

appearance of a tree

partially raised out

of the ground. The

famous Banyan-tree

of India (Fig. 71) is

a still more striking

illustration ; for the

aerial roots strike

from the horizontal

branches of the tree,

often at a great

height, at firstswing-

ing free in the air,

but finally reach-

ing and establishing

themselves in the

ground, where they

increase in diameter

and form accessory

trunks, surrounding

the original bole and supporting the wide-spread canopy of

branches and foliage. Very similar is the economy of the Man-

grove (Fig. 70), which forms impenetrable thickets on low and

muddy sea-shores in the tropics throughout most parts of the

world, extending even to the coast of Florida and Louisiana.

Here aerial roots spring not only from the main trunk, as in

the Pandanus, but also from the branchlets, as in the Banyan.

Even the radicle of the embryo starts into growth, protrudes,

and attains considerable length while the fruit is still attached to
the branch.

59°. Aerial Rootlets for climbing are familiar in the Ivy of the

Old World (Hedera), Trumpet-Creeper (Tecoma radicans), and

our Poison Ivy (Rhus Toxicodendron) ; by the adhesion of

1 So named, not from any resemblance to a Pine-tree, but from a like-
ness of the foliage to that of a Pine-Apple.

FIG. 69. Pandanus, or Screw-Pine; and in the background, 70, a Mangrove-tree
(Rhizophora Mangle).
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which the stems, as they grow, ascend walls and the trunks of
trees with facility. In Rhus a superabundance of these rootlets
is produced, thickly covering all sides of the stem.

7

60. Epiphytes or Air-Plants also have roots which are through-
out life unconnected with the ground. Epiphytes, or Epiphytic
plants, as the name denotes, are such as grow upon other plants
without taking nourishment from them. Deriving this from the
air alone, they are called Air-plants. This name might be
extended to the same or other kinds of plants attaching them-
selves to bare walls, rocks, and the like, and unconnected with
the soil, though such would not technically be epiphytes. Very
many Lichens, Mosses, and other plants of the lower grade, and
not a few phenogamous plants, are in this case. The greater
part of the phanogamous Epiphytes pertain to two monocotyle-
donous orders, the Orchis family and that to which the Pine-
Apple belongs, viz. the Bromeliacese. Their thread-like or
cord-like simple roots either adhcre to the bark of the supporting
tree, securing the plant in its position, or some hang loose in the
air. Of these, Orchids, 7. e. plants of the Orchis family, are the
most showy and numerous, and of the greatest variety of forms,
especially of their blossoms, which are often bizarre and fantas-
tic. They belong, naturally, to climates which are both warm
and humid; they are highly prized in hot-house cultivation ;
and, along with the hardy and terrestrial portion of the order,
they are peculiarly interesting to the botanist on account of the
singular and exquisite adaptation of their flowers in relation
to insects which visit them. In some the blossoms curiously

FIG. 7T1. The Banyan-tree, or Indian Fig (Ficus Indica).
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resemble butterflies or other insects ; as, for example, Oncidium
Papilio, Fig. 72. Epiphytic orchids are indigenous to the United
States only from Georgia to Texas, and only in humble forms,
in company with species of Tillandsia, representing Bromeliace~
ous epiphytes. The commonest of the latter tribe, and of most
northern range, is the T. usneoides, the so-called Long Moss,
which, pendent in long and tangled gray clusters or festoons from
the branches of the Live-Oak or Long-leaved Pine, gives such a
peculiar and sombre aspect to the forests of the warmer portions
of our Southern States. .

61. Parasitic Plants have the peculiarity that their roots, or
what answer to roots, not only fix themselves to other plants,
but draw therefrom their nourishment, at least in part. Among
cryptogamous plants very many Fungi are parasitic upon or
within living plants or animals. But only phznogamous para-
sites are here under consideration. These may be divided into
two classes ; those with and those without green foliage.

62. Green Parasites may be either wholly or partially parasitic ;
that is, they may draw all their support from a foster plant, or

FIG. 72. Oncidium Papilio, and, 73, Comparettia rosea; two showy epiphytes of the
Orchis family ; showing the mode in which these Air-plants grow.
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they may be likewise rooted in the soil, and receive from it
materials of their food. Having green foliage, they are capable
of elaborating such food, whether taken directly from the soil or
from the crude sap of the foster plant. The Mistletoes (Viscum
and its allies) are the principal examples of complete green
parasitic plants. Seeds dropped by birds on the boughs of trees
germinate there ; the root-end of the caulicle points thither instead
of towards the earth; the root, or what would be such, pene-
trates the bark and in-
corporates itself with the
sap-wood so perfectly
that the junction of par-
asite with foster trunk
is like that of branch
with parent trunk. The
parasite is probably fed
by both elaborated and
crude sap, that is, both
by what the foster tree |
has assimilated and K7
what it has merely taken
from the soil and air:
the former it can at once
incorporate ; the latter
it has first to assimilate
in its own green leaves.
Sometimes one Mistleto
is parasitic upon an-
other of the same or of : -
a different species.

63. Partially parasitic plants (mostly green) may be either woody
and arborescent or herbaceous. The species of Clusia in tropical

FIG. 74. Native epiphytes of Georgia, &c.: the erect one at the right an Orchid,
Epidendrum conopseum ; the hanging one Tillandsia usneoides, called Long Moss.

FIG. 75. Roots of Gerardia flava: some of the rootlets attaching themselves para-
sitically to the root of a Blueberry. (From a drawing by Mr. J. Stauffer.)
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America (called Cursed Fig) are examples of the former. They
form trees, send down aerial roots in the manner of the Banyan ;
but, while some roots seek the ground, some may attach them-
selves to other trees parasitically, and draw from them a portion
of their support. The parasitism of certain herbaceous plants
with green foliage is clandestine, the connection being under-
ground and therefore long unsnspected. This occurs in species
of Gerardia (at least of the section
Dasystoma) and other plants of the
same family, the uncultivability of
which is thereby explained. Alse
in Comandra and in their relatives
the Thesiums of the Old World,
belonging to a natural order (the Santalacee) which has much
affinity with the entirely parasitic order (Loranthaces) to which
the Mistleto belongs.

64. Pale or Colored Parasites, such as Beech-Drops, Pine-Sap,
&c., are those which are destitute of green herbage, and are _
usually of a white, tawny, or reddish
hue; in fact, of any color except
green. These strike their roots, or
sucker-shaped discs, into the bark,
mostly that of the root, of other
plants, and thence draw their food
from the sap already elaborated.
They have accordingly no occasion
for digestive organs of their own,
7. e. for green foliage. The Dodder
(Fig. 77) is a common plant of
this kind which is parasitic above
ground. Its seeds germinate in
the earth, but form no proper root :
when the slender twining stem
reaches the surrounding herbage,

” O it forms suckers, which attach
themselves firmly to the surface of the supporting plant,
penetrate its epidermis, and feed upon its juices; while the
original root and base of the stem perish, and the plant has
no longer any connection with the soil. Thus stealing its nour-

FIG. 76. Section of one of the attached rootlets of Gerardia, showing the union.

FIG. 77. The common Dodder of the Northern States (Cuscuta Gronovii), of the
natural size, parasitic upon the stem of an herb: the uncoiled portion at the lower end
shows the mode of its attachment 78. The coiled embryo taken from the seed, con-
sisting of naked caulicle and plumule; moderatcly magnified. 79. The same in germi-
nation, elongating into a thread-like leafless atem.
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ishment ready prepared, it requires no proper digestive organs
of its own, and, consequently, does not produce leaves. This
economy is foreshadowed in the embryo of the Dodder, which is
a naked thread spirally coiled in the seed (Fig. 78, 79), and
presenting no vestige of cotyledons or seed-leaves. A species
of Dodder infests and greatly injures flax in Europe, and some-
times makes its appearance in our own flax-fields, having been
introduced with the imported seed. Such parasites do not live
upon all plants indiscriminately, but only upon those whose
elaborate juices furnish a propitious nourishment.! Some of
them are restricted, or nearly so, to a particular species; others
show little preference, or are found indifferently upon several
species of different families. Their seeds, in some cases, it is
said, will germinate only when in contact with the stem or root
of the species upon which they are destined to live. Having no
need of herbage, such plants may be reduced to a stalk bearing
" a single flower or a cluster of flowers, or even to a single blossom
developed from a bud directly parasitic on the bark of the foster
plant. Of this kind are the several species of Pilostyles (para-
sitic flowers on the shoots of Leguminous plants) in Tropical
America, one species of which was discovered by Dr. Thurber

near the southern borders of New Mexico. Its flowers are
small, only about a quarter of an inch in diameter. The most
wonderful plant of this kind is that vegetable Titan, the Raf-
flesia Arnoldi of Sumatra (Fig. 80) which grows upon the stem
of a kind of a Cissus or Vitis. It is a parasitic flower, measuring
nine feet in circumference, and weighing fifteen pounds! Its
color is light orange, mottled with yellowish-white.

1 Monotropa or Indian Pipe (and perhaps some related plants), although
probably parasitic on living roots in carly growth, appears to live afterwards
in the manner of the larger Fungi, upon leaf-mould and decaying herbage.
Its mode of life should be investigated.

FIG. 80. Rafflesia Arnoldi; an expanded flower, and a bud, directly parasitic on
the stem of a vine: reduced to the scslq of half an inch to a foot.
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Secriox II. Or Bubs.

65. Buds are the germs of stems: they are axes with their
appendages in an early state. LEear-Bups (GEMME) are those
devoted to vegetation, and the parts, or some of them, develop
as leaves. Mixep Brbs contain both foliage and flower or
flowers. FLOWER-BUDS (ALABASTRA) are unexpanded blossoms.
These are considered in another chapter.

66. The conspicuous portion of amr ordinary bud, or that which
first develops, usually consists of leaves, or scales the homologues
of leaves ; the axis itself being very short and undeveloped. If
this remains comparatively short, the leaves as developed are
crowded in a rosette, as in a Houseleek (Fig. 91°), a Barberry
and the Larch: when the internodes lengthen, the leaves are
interspaced upon the axis.

67. The cotyledons and plumule of the embryo are, morpho-
logically, the first bud, on the summit of the initial stem, the
caulicle. This in germination and subsequent growth develops
into a leafy stem, in the manner already described. Normally
this stem has the capacity of growing on in this way from the
apex or growing point, which is always potentially a bud, the
apical or terminal bud (15). Sometimes it is merely potential,
and there is no external structure visible until the new growth
begins, or the bud is said to be latent.

68. But commonly, in plants that live from year to year, growth
is divided into seasons or stages, with intervals of repose. In
such cases, especially in trees and shrubs, instead of a continuous
succession of foliage, the period of interruption is apt to be
marked by the production of scales (Bnd-scales, Pernle, etc.) or
dry teguments, which serve to protect the tender rudiments or
growing point within during the season of rest. This being the
winter-season in cold climates, Linnseus gave to such bud-cover-
ings the common name of HiskrNacurtM. From the usually
squamose (scale-like) character of this covering, such buds take
the name of

69. Secaly Buds. Large and strong ones of this kind, such as
those of Horsechestnut, Magnolia, Hickory, Lilac, &c., may be
taken as the type of bud. The scales serve to protect the ten-
der parts within against injury from moisture and from sudden
changes in temperature during the dormant or earliest growing
state. To ward off moisture more effectually, they are sometimes
coated with a waxy, resinous, or balsamic exudation, as is con-
spicuous on the scales of the Horsechestnut, Balsam-Poplar or
Balm of Gilead, and Balsam-Fir. To guard against sudden
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changes of temperature, théy are often lined, or the rudimentary
leaves within invested with non-conducting down or wool.

70. Nature of Bud-scales. That they answer to leaves is made
manifest by a consideration of their
situation and arrangement, which are
the same as of the proper leaves of
the species ; and by the gradual transi-
tions from the former to the latter in
many plants. In the Turions, or sub-
terranean budding shoots of numerous
perennial herbs, and in the unfolding
buds of the Lilac and Sweet Buckeye | |
(Asculus parvitlora), every gradation |}
may be traced between bud-scales and
foliage, showing that no line of distinc-
tion can be drawn between them, but
that the two are essentially of the same
nature, are different modifications of
the same organ. In the Lilac they
may be regarded as the blade of the
leaf, modified and depauperate; in the
Buckeye (Fig. 233), and therefore in
Horsechestnut, as the base of leaf-stalks;
in Magnolia (Fig. 81, 82), in the
Tulip-tree, and in the Beech, they are
evidently stipules. They must therefore
be referred to in the section on the
morphology of leaves. (227.)

71. Naked Buds, &c., of shrubs and
trees, even in climates with severe
winter, are not unknown, that is, buds
unprotected by special scales or other
coverings. For example, the latest
pair of leaves of the season in Viburnum
nudum, V. lantanoides (Hobblebush),
and the like, remain in a nascent state
over winter without covering, and ex-
pand into the first foliage in the spring.
Yet V. Opulus (Snowball, &c.), another species of the same
genus and inhabiting the same region, has well-formed scaly

FIG. 81. Branch of Magnolia Umbrella, of the natural size, crowned with the
terminal bud; and below exhibiting the large rounded leaf-scars, as well as the rings
or annular scars left by the fall of the bud-reales of the previous aeason. £2. A detached
scale from a similar bud; its thickened axis is the base of a leaf-stalk ; the membranous
sides consist of the pair of stipules united with it.
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leaf-buds. In other hardy shrubs and trees, the buds, equally
or almost destitute of scales,
are minute, hidden in or un-
der the bark, or otherwise
inconspicuous until vernal
growth commences. Phila-
delphus and Taxodium are of
this kind.

72. Subpetiolar Buds. Some
leaf-buds are singularly cov-
ered in their early state and
through the summer, as in the
Locust (Robinia), Honey-Lo-
cust Fig. 96 (where they re-
main very undeveloped), 1n
Yellow Wood (Cladrastis).and
more conspicuously in the
Plane-tree (Platanus, Fig. 87) :
here they are all formed un-
der the base of the protecting
leaf-stalk, which in Plane-tree
forms a sheath or inverted cup,
very like a candle-extinguisher,
fitted to and concealing the conical bud until autumn, when by
the fall of the leaves these buds are exposed.

FIG. 83. Diagram of vertical section of a strong bud, such as of Horsechestnut.
84. The axis of the same developing, the elongation beginning with the lowest inter-
node, soon followed by the others in succession. 83, A year’s growth of Horsechestnut,
crowned with a terminal bud: a, scars left by the bud-scales of the previous year:
b, scars left by the fallen leaf-stalks: ¢, axillary buds. .

FIG. 86. Branch and buds (all axillary) of the Lilac.

FIG. 87. Leaf-bud under the petiole of thc Planc-tree.



MORPHOLOGY OF BUDS. 43

73. Fleshy Buds. Bulbs are peculiar buds of certain herba-
ceous plants, with fleshy scales, and often of a more permanent
character. Their nature and economy may most conveniently
be iilustrated under subsequent sections. Usually bulbs are
subterranean or partly so. But small bulbs (Bulblets, 123) regu-
larly appear in the axil of nearly all the leaves of certain common
Lilies, being obviously ordinary axillary buds, under certain
modifications. They become detached at maturity, fall to the
ground, produce roots, and grow as independent plants; and
their fleshy scales are storchouses of nourishment for the early
support of this independent growth.

74. Bud-propagation is a normal mode of reproduction in cases
like the above, the spontaneously detached bulblets or buds
establishing themselves as progeny. In several species of
Allium (Onions and Leeks), such bulblets usurp the place of -
flower-buds, making the analogy seem closer. Stems or branches
which habitually root in the soil, or along its surface, equally
propagate or divide into new individuals, becoming distinct by
the perishing of the older connecting parts, or by breaking away
from them. Propagation by cuttings is an acceleration or exten-
sion of this same natural operation. The cutting is a portion of
stem bearing one or more buds, which, through the faculty of
the stem to strike root, is made to grow independently. In
grafling, such a cutting, and in budding a bud only, with a small
portion of wood and bark, is transferred to the stem of another
plant of the same or of some related species, and made to grow
there, uniting its wood and bark with those of the stock, and so
becoming a limb or branch, in place of striking root into the soil
and becoming a separate plant. The horticultural advantage of
bud-propagation is, that the offsets or new individuals share
in all the peculiarities of the parent as completely as if still
branches of that tree. In propagation by seed, the special
peculiarities or excellencies of individuals or varieties may not,
and 1n some measure probably will not, be reproduced.

75. Normal or Regular Buds, as to position, are either terminal
or axillary, as already stated. (15.) They are single, that is,
one bud normally occupies the apex of a stem or branch, and
appears, or usually may appear, in the axil of (or upper angle
formed with the stem by) any well-developed leaf. In these
positions, buds are so usual, or so capable of appearing, that
they are commonly regarded as potential when not actually
present. The potentiality may be manifested by the actual
development of these buds in shrubs or trees after the lapse of
years. (84.) The terminal leaf-bud is to continue. the axis it
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surmounts : axillary and any other lateral leaf-buds are te be-
come branches. But even of buds which actually appear a large
proportion do not grow. When a terminal bud is formed (as
Fig. 81, 85, 91), this is commonly the strongest, or among the
stronger. But in many cases it habitually or commonly fails to
appear. In the Elm (with leaves and therefore buds alternate),
the bud axillary to the last leaf of the season takes its place.
In the common Lilac, a pair of buds, which were in the axils of
the uppermost of the (opposite) leaves, seem to replace the
terminal bud, which seldom develops. (Fig. 86.) When all the
regular buds make their appearance, and the leaves are opposite,
the stem will be crowned with the terminal bud, having an axil-
lary bud on each side of it. (Fig. 88.)

76. Accessory Buds. These are, as it were, multiplications of
the regular axillary bud, giving rise to two, three, or more, instead

of one ; in some cases situated one above an-
other (superposed), in others placed side by
side (collateral). In the latter case, which
occurs occasionally in the Hawthorn, in cer-
tain Willows, in the Maples (Fig. 88), &c.,
the axillary bud seems to divide into three,
or itself to give rise to a lateral bud on each
side. On some shoots of the Tartarean
Honeysuckle (Fig. 90) from three to six buds
appear in each axil, one above another, the
lower being successively the stronger and
earlier produced; and the one immediately
in the axil, therefore, grows in preference :
occasionally two or more of them grow, and
superposed accessory branches result. It is
much the same in Aristolochia Sipho, except
that the uppermost bud is there strongest.

FIG. 88. Branch of Red Maple, at the middle bearing triple axillary buds, placed
side by side.

FIG. 89. Piece of a branch of the Butternut, with accessory buds placed one above
another: a, the leaf scar: b, proper axillary bud: ¢, d, accessory buds.

FIG. 90. Part of a branch of Tartarean Honeysuckle, with crowded accessory buds
superpowed in the axil of each leaf.



MORPHOLOGY OF STEMS. 45

So it is in the Butternut (Fig. 89), where the true axillary bud
is ‘minute and usually remains latent, while the accessory ones
are considerably remote, and the uppermost, which is much the
strongest, is far out of the axil : this usually develops, and gives
rise to an extra-arillary branch.

77. Adventitious Buds are such as are abnormal and irregular,
being produced without order and from any part of the stem, or
even from roots. The latter, like the internodes of a stem,
although normal}y destitute of buds, do produce them notwith-
standing in certain cases, especially when wounded, and in some
plants (such as Blackberries) so freely that gardeners propagate
them by root-cuttings. The stems share this tendency; and
buds are apt to break out on the sides of trunks, especially when
wounded or pollarded, or to spring from new tissues produced
on cut surfaces, especially where the bark and wood join. Even
leaves may develop adventitious buds, and then be used for
propagation. In Bryophyllum, such buds, followed by rootlets,
are freely produced on the margins of the blade or of its leaflets.
In Begonia, a leaf, used as a cutting, will root from the base of
the petiole stuck in the soil, and produce buds on the blade, at
the junction with the petiole, or elsewhere.

Section III. OF THE StTEM.
§ 1. GENERAL CHARACTERISTICS AND GROWTH.

78. The Stem is the ascending axis, or that portion of the
trunk which in the embryo grows in an opposite direction from
the root, seeking the light, and exposing itself as much as pos-
sible to the air. All phaenogamous plants possess stems.! In
those which, in botanical descriptions, are said to be acaulescent,
or stemless, it is either very short, or concealed beneath the
ground. Although the stem always takes an ascending direction
at the commencement of its growth, it does not uniformly retain
it; but sometimes trails along the surface of the ground, or
burrows beneath it, sending up branches, flower-stalks, or leaves
into the air. The common idea, that all the subterranean portion
of a plant belongs to the root. is incorrect. Equally incorrect is
the common expression that plants spring from the root. Roots
spring from the stem, not the stem from the root. (21, 24, 37, 44.)

1 There are, however, reduced forms in which there is no distinction of
axis and foliage ; but most of these are clearly leafless rather than stemless,
and not even in Lemna and Wolffia can the stem be said to be wanting
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79. While the root normally gives birth to no other organs,
but itself performs those functions which pertain to the relations
of the vegetable with the soil, — binding it to the earth and
absorbing nourishing materials from it, — the aerial functions of
vegetation are chiefly carried on, not so much by the stem it-
self as by & distinct set of organs which it bears, namely, the
leaves. Hence, the production of leaves is one of the charac-
teristics of the stem. These are produced only at certain definite
and symmetrically arranged points, called nodes. (13, 23.)

80. Development and Structure. In a bud or undeveloped stem,
the nodes are in contact or close proximity. In the develop-
ment, growth in length takes place in such manner as to carry
these apart more or less, according to the degree of elongation,
that is, the internodes (13) elongate. The order of development
is from below upward, the lowest internode first lengthening,
the others in regular succession. Each completes its growth,
with more or less rapidity, although the length attained varies
greatly in different stems, in different parts of the same stem,
and under different conditions. Unlike the root, in which the
elongation of formed parts is very soon finished and therefore
only the tip is perceptibly growing, internodes go on growing
throughout, and several formed internodes may be growing
simultancously, thus producing elongation throughout a consid-
erable extent of stem and with considerable rapidity. But each
internode grows independently. Some parts of an internode
may lengthen faster or continue in growth longer than others;
this is usually the upper portion, at least in long internodes and
when every part is equally exposed to light.

81. The development of a stem from a bud is wholly like that
from the embryo, and has already been described in Chap. II.
It exhibits similar variations as to rapidity and vigor, dependent
upon the constitution of the bud, — which, like the plumule in
the sced or scedling, may be either latent or much developed
before growth begins, —also upon the amount of nourishment
provided. Strong buds commonly have their parts, or some of
them, ready formed in miniature, and a store of elaborated nour-
ishment in the parent stem to draw upon. Those well-developed
buds which in many of our shrubs and trees crown the apex or
occupy the axils of stem and branches early in the preceding
summer (as in Magnolia, Fig. 81, Horsechestnut, Fig. 85, and
Hickory, Fig. 91) often exhibit the whole plan and amount of
the next year’s growth; the nodes, the leaves they bear, and
sometimes the blossoms being already formed, and only requiring
the elongation of the internodes for their full expansion. As
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the bud is well supplied with nourishment in spring by the stem
on which it rests, its axis elongates rapidly ; and although the
growth commences with the lowest internode, yet
the second, third, and fourth internodes may
begin to lengthen long before the first has attained
its full growth. Such very strong buds are usually
terminal ; but sometimes, as in Lilac (Fig. 86), they
are the uppermost axillary, which take the place of
a suppressed or abortive terminal bud.

82. Such woody stems, developed from a strong
bud, and terminated at the close of the season’s
growth by a similar bud, may be continued from
year to year in an unbroken series. A set of narrow
rings on the bark (Fig. 85 a) commonly marks
the limit of each year's growth. These are the
scars left by the fall of the scales of the bud; and
these, in the Horsechestnut, and in other trees with
large scaly buds, may be traced back on the stem
for a series of years, growing fainter with age,
until they are at length obliterated by the action of
the weather and the distention caused by the increase
of the stem in diameter. The same is the case with the more
conspicuous Leaf-scars, or marks on the bark left by the separation
of the leaf-stalk, which are for a long time conspicuous on the
shoots of the Horsechestnut (Fig. 85 b), the Magnolia (Fig. 81),
and Hickory, Fig. 91.

83. Ramification. BrancHes (14-16) are secondary stems
developed from a primary one, or tertiary ones from these, and
so on. Ultimate or small ramifications of latest order are some-
times called BRaNcHLETs. The terminal bud continues the stem
or axis which bears it. Lateral buds give rise to branches.!
As the normal lateral buds are axillary (75), so are normal
branches. The symmetry or arrangement of branches, being
that of the buds from which they are developed, is fixed by and
follows that of the leaves. When the leaves are alternate, the

1 Dichotomy or forking, the division of an apex into two, although of com-
mon occurrence in the lower cryptogamous plants, occurs so rarely and
exceptionally, if at all, in pheenogamous plants that it may here be left
out of view.

In phznogamous plants only the ramification of axes should take the
name of branches. That is, roots and stems branch; and the term may
without confusion be extended to hairs and all Tricuomes (383) when com-
pound, but not to leaves and their modifications.

FIG. 91. End of a Hickory branch (Carya alba), with a strong terminal and smaller
axillary buds. ’ : - : '
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branches wiil be alternate; when the leaves are opposite, and -
the buds develop regularly, the branches will be opposite, &c. -
This holds in fact sufficiently to determine and exemplify the
plan of ramification ; but, if entirely carried out, there would be
as many branches as leaves. This could rarely if ever be, even
in primary ramification.

84. Non-development of Buds. Some of the buds are latent or
merely potential, that is, do not make their appearance : of those
which do appear ouly a part actually grow into branches ; and
of these some are apt to perish at an early stage. In our trees,
most of the lateral buds generally remain dormant for the first
season : they appear in the axils of the leaves early in summer,
but do not grow into branches until the following spring; and
even then only a part of them grow. Sometimes the failure
occurs without appreciable order ; but it often is nearly uniform
in each species. Thus, when the leaves are opposite, there are
usually three buds at the apex of a branch ; namely, the terminal,
and one in the axil of each leaf; but it seldom happens that all
three develop at the same time. Sometimes the terminal bud
continues the branch, the two lateral generally remaining latent,
as in the Horsechestnut (Fig. 85) ; sometimes the terminal one
fails, and the lateral ones grow, when the stem annually becomes
two-forked, as in the Lilac, Fig. 86. The undeveloped buds
do not necessarily perish, but are ready to be called into action
In case the others are checked. When the stronger buds are
destroyed, some that would else remain dormant develop in their
stead, incited by the abundance of nourishment, which the for-
mer would have monopolized. In this manner our trees are soon
reclothed with verdure, after their tender foliage and branches
have been killed by a late vernal frost, or consumed by insects.
And buds which have remained latent for several yecars occasion-
ally shoot forth into branches from the sides of old stems,
especially in certain trees.

85. Most branches springing from old trunks, however, as in
Willows and Poplars, especially when wounded or pollarded,
originate from adventitious buds (77), which occur without
order. So also when accessory buds (76) develop into branches,
normal symmetry is more or less disturbed, as by contiguous
shoots standing directly over each other in Tartarean Honey-
suckle, or by a branch far out of the axil in Walnuts (Fig. 89)
and Honey-Locust, Fig. 96.

86. Excurrent and Deliquescent Stems. Sometimes the primary
axis is prolonged without interruption, even through the whole
life of a tree (unless accidentally destroyed), by the continued
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evolution ef a terminal bud, or by some upper strong bud which
equally becomes a leader, — forming an undivided main trunk,
from which lateral branches proceed; as in most Fir-trees.
Such a trunk is said to be excurrent. In other cases, the main
stem is arrested, sooner or later, either by flowering, by the
failure of the terminal shoot, or by the more vigorous develop-
ment of some of the lateral buds; and thus the trunk is dissolved
into branches, or is deliguescent, as in the White Elm and most of’
our deciduous-leaved trees. The first naturally gives rise to coni-
cal or spire-shaped trees; the second, to rounded or spreading
forms. As stems extend upward and evolve new branches, those
near the base, being overshadowed, are apt to perish, and thus
the tPunk becomes naked below. This strikingly occurs in the
excurrent trunxs of Firs and Pines, grown in forest, which seem
to have been branchless to a great height. But the knots in
the centre of the wood are the bases of branches, which have
long since perished, and have been covered with a great number
of annual layers of wood, forming the clear stuff of the trunk.

87. Definite and Indefinite Annunal Growth of Branches. In
many of our trees and shrubs, especially those with scaly buds,
the whole year’s growth (except on certain vigorous shoots) is
either already laid down rudimentally in the bud, or else is early
formed, and the development is completed long before the end
of summer ; when the shoot is crowned with a vigorous terminal
bud, as in the Iorsechestnut (Fig. 85) and Magnolia (Fig. 81),
or with the uppermost axillary buds, as in the Lilac (Fig. 86)
and Elm. Such defirite shoots do not die down at all the follow-
ing winter, but grow on directly, the next spring, from these
terminal or upper buds, which are generally more vigorous than
those lower down. In other cases, on the contrary, the branches
grow onward ¢ndefinitely, until arrested by the cold of autumn:
the buds at or near their summit are consequently young and
unmatured, or at least the lower and older axillary buds are
more vigorous, and alone develop into branches the next spring ;
the later-formed upper portion most commonly perishing from
the apex downward for a certain length in the winter. The
Rose and Raspberry, and among trees the Sumac and Honey-
Locust, are good illustrations of this sort; and so are most
perennial herbs, their stems dying down to or beneath the sur-
face of the ground, where the persistent base is charged with
vigorous buds, well protected by the ground, for the next year’s
vegetation.

88. Many of the details and applications of ramification, of
most importance in morphology and descriptive botany, relate
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to anthotaxy or inflorescence (Chap. V.), which has its own
terminology. But some of its terms may be conveniently
employed in the description of ramification unconnected with
flowering.

§ 2. ForMs oF STEMS AND BRANCHES.

89. On the size and duration of the stem the oldest and most
obvious division of plants is founded, namely, into Herbs,
Shrubs, and Trees.

90. Herbs are plants in which the stem does not become
woody and persistent, but dies annually or after flowering, down
to the ground at least. The difference between annual, bienial,
and perennial herbs has already been pointed out in the chapter
on the root (50-57), and the gradations between them indicated.
Herbs pass into shrubs and shrubs into trees through every gra-
dation. The following definitions are therefore only general : —

91. Undershrubs, or Suffruticose plants, are woody plants of
humble stature, their stems rising little above the surface. If
less decidedly woody, they are termed Suffrutescent.

92. Shrubs are woody plants, with stems branched from . or
near the ground, and less than five times the height of a man.
A shrub which approaches a tree in size, or imitates it in aspect,
is said to be Arborescent.

93. Trees arc woody plants with single trunks, which attain
at least four or five times the human stature. Yet the name of
tree is not to be denied to a woody plant having a single and
stout trunk of less altitude ; and those which grow in a bushy
manner, sending up a cluster of stems from the ground to the
height of thirty feet or more, may still be called shrubs.

94. The erect position, elevation above the soil, and self-sup-
port, are normal conditions of the stem, but are far from universal.
And certain kinds of stem or branches are sufficiently peculiar
to have received substantive names : other equally peculiar forms
have no special names. There are, moreover, certain organs
(such as spines and tendrils) which are commonly homologous
(12) with stems, but not always. Two kinds of erect stems
have special names in descriptive botany.

95. Culm is a name applied to the peculiar closed-jointed stem
of Grasses and Sedges, whether herbaceous, as in most Grasses,
or woody or arborescent, as in the Bamboo.

96. Caudex is the name technically applied to the trunk of
Palms (Fig. 126), Tree-Ferns, and the like, consisting of a
commonly simple column, the surface beset with scales, — the
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bases of former leaf-stalks, — or marked by scars, left by their
fall. This name was used by botanists anterior to Linnseus for
any tree-trunk, but is now used for the peculiar stems above-
mentioned ; also for the persistent base of a stem, otherwise
annual, which throws up fresh herbaceous stems or stalks from
year to year. Such short and enduring stems, being usually
near the ground or under it, were commonly mistaken for roots.
The old English name of Stock is sometimes used in botanical
description for all short and enduring stems of this sort,
whether rising somewhat above or concealed beneath the surface
of the s6il.

97. A Secape is a stem or branch which rises from beneath or
near the surface of the ground and bears flowers, but no proper
foliage. It therefore belongs to inflorescence. (265.) Scapes
usually spring from some one of the subterranean forms of stem.

98. Of stems which do not stand upright in the air there are
various modifications and gradations.

99. Scandent or Climbing Stems are those which rise by
attaching themselves to some extraneous support. This is
effected in various ways; in some by the action of thc stem
itself, in others by that of organs which it bears.!

100. Voluble or Twining Stems, or Twiners, are those which
ascend by coiling round a support, which must accordingly be
comparatively slender, or at least not too large. Some ascend
by coiling ¢ with the sun” (that is, from right to left of the
observer viewing the coil from the outside %), as the Hop ; more,

1 See Darwin, The Movements and Habits of Climbing Plants, London
and New York, 1875. Also the earlier paper on the subject in Journal of
the Linnean Society, ix. 1865.

Note that in North America climbing plants in general are in popular
language called Vines (e. g. Hop-Vine, Grape-Vine, Squash-Vine, &c.), a
name which properly belongs to Vitis only.

2 Dextrorse and Sinistrorse, i. e. to the right or to the left, are almost indis-
pensable terms, but there is an ambiguity and discrepancy in their use.
Darwin (in Climbing Plants, above referred to) seeks to avoid this by usually
‘employing the terms “ with the sun,” and “ against the sun,” phrases which
would be unmanageable in terminology. The writer (in Amer. Jour. Sci.
ser. 3, xiii. 391) suggested Eutropic for the former, Antitropic for the latter,
to be used in case it is preferred to evade rather than to encounter the
ambiguity. Probably the terms dextrorse and sinistrorse, or right and left,
will continue in use, as most natural and convenient. Now, in the first
place, it should be understood that a plant, or at least a plant’s axis, having
no front and back, can have no right and left of its own. These relations
of direction must refer to the right and left of an observer. All depends,
accordingly, upon the position which the viewing observer is supposed to
occupy when he predicates the direction of the turns of a helix or of the over-
lapping of the parts of a bud. Linnaus supposed the observer to view the
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by coiling in the opposite direction, as the Bean (Phaseolus),
the woody Aristolochia Sipho, the Morning Glory (Fig. 91¢) and
other Convolvu-
lacee. The Dod-
der, aleafless par-
asitic plant of the
latter family, not only gains suppoit by coiling
on the stems of other plants, but by attachment,
through the development of sucker-like discs,
along the whole contiguous surface. (Fig. 77.)
The various actions through which plants climb,
and the attendant phenomena, are physiological,
and will be treated in the second part of this
Text Book. The most complete and satisfac-
tory discussion of the subject, of a readable sort,
is that of Darwin’s volume, referred to in a
e preceding note.

101. Leaf-Climbers are those in which support is gained by the
action, not of the stem itself, but of the leaves it bears; in most
by the coiling or clasping of petioles, as in Clematis, Maurandia,
Tropzeolum, and Solanum jasminoides (Fig. 235) ; in some by
the incurvation of leaf-blades or portions of them, as in Adlu-
mia; or by an extension of the midrib into a hook or short ten-
dril, as in Gloriosa; or by the transformation of some of the
blades of a compound leaf into hooks or tendrils, as in Cobza
and the Pea.

102. Tendril-Climbers (Fig. 92-95) are those in which the
prehension is by a tendril, a slender filiform body, either simple
or branched, specially adapted to the purpose, and capable of
coiling, either to secure a hold, or to draw the stem up to the

coil or circle from the inside; -Mohl, Palm, Braun, and the DeCandolles
adopt this, and the latter insist on it. Such authority should be decisive,
if common usage and popular sense went along with it. But some of the
botanists following Linnzus adopted the reverse view; and to the present
writer, as to Bentham and Hooker, Darwin, Eichler, and in part G. Henslow,
it was so natural to view the coil from the outside that we without concert
adopted this position and mode of expression. A right-hand coil, or one
turning to the right, with us, is one the turns of which pass from the left to
right of a bystander who confronts the coil. It is in this sense that a com-
mon screw is called a right-handed screw, and that the right bank of a river
is that to the right of the person who follows the course of the stream. So
natural is this, that even on a map or plate, which has face and back, and
therefore a right and left of its own, the figures occupying its right or left
portions are understood to be those which are toward the right or the left
hand of the observer who stands before it.

FIG. 918, Dextrorsely twining stem of Morning Glory, Ipomca purpurea.
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support. In certain tendrils the attachment to the support is by
a sucker-like disc at the apex, as in the Virginia Creeper or
Ampelopsis, Fig. 94.

103. Root-Climbers are those in which the stems produce aerial
rootlets (59°), which fix themselves to a supporting surface
along which the stem creeps or ascends. In this way Trumpet
Creeper (Tecoma radicans), Ivy, and Poison Ivy (Rhus Toxi-
codendron) climb extensively.

104. Stems or branches which neither climb nor stand upright
may have their direction or habit of growth expressed by certain
adjective terms ; such as

Ascending or Assurgent, when they rise obliquely upward ;

Reclining, when from an ascending or erect base the upper
part recurves and trails;

Decumbent, when trailing along the ground, but with apex
assurgent ;

Procumbent or Prostrate, when lying at length upon the ground ;

Repent or Creeping, when growing prostrate on the ground
and rooting as they grow. Also applied to similar stems grow-
ing under, as well as upon the surface of the soil, as in Couch-
Grass and Mint, Fig. 99. )

105. A Sueker (Surculus) is an ascending stem rising from a
subterranean creeping base. The Rose and Raspberry multiply
freely by suckers. Such plants are easiest to propagate ‘¢ by
division.”

106. A Stolon is a prostrate or reclined branch which strikes
root at the tip, and then develops an ascending growth, which
becomes an independent plant.

107. An Offset is a short stolon or a short sucker. Houseleek
(Fig. 91%) offers a familia
example. By offsets, som:
herbs, otherwise annuals, ar
continued from year to year i1
a vegetative progeny (Lobeli:
cardinalis, &c.), and peren
nials may thus establish colo
nies around a parent individua

108. A Runner (Flagellum
is a filiform or very slende
stolon, naked and tendril-like except at tip, where it roots,
develops a bud, and so a new plant. The Strawberry furnishes
the most familiar example.

FIG. 913. Houseleek (Sempervivum tectoruin) with offsets.
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109. The two following are organs which may be of axial
nature, or may not. This may ordinarily be determined by posi-
tion. Any direct continuation of
stem or branch must be of axial
nature, that is, of the nature of stem ;
and the same is true of whatever
primarily develops in the axil of a
leaf. Conversely, whatever subtends
a lateral axis or branch may be taken
for a leaf or foliar production, being
in the place of such. /

110. A Tendril, a thread-shaped
and leafless body, capable of coiling
spirally, and used for climbing (102),
is homologous with stem in Grape-
vines (Fig. 92) ; for the uppermost
tendril is seen to be a direct continu-
ation of the stem. The small bud
which appears in the axil of the
uppermost leaf will in its growth
produce another internode and leaf,
or some species more than one,
but will terminate in a similar
tendril : the present terminal tendril will have then become
lateral and opposite the leaf, like the three in the lower part of

FIG. 92. End of a shoot of the Grape-vine, with young tendrils: a sympodial
stem. (See note.)
" FIG. 93. A portion of a stem of Ampelopsis quinquefolia, or Virginia Creeper, with
a leaf and a tendril. B

FIG. 94. Ends of the latter, enlarged, showing the expanded tips or discs by which
they cling.
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the figure.! The tendrils of Virginia Creeper (Fig. 93) are of the
same nature and position. But, instead of laying hold by a coiling
of the tip, when it has reached any solid surface, such as a wall
or tree-trunk, the tip expands into an adhesive disc, which forms
a secure attachment. (Fig. 94.) In a related plant, Vitis (Cissus)
tricuspidata of Japan, these disks terminate the branches of very
short tendrils: consequently the shoots as they grow are at
once applied closely and secured firmly to the surface of the sup-
port, — an admirable adaptation for climbing walls and trunks.

111. The simple tendril of a Passion-
flower, being in the axil of a leaf (that
is in the position of a branch), is also of
axial nature: it is a leafless and simple
branch, composed of one long and slen-
der internode, devoted to the purpose of
climbing. Fig. 95 shows in all stages the
admirably active tendrils of Passiflora
sicyoides. This is a Mexican species,
remarkable for the rapidity and freedom
with which the tendrils move. The lowest
tendril in the figure is attached and
coiled: the next is free and coiled in
one helix: the third is outstretched
and seeking a support. For tendrils
which arc not homologous with stems,
see Sect. IV, 228,

112. A Spine or Thorn (Fig. 96, 97) is usually a branch or
the termination of a stem or branch, indurated, leafless, and
attenuated to a point. The nature of spines is manifest in the
Hawthorn (Fig. 97), not only by their position in the axil of a
leaf, but often by producing imperfect leaves and buds. And
in the Sloe, Pear, &c., many of the stinted branches become
spinose or spinescent at the apex. tapering off gradually into a
rigid and leafless point, thus exhibiting every gradation between a
spine and an ordinary branch. These spinose branches are less

1 This forms what is called a Sympodium or Sympodial stem, which is mor-
phologically made up of a series of superposed branches. (See Chapter V.
281,282.) In contradistinction, a stem formed by the continued development
of a terminal bud is Monopodial or a Monopodium. Fig. 95 is an example.

FIG. 95. Leafy shoot of Passifiora sicyoides, of Mexico, with fixed and coiled, free
and full grown, and forming tendrils.
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liable to appear on the cultivated tree, when duly cared for, such
branches being thrown mostly into more vigorous growth. In
the Hawthorn, the spines
spring from the main axillary
bud, while accessory buds
(76), one on each side, ap-
pear, and grow the next sea-
son into ordinary branches.
In the Honey-Locust, it is
the uppermost of several ac-
cessory buds, placed far above
the axil, that develops into
the thorn (Fig. 96). Here the
spine itself usually branches,
and sometimes becomes ex-
tremely compound.

113. For spines which are
homologous with leaves, or
parts of a leaf, see Sect. IV.
227%. Prickles, such as those
of Brambles and Roses, are
superficial outgrowths from
the bark, of a different nature
(383), and of small morpho-
N logical signification.

114. Subterranean Stems are hardly less diverse than the
aerial. They are classed as Ruizomes, TuBers, Corms, and
BuLss, the forms passing one info another by gradations.

115. Rhizoma (Rhizome, or in English RootsTock) is a gen-
eral name for any horizonal or oblique perennial stem, which lies
on the ground or is buricd beneath its surface. It sends off
roots of a fibrous or slender sort wherever it rests on or is cov-
cred by the soil, and usually produces from its apex some kind
of aerial stem, either leafy or as a flower-stalk (scape, 97),
which rises into the air and light. Before morphology was
understood, rootstocks were called creeping roots, scaly roots, &c.
Some are slender, such as those of Mints (Fig. 99), of most
Sedges (Fig. 98), and of Couch-Grass. Their cauline nature is
evident from their structure and appearance; their nodes and
internodes are well marked, the former bearing leaves reduced to

FIG. 96. Branching thorn of the Honey-Locust (Gleditschia), an indurated branch
developed from an accessory bud produced above the axil. a. Three buds under the
base of the leaf-stalk, brought to view in a section of the stem and leaf-stalk below.

FIG. 97. Thorn of the Cockspur Thorn. developed from the central of three axillsry
buds; one of the lateral buds i8 seen at its base.
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scales , and the advancing apex rises at length into an ordinary
stem, while the opposite and older end gradually dies away. A
bud forms in the axil of each scale-like leaf, or
in some of them ; roots proceed from the nodes
in preference ; the destruction of the ascending
stem only brings these buds into activity ; and
the cutting or tearing of the rootstock into
pieces by the hoe or plough merely hastens the
establishment of as many new plants, each with
roots, bud, and a small store of nourishment
ready provided. It is this which makes Couch-
Grass or Quick-Grass (Triticum repens) very

troublesome to the agriculturist; and the Nut-Grass (Cyperus
rotundus, var. Hydra) of the Southern Atlantic States is even

more 8o, portions of its rootstock being tuberiferous, ¢. e. en-
larged into a tuber which contains a supply of

concentrated nourishment to feed the growth. /2 ”HMMM’”

116. Thickened rootstocks are common ; X

nourishing matter, elaborated in the leaves
above, being accumulated in them, just as
it is in thickened roots, and for the same pur- 998

pose. (63-55.) Such are the so-called roots of Sweet-Flag, of
Ginger, of Iris or Flower-de-Luce (Fig. 216), of Bloodroot, of
Solomon’s Seal (Fig. 100), &c. These grow after the manner
of ordinary stems, advancing from year to year by the annual
development of a bud at the apex, and emitting roots from the
under side or the whole surface. Thus established, the older

FIG. 98. Slender rhizoma of Carex arenaria, of Europe, which binds shifting sands
of the sea-shore.

FIG. 99. Rootstocks, or creeping subterr: branches, of the Peppermint.

FIG. 99=. A piece of the rootstock of the Peppermint, enlarged, with its node or joint,
and two axillary buds ready to grow.
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portions die and decay as corresponding additions are made to
the opposite growing extremity. Each year’s growth is often

marked conspicuously, sometimes by a strong contraction where
the interruption took place, as in certain species of Iris (Fig. 216);
or by the circular im-
pressed scar (likened to
the impression of a seal)
in Solomon’s Seal ; this
being the place where
the annual aerial stem,
bearing the vegetation,
separated in autumn
from the perennial rhi-
zoma. The numerous
slender lines encircling the rootstock are the scars left after the
decay of the scale-like leaves or bud-scales, such as are seen at
the young and growing end of the rootstock.
The rootstock of Diphylleia, of the Alleghany
Mountains (Fig. 101), is similar; but the
yearly growths are so exceedingly short that
they become vertical, the bud of each year
is close to the stalk of the year preceding,
and the scars marking previous growths are
in contact.! Trillium makes a short and
mostly vertical rootstock, which, when it
remains simple and dies away promptly
below (as in Fig. 102), comes nearly within
the definition of a corm. But in several

1 The rootstock in Polygonatum and Diphylleia is a sympodium (110, note),
the terminal bud developing yearly the growth above ground and perishing

FIG. 100. Rootstock of Polygonatum or Solomon’s Seal, with the terminal bud, the
base of the stalk of the season, and three scars from which the latter has separated in
as many former years,

FIG. 101. Rhizoma of Diphyleia cymosa, showing six years’ growth, and a bud for
the seventh: a, the bud: b, base of the stalk of the current year: c, scar left by the
decay of the annual stalk of the year before; and beyond are the scars of previous years.

FIG. 102. Shoot and young rootstock of Trillium erectum, with only terminal bud.
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species, and in older individuals, it is longer, often oblique, and
branching, and bears the scars from which the annual aerial
growths have separated.! Nymphewa odorata,
the sweet-scented white Water Lily, grows by
very long, stout, and simple rootstocks. In
N. tuberosa the sides of the rootstock produce
short lateral branches or tubers.
117. A Tuber may be morphologically char-
‘acterized as a short thickened rhizoma on a
“slender base, or a rootstock some portion of
which —mostly a terminal portion and involv-
ing several nodes — is thickened by the depo-
sition of nourishing matter. A potato and a
Jerusalem artichoke are typical examples
(Fig. 104-107) ; and the difference between
these subterranean branches and the roots which they may bear
is very obvious. Their eyes are axillary buds; the leaves which
subtend them are plainly dis- 1
cernible, in the form of short and )
closely appressed scales. In the
attempt, occasionally seen, to
form axillary tubers above-
ground by the Potato-plant, the
leafy nature of the scales is
evidenced. (Fig.
105.) By heaping
the soil around
the stems, the
number of tuber- R\
iferous branches
may be in-
creased. The number of nodes and internodes involved in a
tuber may be many or few. There is one instance of what may

in autumn, to be renewed by an a).nllary bud, which makes its subterrnnean
growth and the rudiments of the aerial in early summer.

1 This rhizoma is a monopodium, being continued year by year by the
terminal bud, and the aerial stem or stems sent up in spring, bearing the
whorl of leaves and blossom, are axillary branches.

FIG. 103. An older and longer one of the same species, showing branches. scars left
by former leaf- and flower-bearing stems: also at tip (stripped of the covering scales), the
bases of two such stems of the season, and the terminal bud between them, for the con-
tinuation of the growth of the rootstock, &e., the next season.

FIG. 104. Base of stem of Helianthus tuberosus, or Jerusalem Artichoke, developed
from a tuber, and producing a second generation of tubers.

FIG. 105. Monstrosity of a Potato-plant, with an axillary bud developing into some-
thing Letween a bulblet and a tuber; the scales represented by obvious leaves. (From
the Gardeners’ Clronicle.)
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be called a Monromerous tuber, namely in Nelumbium luteum
(Fig. 108°%), where it consists of a single thickened internode of
107 106 108

an aquatic runner, which is accordingly quite destitute of scales
or buds. The growth proceeding from this simple tuber is
necessarily from a bud of
the node at its apex, whence
also a cluster of roots is
produced. Of a somewhat
similar nature are the con-
catenate tubers of Apios
tuberosa (several of which
are strung as it were upon
a long filiform axis), the tubers not unfrequently being mo-
nomerous, although the larger ones are not so.

117°. Tubercles, as they may be termed, are of a mixed or
ambiguous character between tubers and tuberous roots. A good
example of the latter is afforded by Dahlia-roots. (Fig. 68.)
They yield their nourishing substance to growing buds on the
stem above, but do not themselves normally produce even

FIG. 106. Forming potatoes in various stages. 107. One of the younger ones en-
larged. 108. Section of a small portion passing throngh an eye, or bud, more enlarged.
FIG. 108s. A monomerous (i. &. one-membered) tuber of Nelumbium luteum,
of a single internode.
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adventitious buds. Sweet potatoes (55), although equally
roots, do produce adventitious buds, especially from near the
upper end. The somewhat similar tubercles or tumefied roots
of certain Orchises and other plants of the same tribe,! definite
in number and shape, and sometimes imitating a corm, are
charged with a bud at the upper end, near their origin. Ap-
parently, the origin is a bud from the base of the parent
stem, which bud directly forms a tumefied short root from its
very base.?

118. A Corm (Cormus) is to be compared on the one hand
with a short rootstock or tuber, on the other with a bulb. It
is a subterranean fleshy stem, of rounded or depressed figure
and solid texture. Some of its buds grow into new corms, and
these, upon the death of or separation from the parent, become
new individuals : some develop above ground
the vegetation and the blossoms of the season.

A good type of corm is that of Cyclamen

(Fig. 109), in which the very base of the

seedling stem grows fleshy, and widens from

year to year, but hardly at all lengthens, and

80 becomes far- broader than high, or de-

pressed. As the main bulk belongs to the 100

first internode, or caulicle, the buds from which the yearly
growths of leaves and flower-stalks spring are at the centre of
the summit or upper surface, the roots
from the lower, and the sides seldom pro-
duce any buds. The corm of Indian
Turnip (Ariseema triphyllum, Fig. 110)
is somewhat similar, but it sends up a
single stout stem, and the roots spring
from around the base of this. These are
completely naked corms.

119. But in Crocus (Fig. 111, 112), Colchicum. (Fig. 117),
Gladiolus, and the like, the sheathing bases of one or two leaves
enclose the corm with a membranous-scaly coat, giving it exactly
the appearance externally of a coated bulb. Such haye been not’
inappropriately named solid bulbs. In common parlance, they
will doubtless continue to be called bulbs, and even in popular,

1 Not, however, such as those of Aplectrum, Tipularia, etc., which are
genuine corms or tubers.

2 Irmisch, Beitr. Biol. & Morphol. Orchid. 1863, fide Duchartre, Kiém.
Bot. 278.

FIG. 109. Depressed corm of Cyclamen.
FIG. 110. Corm of Indian Turnip, Arissema triphyllum.
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botanical descriptions. In fact, while they differ from naked
corms in having some investment, they differ from true bulbs
only in the greater size of the solid axis and the fewness of
the investing scales;
the stem or solid body
making the greater part
of the corm, but a very
small part of a proper
bulb. There are, more-
over, all gradations be-
m 112 tween the two.

120. A Bulb, as compared with a corm, may be said to be an
exceedingly abbreviated stem, reduced to a flat plate, from tho
lower face of which roots are produced, from the upper face,
leaves in the form of scales; these scales being either reduced
and thickened leaves or the thickened bases of ordinary leaves.
Compared with buds (73), it is a very fleshy bud, usually large
and subterranean, the axis of which never elongates. It is a-

ns3 a n7
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provision for future growth, the stored nourishment of which is
deposited in the leaves, or the homologues of leaves, instead of
in the stem.

FIG. 111. Corm of Crocus, the fow thin enveloping scales removed, showing their
scars, which mark the nodes, the shrivelled vestige of the last year’s corm at the base,
and buds developing into new ones on various parts of its surface. 112. Vertical section
of a similar corm, with a terminal and one lateral bud.

FIG. 113. Section of a tunicated bulb of the Onion.

FIG. 114. Vertical section of the bulb of the Tulip, showing its stem or terminal
bud (¢) and two axillary buds (b, b).

FIG. 115. Bulb of a Garli, with a crop of young bulbs.

FIG. 116. Vertical section or the corm of a Crocus: a. new buds.

FI@. 117. Vertical section of the corm of Colchicum (b), with the withered corm of
the preceding (a), and the forming one (c) for the ensuing year.
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121. A Tunieated or Coated Bulb (Fig. 113-115) is one.in
which the scales are broad and completely enwrapping, forming
concentric coatings. These are thickish when fresh, but thin
when exhausted and dry, as in the Onion, Garlic, and Tuhp

122. A Sealy ™
has the bulb-sc
comparatively
row, thick, and sn
imbricated, but
severally enwrap;
each other. Tha
the Lily is the 1
familiar and ¢
acteristic exam
(Fig. 118, 119.) 1

J23. Bulblets are small aenal bulbs, or buds with fleshy scales,
which arise in the axils of the leaves of several plants, such as
the common Lilium bulbiferum and
L. tigrinum, the Tiger Lilies of the
gardens (Fig. 120). Here they ap-
pear during the summer as axillary
buds: they are at length detached,
and falling to the ground strike root,
and grow as independent plants. In
the common Onion, and in many other
species of Allium, similar bulblets
take the place of flower-buds in the
umbel. Bulblets plainly show the identity of bulbs with buds

124. All these extraordinary, no less than the ordinary, forms
of the stem, grow and branch, or multiply, by the development
of terminal and axillary buds. This is perfectly evident in the
rhizoma and tuber, and is equally the case in the corm and bulb.
The stem of the bulb is usually reduced to a mere plate (Fig.
114 @), which produces roots from its lower surface, and leaves
or scales from the upper. Besides the terminal bud (c), which
usually forms the flower-stem, lateral buds (4, &) arc produced
in the axils of the leaves or scales. One or more of these may
develop as flowering stems the next season, and thus the same
bulb survive and blossom from year to year; or these axillary
buds may themselves become bulbs, feeding on the parent bulb,
which in this way is often consumed by its own offspring, as in

FIG. 118. Scaly bulb of Canada Lily, Lilium Canadense, after flowering. 119. Ver-
tical section of same, showing two new young butbs within.
FIG. 120. Bulblets in the axil of the cauline leaves of Tiger Lily.
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the Garlic (Fig. 115); or, finally separating from the-living
parent, just as the bulblets of the Tiger Lily fall from the stem,
they may form so many independent individuals. So the corm
of the Crocus (Fig. 111, 112) produces one or more new ones,
which feed upon and exhaust it, and take its place; and the
next season the shrivelled remains of the old corm may be found
underneath the new. The corm of Colchicam (Fig. 117) pro-
duces a new bud on one side at the base, and is consumed by it
in the course of the season; the new one, after flowering by its
terminal bud, is in turn consumed by its own offspring; and
so on. The figure represents at one view, a, the dead and
shrivelled corm of the year preceding; b, that of the present
season (in a vertical section); and, ¢, the nascent bud for the
growth of the ensuing year.

125. Condensed Stems, homologous with corms, tubers, &c.,
and similar in mode of growth, but above ground, and multiply-
ing in the same ways, are not uncommon. The Cactus family is
mainly composed of such forms, of flat- or round-jointed Prickly
Pears (Opuntia), fluted or angled columns (Cereus), and glob-
ular Melon-Cactus, Mamillaria, and Echinocactus. The latter
types, which completely imitate corms, are the most consolidated
forms of vegetation. While ordinary plants are constructed on
the plan of great expansion of surface, these present the least
possible amount of surface in proportion to their bulk, their
permanent spherical figure being that which exposes the smallest
portion of their substance to the air. Such plants are evidently
adapted to very dry regions; and in such only are they naturally
found. Similarly, bulbous and corm-bearing plants, and the
like, are a form of vegetation which in the growing scasen may
in the foliage expand a large surface to the air and light, while
during the period of rest the living vegetable is reduced to a
globular or other form of the least surface ; and this is protected
by its outer coats of dead and dry scales, as well as by its subter-
ranean situation ; — thus exhibiting another and very similar
adaptation to a season of drought. And such plants mainly
belong to countries (such as Southern Africa, and the interior
of Oregon and California) which have a long hot season, during
which little or no rain falls, when, their stalks and foliage above
and their roots beneath being early cut off by drought, the plants
rest securely in the corm-like forms to which they are reduced,
and retain their moisture with great tenacity until the rainy season
‘returns. Then they shoot forth leaves and flowers with wonderful
rapidity, and what was perhaps a desert of arid sand becomes
green with foliage and gay with blossoms, almost in a day.
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126. Stems serving the purpose of foliage, Phyllocladia. Most
of these condensed and permanent stems are illustrations of
this, their green rind doing duty for leaves, which
are either absent, or transient, or reduced to
spines or other organs not effective as foliage.
In the flat and broad-jointed species of Opuntia,
and still more in Phyllocactus and Epiphyllum, the
forms assumed give a considerable surface of green
rind, which well answers the purpose of leaves.
Flattened stems or branches of the same sort and
economy not seldom occur in other than fleshy or
succulent plants (such as the Cactuses) ; some-
times accompanied by a certain number of real
foliage-leaves, but these more or less transient,
as in Bossiea and Carmichslia among Legu-
minous shrubs, and Muhlenbeckia platyclada, now
in common cultivation (Fig. 121); sometimes
with all the leaves reduced to small and function-
less scales, as in the Xylophylla (i.e. wooden-
leaved) section of Phyllanthus, and in Phyllo-
cladus (New Zealand and Tasmanian trees of
the Yew family). In all these, the cauline nature
is manifest by the continuous or proliferous
growth, by the marked nodes and internodes,
and often by the bearing of flowers.

127. Cladophylla (literally, dranch-leaves) are more ambigu-
ous in character. The most familiar examples are found in the
peculiar foliage of Ruscus, Myrsiphyllum, Asparagus, and in
some other genera of the same family. In these the primary or
proper leaves of the shoots are little scales, one to each node, and
quite functionless. From the axil of each is immediately pro-
duced a body answering in all respects to the blade of a leaf,
both in appearance and in office. They also accord with leaves
in being expanded horizontally, although they take a twist which
brings them more or less into a vertical position, in the manner
of phyllodia (that is, of leaf-stalks assuming the form and office
of leaf-blades, 217); wherefore they may be regarded as the
first and only leaf of an axillary branch with the internode
ander the leaf wholly undeveloped and no turther growth ever
taking place. But, on the other hand, their anatomical structure
is said to be that of stems rather than of leaves. Moreover,

FIG. 121. Foliiform branch of Muhlenbeckia platyclada. growing from the apex,
bearing a small and transient leaf at some nodes, also a flower or two.
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the cladophyll of Ruscus (called Butcher’s Broom in England,
Fig. 123) not only becomes firm, hard, and spiny-tipped, but
it exhibits the character of a
branch by bearing flowers on the
middle of one face, in the axil of
a little bract. Under this view
such a cladophyll would seem to
be a flattened branch of two in-
ternodes, or else of one internode
with a flower-stalk adnate to it.
In Myrsiphyllum (a South Afri-
can climber, commonly cultivated
under the erroneous name of
Smilax, Fig. 122), the cladophyll
is wholly leaf-like in appearance
as well as in function, and it never bears either scale-leaf
or blossom ; but the flowers are on slender stalks from buds out
of the same axil. (See Dickson in Trans. Bot. Soc. Edinb.
Xxvi., and Van Tieghem, Bull. Bot. Soc. France, xxxi., for a
discussion of the nature of cladophylla.)

128. To all such leaves or imitations of leaves, Bischoff has
given the name PHYLLOCLADIA, sing. PHYLLoCLADIUM. To those
definitely restricted to one internode, and which so closely
counterfeit leaves, Kunth gave the name of Crapobia, sing.
CrLapopium. The best common name for all productions which
' imitate leaves would have been that of phyllodium
(meaning simply a leaf-like body) ; but that term
was first applied and is restricted to the case
of a petiole imitating the blade of a leaf. The
name Phyllocladium (mecaning a leaf-like branch)
may properly be retaincd for the whole series of
leaf-like bodies here described.  But for those of
the preceding paragraph, which are so peculiarly
leaf-like, Kunth’s name of Cladodium (i.e. a
branch-like body) is false in mecaning, and may
be replaced by that of CLaporPuyLLUM (¢.e. leaf-
branch), or in shorter English CLApoPHYLL.

‘ 129. Frondose Stems. Finally, in some few
124 pheenogamous plants, the whole vegetation is re-
duced to a simple leaf-like expansion, as in Duckweed (Lemna),

123

FIG. 122 Myrsiphyllum, with cladophylls serving for foliage; the true leaves con-
sisting of minute and very inconspicuous scales subtending the former.

FIG. 123. A single cladophyll of Ruscus aculeatus in the axil of a scale-leaf, bearing
another scale-leaf on the middle of its face, and flowers in the axil of this,

FIG. 124. Lemna minor, a common Duckweed, whole plant in flower, magnified.
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Fig. 124. Here is no differentiation whatever into stem and
foliage ; but the expanded floating body which serves for both
must be counted as stem devcloped horizontally into a flat plate,
for it produces a root from the under surface and a flower from
the edge. This simplification is common in some orders of
Cryptogamous plants ; and such a body, which answers both for
stem and foliage, is termed a Froxp, from the Latin frons, which
means either leaf or leafy bough. In some species of Lemna
the frond is thickened or plano-convex: in Wolflia, the simplest
and smallest of phaenogamous plants, it is a globular green mass,
seldom much larger than the head of a pin, wholly destitute of
root, propagated by proliferous budding from one side, and from
within the top producing a flower or pair of flowers.

§ 3. INTERNAL STRUCTURE.

130. The investigation of the intimate structure of the stem,
as of the other organs, belongs to vegetable anatomy or histology
(treated in Part IL.) ; but the general outlines of structure, so
far as is requisite to the explanation of what is visible to the
naked eye, should be here explained.

131. The stems of pheenogamous plants anatomically consist
of two general elements, the cellular and the woody ; the former
exemplified in the commoner stems by the pith and outer bark, the
latter by the wood. Both are equally composed of cells, or origi-

124
nate as such ; but those which form the woody system of the stem
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always associated with the wood-cells, 8o that they are in a goneral
way taken together as constituting.the wood, or woody tissue, and
as forming what is more definitely termed fibro-vascular tissue or,
when distinguishable into threads, fibro-vascular bundles. These
run lengthwise through the stem, sometimes as such separate
threads, sometimes confluent into a compact structure. The

softer or at least the non-fibrous portions, formed of comparatively
a ® d ] 7 9

short and commonly thin-walled cells, form cellular tissue. Its
ordinary form (of roundish, cubical, or polyhedral and thin-walled
cells) is called parenchyma. This abounds in herbaceous stems or
herbaceous parts : in trees and shrubs, woody tissue largely pre-
vails; in most herbs, it forms a notable portion; in some (especially

FIG. 125. Fibro-vascular elements. a. Bast-cells (long wood-cells) of fibrous bark
of Linden or Bass-wood. b. Some wood-cells and (below) a duct, and ¢ a detached
wood-cell of the wood of same tree, equally magnified with a. d. A detached wood-
cell from a shaving of White Pine, showing the peculiar dixk-like markings. e. Portion
of same shaving. f. Portion of a dotted duct from the Vine, evidently made up of a
series of short cells. g. Part of a smaller dotted duct, showing no appearance of such
composition. A, i. Spiral ducts or vessels, of the ordinary kind. j. Spiral duct of
Banana. k. Duct from Celery, the thread within spiral or annular below, reticulated
above, and higher passing into the state of dotted duct. /. Duct from Impatiens, with
the open spiral passing into rings at the middle. All magnified somewhat equally.
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in certein aquatic herbs), it is reduced to a few threads or
vessels, generally delicate, and sometimes obscure. The ac-
companying anatomical illustrations (Fig. 124¢, 125, with their
explanations) will give a general idea of the nature of the ana-
tomical elements of the stem.

132. In the forming state, the whole stem is parenchyma ; but
an early differentiation takes place, converting certain portions
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the whole section, or when few in number of somewhat definite
position or arrangement. The ordinary appearance of such a
stem, both on the longitudinal and the cross-section, is shown
in Fig. 126; it may also be examined in the Cane or Rattan,
the Bamboo, and in the annual stalk of Indian Corn or of
Asparagus. The appearance of ordinary wood is very familiar.

135. The newer woody bundles of an endogenous stem are vari-
ously intermingled with the old. When DeCandolle gave the name,
it was supposed, from Desfontaines’s researches, that the older
bundles occupied, or came at length to occupy, the circumference
of the trunk, while only new ones were formed in the centre ;
and that increase in diameter, when it took place at all, resulted
from the gradual growth and distention of the whole. Hence
the contrasting name of endvgenous, or inside growing, and for
such plants the name of ExpocENous PLaxts, or ENpOGENs.
Our actual knowledge of the structure and growth of these stems,
as will be seen, cannot be harmonized with this view in any
way which gives to the name endogenous an appropriate signifi-
cation. The name continues as a counterpart to the more correct
one of exogenous, and as a survival of former ideas.

186. The Endogenous Structure (so called) of the stem is cor-
related with a monocotyledonous embryo (39), usually with a
ternary arrangement in the flower (322), and commonly with
parallel-veined leaves. (173.) Endogens, although they have
many herbaceous and a few somewhat woody representatives
in cool temperate climes, mostly attain their full varicty of fea-
tures and rise to noble arborescent forms under a tropical
sun. Yet Palms — the arboreous type of the class — do extend
as far north in this country as the coast of North Carolina (the
natural limit of the Palmetto, Fig. 126*) ; while in Europe the
Date and the Chamserops thrive in the warmest parts of the Euro-
pean shore of the Mediterranean. The manner of their growth
gives them a striking appearance ; their trunks being unbranched
cylindrical columns, rising to the height of from thirty to one
hundred and fifty feet, and crowned at the summit with a simple
cluster of peculiar foliage. Palins gencrally grow from the
terminal bud alone, and perish if this bud be destroyed; they
grow slowly, and bear their foliage in a cluster at the summit of
the trunk, which consequently forms a simple cylindrical column.
But in some instances two or more buds develop, and the stem
branches, rarely and accidentally in ordinary species, regularly
in the Doum Palm of Upper Egypt, and in the Pandanus, or
Screw-Pine (Fig. 69), which belongs to a family allied to Palms :
in such cases the branches are cylindrical. But when lateral
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buds are freely developed (as in the Asparagus), or the leaves
are scattered along the stem or branches by the full development
of internodes (as in
the Bamboo, Maize,
&c.), they gradually
taper upward in the
manner of most ex-
ogenous stems.

137. This kind
of stem comprises
several subordinate
types as to internal
structure, which to
be well understood
must be studied his-
tologically,underthe
microscope.! Toone
of these, by no means
the simplest, belongs
the ordinary palm-
stem, the anatomy
of which was made
classical by Mohl,
and has been
supplemented
by Negeli. Q
In thisalarge 2
part of the
bundles,orall -
of the more
couspicuous kind, starting from the base of the leaf to which
they respectively belong, curve inward more or less strongly
toward the centre of the stem, and thence gradually outward
as they descend until they reach the rind, in which the
attenuated lower extremity mostly terminates. Consequently, the
bundles from different heights cross in their course, somewhat

B R

1 For the best and most accessible memoir on the subject, of recent date,
see Guillaud, Recherches sur ’Anatomie comparde et le Développement des
Tissus de la Tige dans les Monocotylédones, published in Ann. Sci. Nat.
ser. 6, v. 1-176, 1877. Six types of the stem of Monocotyledons are here
recognized by anatomical characters and modes of g-rowth one of them
having four modifications. .

FIG. 1262 Sabal Palmetto in various stages; also the Yucca aloifolia or Spanish
Bayonet. .
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as shown in Fig. 127, It is partly owing to this comnection of

these fibres with the rind that the latter is not separable from

the stem. In some Palms, and in Grasses,

there is no marked distinction betwecn

the wood and rind, or no proper rind at

all. In others, such as the Palmetto

(Fig. 126), there is a marked rind

or false bark, which receives independent

fibro-vascular bundles from the leaf-stalks,

and is traversed by them in parallel lines.

In Grass-stems, and otbers with long inter-

nodes and closed nodes, the fibro-vascular

bundles all run approximately straight

and parallel through the internodes, but are

intricate and anastomosed in the nodes.

w The whole centre of the internodes, when

not hollow or before it becomes so, is occupied by a true pith,

like that of an Exogen, and in some cases equally destitute of

fibro-vascular bundles, but often with scattered ones, after the

manner of certain Exogens anomalous in this respect, such as

Nyctaginace and some Araliacere. Endogenous stems of

simpler structure, as in herbaceous Liliacese, Commelynaces,

&c., have a distinct cortical portion (at least in the root-stock

or portion of stem properly comparable with palm-trunks and

the like) ; but this is mostly destitute of fibro-vascular bundles.

Most of them have two kinds of vascular bundles, one

of which not rarely occupies an exact circle in the line of

division between the cortical and medullary portion (between

bark and pith), and the other is within this circle, either of

very few and scattered bundles, as in Convallaria majalis, or

numerous and scattered, as in Uvularia and the leafy stems of

Tradescantia Virginica ; or these bundles are few and arranged

nearly in an inner circle close around the centre. Finally, Luzula

and Croomia have only one kind of bundles, answering to the

outer ones of Convallaria; in other words, the woody system

forms a simple circle, dividing a purely cellular medullary from a

similar cortical portion, thus closely imitating an herbaceous
exogenous stem of the same age.

188. An annual endogenous stem increases in diameter by

general growth until it attains its limit. Ligneous and enduring

stems increase similarly up to a certain period. Then the rind

FIG. 127. Diagrammatic view of tha curved course of the fibro-vascular bundles
iu a palm-trunk.
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sooner ot later ceases to distend or adapt itself to further in-
crease in diameter, and there is no interior provision for indefinite
increase in the greater number of woody endogenous trunks. But
in Draczena (Dragon-trees), in the arborescent Yuccas, and the
like, the zone intermediate between the cortical and interior re-
gion, which is for a time active in many Endogens, here grows
continuously and indefinitely. Such trunks increase in diameter
throughout life; they may attain a very great age (as some
Dragon-trees have done) ; and they imitate exogenous trunks
to a considerable extent in mode of growth.

139. The wood of an endogenous woody stem is hardest and
most compact at the circumference; in palm-stems commonly
it is largely mixed with parenchyma or pith at the centre, even
in old trunks.

140. The Exogenous Structure, that of ordinary wood, is char-
acterized by the formation of a distinct zone of wood between a
central cellular medullary portion (pith) and an outer chiefly
cellular portion (bark), traversed by plates from the pith (medul-
lary rays), and by increasing from the outer surface of this zone
between wood and bark, the increase in enduring stems consist-
ing of definite concentric annual layers.

141. Its Beginming, at the earliest growth of the embryo, is in
the appearance of a few ducts (Fig. 125, f~/), at definite points
in the common parenchyma of the initial stem (four equidistant
ones in the Sugar Maple) ; each is soon surrounded by incipient

(X7
@@§

128 129

proper wood-cells (Fig. 125, b, c), together forming a fibro-vascular
bundle or thread. Additional ones are intercalated as the second
and third internodes develop, and so a column (in cross-
section a ring) of wood is produced, always so arranged as to

FIG. 128. Diagram of a cross-section of a forming seedling stem, showing the
manner in which the young wood is arranged in the cellular system.

FIG. 129. The same at a later period, the woody bundles increased so as nearly to
fill the circle.

FIG. 130. The same at the close of the season, where the wond has formed a com-
plete circle, interrupted only by the medullary rays, which radiate from the pith to
the bark.
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surround a purely cellular central part (the pith), while sur-
rounded by a cellular external rind, the bark, or outer bark.
The diagrams (Fig. 128-130) rudely show some stages in the
formation of the zone of wood. The fibro-vascular bundles
originate in the bases of the leaves, and develop outward into the
forming leaves as well as downward into the forming stem. -
142. First Year’s Growth. The wood, even in a herbaceous
or annual stem, at the completion of the first year’s growth,
3 forms a zone or tube,
enclosing the pith. But
it is traversed by plates
(in cross-gection lines)
of parenchyma, or cel-
lular tissue of the same
nature as the pith,
which radiate from
that to the bark, and
thus divide the wood
into wedges. These
lines, forming what is
~called the silver-grain
in wood, are the MED-
ULLARY Rays. They
represent the cellular
system of the wood it-
self, or untransformed
parenchyma.  Being
pressed by the woody
wedges, their cells are
laterally flattened. In
some stems, the med-
ullary rays, or many
of them, are comparatively broad and conspicuous; in others,
thin and inconspicuous or irregular. The growth of the woody
wedges is soon complete, except at the outer portion, next
the bark: here they usually continue to grow through the
season ; that, is the wood grows externally. The general ana-

c
13

FIG. 131. Longitudinal and transverse section of a stem of the Soft Maple (Acer
dagycarpum), at the close of the first year’s growth; of the natural size.

FIG. 132. Portion of the same, magnified, showing the cellular pith, surrounded by
the wood, and that by the bark.

FIG. 133. More magnitied slice of the same, reaching from the bark to the pith:
a. part of the pith; b. vessels of the medullary sheath; c. the wood ; d, d. dotted ducts in
the wood; ¢, e. annular ducts; f. the liber, or inner fibrous bark; g. the cellular envelope,
or green bark; k. the corky envelope; 4. the skin or epidermis; &. one of the medullary
ruys, seen on the transverse section.
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tomical structure of a woody exogenous stem of a year old is
displayed in the Fig. 131-133. Viewing the parts particularly,
and in order from centre to circumference, there is, —

1st. The Pith or Medulla, consisting entirely of soft and rather
large thin-walled cells,’ gorged with sap or other nourishing
matter during the growing state, becoming light, dry, and empty
when effete.

2nd. The Layer of Wood, traversed by the medullary rays. In
Pines and other Coniferz, the wood is of uniform structure, being
wholly composed of a woody tissue with peculiar markings (Fig.
125, d, ¢) : in other wood, ducts of one or more sorts occur ; the
most conspicuous being what are termed dotted ducts. These
are so large as to be evident to the naked eye in many ordi-
nary kinds of wood, especially where they are accumulated in
the inner portion of the layer, as in the Chestnut and Oak. In
the Maple, Plane, &c., they are rather equably scattered through
the annual layer, and are too small to be seen by the naked eye.
Next the pith, 7. e. in the very earliest formed part of the wood,
some spiral ducts are uniformly found, and this is the only part
of the exogenous stem in which these ordinarily occur. They
may be detected by breaking a woody twig in two, after dividing
the bark and most of the wood by a circular incision, and then
pulling the ends gently asunder, when their spirally coiled fibres
are readily drawn out as gossamer thrcads. As these spiral
ducts form a circle immediately surrounding the pith, they have
collectively been termed the medullary sheath, but they hardly
deserve a special name. The vertical section in Fig. 133 divides
one of the woody wedges, and shows no medullary ray ; but there
is one at the posterior edge of the transverse section. But, in the
much more diagramatic Fig. 134, the section is made so as to show
the surface of one of these plates, or medullary rays, passing hori-
zontally across it, connecting the pith (p) with the bark (4).
These medullary rays form the silver-grain (as it is termed), which
is so conspicuous in the Maple, Oak, &c., and which gives the
glimmering lustre to many kinds of wood when cutin this direc-
tion. A section made as a tangent to the circumference, and
therefore perpendicular to the medullary rays, brings their ends
to view, as in Fig. 135, much as they appear on the surfacc of a
piece of wood from which the bark is stripped. They are here
seen to be composed of parenchyma, and to represent the horizon-

1 In rare instances, a few fibro-vascular threads are found dispersed
through the pith, presenting a somewhat remarkable anomaly. This
occurs in Aralia racemosa, and more strikingly in Mirabilis and other
Nyctaginaces, and in Piperaces. (133, foot-notc.)
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tal system of the wood, or the woof, into which the vertical woody
fibre, &c., or warp, is interwoven. The inspection of a piece of oak
or maple wood at once shows the pertinency of this illustration.

» 134 1 135

38rd. The Bark or rind. This at first consisted of simple
parenchyma, like that of the pith, except for the green color
developed in it, the same as that which gives verdancy to foliage.
This green matter is formed in the cells of all such parts when
exposed to light, consists of green grains of somewhat complex
chemical composition, has important functions to perform in
assimilation (7.e. in the conversion of the plant’s crude food into
vegetable matter), and is named CHLOROPHYLL, ¢. e. leaf-green.
The completed bark, when all its parts are apparent, as espe-
cially in most trees and shrubs, is composed of three strata, of
which the green bark, the most conspicuous in the young shoot,
is the middle layer, therefore named the MesopuL®UM. This is
soon covered, and the green color obscured, by a superficial
stratum of cells, generally of some shade of ash-color or brown,
occasionally of brighter tints, which gives to the twigs of trees
and shrubs the hue characteristic of each species, the Corky
‘ENVELOPE or layer, or EpipaL®&UM. The latter name denotes its
external position ; the former, that it is the layer which, when
much developed, forms the cork of Cork-Oak and those corky
expansions which are so conspicuous on the twigs of the Sweet
‘Gum (Liquidambar), and on some of our Elms (Ulmus alata
and racemosa). It also forms the paper-like exfoliating layers
of Birch-bark. It is composed of laterally flattened parenchy-
matous cells, much like those of the Epmpermis (Fig. 133, 1),
which directly overlies it, and forms the skin or surface of the

FIG. 134. Vertical section through the wood of a branch of the Maple, a year old,
so as to show one of the medullary rays, passing transversely from the pith (p) to the
bark (b): magnified. Bnt a section can seldom he made so as to show ane unbroken
plate stretthing across the wood, as in this instance.

IIG. 135. A vertical section across the ends of the madullary rays: magnified.
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stem, and of the whole plant. Lastly, the inner bark, accord-
ingly named ENDOPHLECUM, takes the special name of LiBER, and
is the most important portion of the bark in the stems of trees
and shrubs. Complete and well-developed liber, like that of

Linden or Basswood, contains two peculiar kinds of cells in
B o w
r \YJ AY4 M

1359 wr
addition to common parenchyma, both of the fibrous or vascular
class: viz., 1. CRIBRIFORM or SIEVE-CELLS, a sort of ducts the
‘walls of which have open slits, through which they communicate
with gach other; 2. Bast or Basrt-ceLLs, the fibre-like cells
which- give to the kinds of inner bark that largely contain them

FI1G. 1352. Portion of a transverse section (above), and a corresponding vertical sec-
tion (below), magnitied. reaching from the pith (p) to the epidermis (¢) of a stem of
Negundo, a year old: B. the bark; W. the wood; and C. the cambium-layer, as found
in February. The parts referred to by small letters are: p. a portion of the pith:
mr. small portion of a medullary ray where it runs into the pith; four complete med-
ullary rays as seen on a transverse section, appear in the upper figure, ranning from
pith to bark : ms. mednllary sheath, a circle of spiral unrollable ducts,one seen length-
wise with uncoiling extremity in the lower figure: w0, w. woody tissue: dd. one of the
dotted ducts interspersed in the wood: cl. cambium-layer or zone of new growth of
wood and inner bark: 7-b. liber or inner bark, the inner portion of which is here cellular,
the omter (b) composed of slender and thick-walled bast-cells or true liber-cells:
ge. green envelope or inner ccliular bark: ce. corky envelope or outer cellular bark:
e. epidermis.
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their strength and toughness. They are like wood-cells except
in their greater length and flexibility, and in the thickness of
their walls, which greatly exceeds the calibre. This is the
material which gives to the dast or inner bark of Basswood, &c.,
the strength and pliability that adapts it for cordage and for
making mats: it is the material of linen, and the like textile
fibres. (For a view of the whole composition and structure of a
woody stem at the close of the first year’s growth, and immedi-
ately before that of the second year begins, see Fig. 135°%.)

143. Annual Increase in Diameter. An herbaceous stem does
not essentially differ from a woody one of the same age, except
that the wood forms a less compact or thinner zone; and the
whole perishes, at least down to the ground, at the close of the
season. But a woody stem makes provision for continuing its
growth from year to year. As the layer of wood continues to
increase in thickness throughout the season, by the multiplication
of cells on its outer surface, between it and the bark, and when
growth ceases this process of cell-multiplication is merely sus-
pended, so there is always a zone of delicate young cells in-
terposed between the wood and the bark. This is called the
CamsiumM, or, better, the CaMpiuM-LAYER. It is charged with
organizable matter, which is particularly abundant and mucila-
ginous in spring when growth recommences. This mucilaginous
matter was named Cambium by the older botanists: they sup-
posed — as is still popularly thought — that the bark, then so
readily separable, really scparated from the wood in spring, thata
quantity of rich mucilaginous sap was poured out between them
and became organized into a tissue, the inner part becoming new
wood, the outer, new bark. But delicate slices show that there
is then no more interruption of the wood and inner bark than
at any other season. The bark, indeed, is then very readily
detached from the wood, because the cambium-layer is gorged
with sap; but such separation is effected by the rending of a
delicate forming tissue. And if some of this apparent mucilage
be scraped off from the surface of the wood, and examined under
a good microscope, it will be seen to be a thin stratum of young
wood-cells, with the ends of medullary rays herc and there in-
terspersed. The inner portion of the cambium-layer is therefore
nascent wood, and the outer is nascent bark. As the cells of
this layer multiply, the greater number lengthen vertically into
woody tissue: some are transformed into ducts; and others,
remaining as parenchyma, continue the medullary rays or com-
mence new ones. In this way, a second layer of wood is formed
the second season over the whole surface of the former layer
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between it and the bark ; and this is continuous with the woody
layer of the new roots below and of the leafy shoots of the sea-
son above. Each succeeding year another layer is added to the
wood in the same manner, coincident with the growth in length
by the development of the buds. A cross-section of an exoge-
nous stem, therefore, exhibits the wood disposed in concentric
rings between the bark and the pith; the oldest lying next the
latter, and the youngest occupying the circumference. Each
layer being the product of a single year’s growth, the age of an
exogenous tree may, in general, be correctly ascertained by
counting the rings in a cross-section of the trunk.!

144. Demarcation of the Annual Layers results from two or more
causes, separate or combined. In oak and chestnut wood, and
the like; the layers are strongly defined by reason of the accumu-
lation of the large dotted ducts (here of extreme size and in
great abundance) in the inner portion of each layer, where their
open mouths on the cross-section are conspicuous to the naked
eye, making a strong contrast between the inner porous and the
exterior solid part of the successive layers. In maple and beech
wood, however, the ducts are smaller, and are dispersed through-
out the whole breadth of the layer; and in coniferous wood, viz.
that of Pine, Cypress, &c., there are no ducts at all, but only a
uniform woody tissue of a peculiar sort. In all these, the de-
marcation between two layers is owing to the greater fineness of
the wood-cells formed at the close of the season, viz. those at
the outer border of the layer, while the next layer begins, in its

1 The annual layers are most distinct in trees of temperate climates like
ours, where there is a prolonged period of total repose, from the winter’s
cold, followed by a vigorous resumption of vegetation in spring. In tropical
trees, they are rarely so well defined; but even in these there is generally a
more or less marked annual suspension of vegetation, occurring, however,
in the dry and hotter, rather than in the cooler season. There are numerous

" cases, moreover, in which the wood forms a uniform stratum, whatever be
the age of the trunk, as in the arborescent species of Cactus; or where the
layers are few and by no means corresponding with the age of the trunk, as
in the Cycas.

In many woody climbing or twining stems, such as those of Clematis,
Aristolochia Sipho, and Menispermum Canadense, the annual layers are
rather obscurely marked, while the medullary rays are unusually broad;
and the wood, therefore, forms a series of separable wedges disposed in a
circle around the pith. In the stem of Bignonia capreolata, the annual rings,
after the first four or five, are interrupted in four places, and here as many
broad plates of cellular tissue, belonging properly to the bark, are inter-
posed, passing at right angles to each other from the circumference towards
the centre, so that the transverse section of the wood nearly resembles a
Maltese cross. But these are exceptional cases, which scarcely require
notice in a general view.
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vigorous vernal growth, with much larger cells, thus marking
an abrupt transition from one layer to the next. Besides being
finer, the later wood-cells of the season are commonly flattened
antero-posteriorly, probably by growing under greater pressure.

145. Each layer of wood, once formed, remains essentially
unchanged in position and dimensions. But, in trunks of con-
siderable age, the older layers undergo more or less change in
color, density, perviousness to moisture, &c. ,

146. Sap-wood (ALBURNUM). In the plantlet and in the
developing bud, the sap ascends through the whole tissue, of
whatever sort : at first through the parenchyma, for there is then
no other tissue ; and the transmission is continued through it,
especially through its central portion, or the pith, in the growing
apex of the stem throughout. But, in the older parts below, the
pith, soon drained of sap, becomes filled with air in its place,
and thenceforth it bears no part in the plant’s nourishment. As
soon as wood-cells and ducts are formed, they take an active
part in the conveyance of sap, for which their tubular and ca-
pillary character is especially adapted. But, the ducts in older
parts, except when gorged with sap, contain air alone; and in
woody trunks the sap continues to rise year after year to the
places where growth is going on, mainly through the proper
woody tissue of the wood. In this transmission, the new layers
are most active ; and these are in direct communication with the
new roots on the one hand and with the buds or shoots and leaves
of the season on the other. So, by the formation of new annual
layers outside of them, the older ones are each year removed a
step farther from the region of growth; or rather the growing
stratum, which connects the fresh rootlets that imbibe with the
foliage that elaborates the sap, is each year removed farther from
them. The latter, therefore, after a few years, cease to convey
sap, as they have long before ceased to take part in any vital
operations. The cells of the older layers, also, usually come to
have thicker walls and smaller calibre than those of the newer.
Thus arises a distinction — sometimes obscurely marked, some-,
times abrupt and conspicuous —into sap-wood and hkear:-woad.
The former is the popular name given to the outer and newer
layers of softer, more open, and bibulous wood. The early physi-
ologists named it alburnum from its white or pale color. Being
more or less sappy, or containing soluble organic matter, and
readily imbibing moisture, this part of the wood is liable to decay,
and it is therefore discarded from timber used for construction.

147. Heart-wood (or DURAMEN, so called from its greater hard-
ness or durability) is the older and mature portion of the wood.
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In all trees which have the distinction between the sap-wood and
heart-wood well marked, the latter acquires a deeper color, and
that peculiar to the species, such as the dark brown of the Black
Walnut, the blacker color of the Ebony, the purplish-red of Red
Cedar, and the bright yellow of the Barberry. 'These colors are
owing to special vegetable products, or sometimes to alterations
resulting from age. In the Red Cedar, the deep color belongs
chiefly to the medullary rays. In many of the softer woods, there
is little change in color of the heart-wood, except from incipient
decay, as in the White Pine, Poplar, Tulip-tree, &c. The
heart-wood is no longer in any sense a living part : it may perish,
as it frequently does, without affecting the life or health of the
tree.

148. The Growth and Duration of the Bark, also the differences
in structure, are much more various than of the wood. Moreover,
the bark is necessarily subject to grave alterations with advanc-
ing age, on account of its external position; to distention from
the constantly increasing diameter of the stem within, and to
abrasion and decay from the influence of the elements without.
It is never entire, therefore, on the trunks of large trees; but
the dead exterior parts, no longer able to enlarge with the en-
larging wood, are gradually fissured and torn, and crack off in
strips or pieces, or disappear by slow decay. So that the bark
of old trunks bears only a small proportion in thickness to the
wood, even when it makes an equal amount of annual growth.

149. The three parts of the bark (142), for the mest part
readily distinguishable in the bark of young shoots, grow inde-
pendently, each by the addition of new cells to its inner face, so
long as it grows at all. The green layer commonly does not
increase after the first year ; the opaque corky layer soon excludes
it from the light ; and it gradually perishes, never to be renewed.
The corky layer usually increases for a few years only, by the
formation of new tabular cells : occasionally it takes a remarkable
development, forming the substance called Cork, as in the Cork
Uak, and the thin and parchment-like layers of the White and
Paper Birches.

150. The liber, or inner bark, continues its growth through-
out the life of the exogenous tree, by an annual addition from:
the cambium-layer applied to its inner surface. Sometimes this:
growth is plainly distinguishable into layers, corresponding with-
or more numerous than the annual layers of the wood: often,
there is scarcely any trace of such layers to be discerned. In
composition and appearance, the liber varies greatly in different
plants, especially in trees and shrubs. That of Basswood or
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Linden, and of other plants with a similar fibrous bark, may be
taken as best representing the liber. Here it consists of alter-
nate strata of fibrous bast, and of the peculiar liber-cells called
sieve-cells, in which nourishing matter is especially contained
and elaborated. While the latter, or their equivalents, occur
and play an important part in all inner bark, the bast-cells are
altogether wanting in the bark of some plants, and are not pro-
duced after the first year in many others. The latter is the case
in Negundo, where abundant bast-cells, like those of Basswood,
compose the exterior portion of the first year’s liber, but none
whatever are formed in the subsequent layers. In Beeches and
Birches, also, a few bast-cells are produced the first year, but
none afterwards. In Maples, a few are formed in succeeding
years. In the Pear, bast-cells are annually formed, but in very
small quantity, compared with the parenchymatous part of the
liber. In Pines, at least in White Pines, the bark is nearly as
homogeneous as the wood, the whole liber, except what answers
to the medullary rays, consisting of one kind of cells, resembling
those of bast or of wood in form, but agreeing with the proper
liber-cells in their structure and markings.

151. The bark on old stems is constantly decaying or falling
away from the surface, without any injury to the tree; just as
the heart-wood within may equally decay without harm, except
by mechanically impairing the strength of the trunk. There are
great differences as to the time and manner in which the older
bark of different shrubs and trees is thrown off. Some have
their trunks invested with the liber of many years’ growth,
although only the innermost layers are alive ; in others, it scales
off much earlier. On the stems of the common Honeysuckle, of
the Nine-Bark (Spireea opulifolia), and of Grape-vines (except
Vitis vulpina), the liber lives only one season, and is detached
the following year, hanging loose in papery layers in the former
species, and in fibrous shreds in the latter.

152. While the newer layers of the wood abound in crude sap..
which they convey to the leaves, those of the inner bark abound
in elaborated sap, which they receive from the leaves and convey
to the cambium-layer or zone of growth. The proper juices and
peculiar products of plants are accordingly found in the foliage
and the bark, especially in the latter. In the bark, therefore
(either of the stem or of the root), medicinal and other principles
are usually to be sought, rather than in the wood. Nevertheless,
as the wood is kept in connection with the bark by the medullary
rays, many products which probably originate in the former are
deposited in the wood.
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153. The Living Parts of a tree or shrub, of the exogenous
kind, are obviously only these: 1st, The summit of the stem
and branches, with the buds which continue them upwards and
annually develop the foliage. 2d, The fresh roots and rootlets
annually developed at the opposite extremity. 3d. The newest
strata of wood and bark, and especially the interposed cambium-
layer, which, annually renewed, maintain a living communication
between the rootlets on the one hand and the buds and foliage
on the other, however distant they at length may be. These are
all that is concerned in the life and growth of the tree ; and these
are annually renewed. The branches of each year's growth are,
therefore, kept in fresh communication, by means of the newer
layers of wood, with the fresh rootlets, which are alone active in
absorbing the crude food of the plant from the soil. The fluid
they absorb is thus conveyed directly to the branches of the sea-
son, which develop leaves to digest it. And the sap they receive,
having been elaborated and converted into organic nourishing
matter, is partly expended in the upward growth of new branches,
and partly in the formation of a new layer of wood, reaching
from the highest leaves to the remotest rootlets.

154. Longevity of trees. As the exogenous tree, therefore,
annually renews its buds and leaves, its wood, bark, and roots,
— every thing, indeed, that is concerned in its life and growth, —
there seems to be no necessary cause, inherent in the tree itself,
why it may not live indefinitely. Some trees are known to have
lived for one and two thousand years, and some are possibly
older.! Equally long may survive such endogenous trees as the
Dragon tree (Draceena), which have provision for indefinite in-
crease in diameter (138), and for the production of branches.
The famous Dragon tree of Orotava, in Teneriffe, now destroyed
by hurricanes and other accidents, had probably reached the age
of more than two thousand years.

155. On the other hand, increase in height, spread of branches
and length of root, and extension of the surface over which the
annual layer is spread, are attended with inevitable disadvantage,
which must in time terminate the existence of the tree in a way
quite analogous to the death of aged individual animals, which
is not directly from old age, but from casualties or attacks to

1 The subject of the longevity of trees has been discussed by DeCandolle,
in the “Bibliothéque Universelle ” of Geneva, for May, 1831, and in the second
volume of his “ Physiologie Végétale;” more recently, by Alphonse DeCan-
dolle in the “ Bibliotheque Universelle ;” and in this country by myself in the
“ North American Review,” for July, 1844. For an account of the huge Red-
woods (Sequoias) of California, see Whitney’s Yosemite Book.
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which the aged are either increasingly incident or less able to
resist. A tree like the Banyan (59, Fig. 71), which by aerial
roots continues to form new trunks for the support and sustenance
of the spreading branches, and thus ever advances into new soil,
has a truly indefinite existence; but, then, it becomes a forest,
or is to be likened to a colony propagated and indefinitely in-
creased by suckers, offsets, or other subterranean shoots. So
the question of the secular continuation of the individual plant
becomes merged in that of continuation of the race, — at least of
a bud-propagated race, — the answer to which is wholly in the
domain of conjecture.! However this may be, it is evident that
a vegetable of the higher grade is not justly to be compared with
an animal of higher grade; that individuality is incompletely
realized in the vegetable kingdom ;2 that rather

156. The Plant is a Composite Being, or Community, lasting, in
ithe case of a tree, through an indefinite and often immense num-
ber of generations. These are successively prodaced, enjoy a
term of existence, and perish in their turn. Life passes onward
continually from the older to the newer parts, and death follows,
with equal step, at a narrow interval. No portion of the tree is
now living that was alive a few years ago; the leaves die annu-
ally and are cast off, while the internodes or joints of stem that
bore them, as to their wood at least, buried deep in the trunk
under the wood of succeeding generations, are converted into
lifeless heart-wood, or perchance decayed, and the bark that
belonged to them is thrown off from the surface. It is the aggre-
gate, the blended mass alone, that long survives. Plants of
single cells, and of a definite form, alone exhibit complete indi-
viduality ; and their existence is extremely brief. The more
complex vegetable of a higher grade is not to be compared with
the animal of the highest organization, where the offspring always
separates from the parent, and the individual is simple and ndi-
visible. But it is truly similar to the branching or arborescent
coral, or to other compound animals of the lowest grade, where
successive generations, though capable of living independently
and sometimes separating spontaneously, yet are usually devel-
oped in connection, blended in a general body, and nourished
more or less in common. Thus, the coral structure is built up
by the combined labors of a vast number of individuals, — by
the successive labors of many generations. The surface or the
reeent shoots only are alive; beneath are only the dead remains

1 See Darwiniana, xii. 338-355.

2 As, perhaps, was first explicitly stated by Engelmann, in Lis inaugural
essay, De Antholysi Prodromus, Introduction, § 4.
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of ancestral generations. As in a genealogical trze, only the
later ramifications are among the living. The tree ditfers from
the coral structure in that, as it ordinarily imbibes its nourish-
ment mainly from the soil through its roots, it makes a downward
growth also, and, by constant renewal of fresh tissues, maintains
the communication between the two growing extremities, the
buds and the rootlets. Otherwise, the analogy of the two, as to
individuality, is well-nigh complete.

SectioN 1V. Orf Leaves.
§ 1. THEIR NATURE AND OFFICE.

157. Leaf (Lat. Folium, in Greek form Phyllum), as a botani-
cal term, has on the one hand a comprehensive, on the other a
restricted sense. In its commonest sense, as used in descriptive
botany, it denotes the green blade only. Yet it is perfectly
understood that the footstalk is a part of the leaf, and therefore
that the phrase ‘¢ leaves cordate,” or the like, is a short way of
saying that the blade of the leaf is cordate or heart-shaped.
Moreover, two appendages, one on each side of the base of the
footstalk, when there is any, are of so common occurrence that
they are ranked as a proper part of the organ. So that, to the
botanist, a typical leaf consists of three parts: 1, BLADE or
LayiNa; 2, Foor-sTALK or LEAF-sTALK, technically PETIOLE;
3, A pair of StipuLes. (Fig. 142.)

158. The blade, being the most important part of an ordinary
leaf, may naturally be spoken of as the whole. Petiole and

- stipules are indeed subsidiary when present, and are not rarely
wanting. Yet sometimes they usurp the whole function of foli-
age, and sometimes there is no such distinction of parts.

159. Physiologically, leaves are green expansions borne by the
stem, outspread in the air and light, in which assimilation (3)
and the processes connected with it are carried on. Vegetable
assimilation, — the most essential function of plants, being the
conversion of inorganic into organic matter, —takes place in
all ordinary vegetation only in green parts, and in these when
exposed to the light of the sun. And foliage is an adaptation.
for largely increasing the green surface. But stems, when green,
take part in this office in proportion to the amount of surface,
sometimes monopolize it, and in various cases increase their
means of doing so by assuming leaf-like forms. (126-129.)
Leaves, especially in such cases, may lose this function, appear
only as useless vestiges, or may be subservient to various wholly
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different uses. Form and function, therefore, are not sure indi-
cations of the true nature of organs.

160. Morphologically, and in the most comprehensive sense,
leaves are special lateral outgrowths from the stem, definitely
and symmetrically arranged upon it; in ordinary vegetation and
in the most general form constituting the assimilating apparatus
(or foliage), but also occurring in other forms and subserving
various uses. Sometimes these uses are combined with or sub-
sidiary to the general function of foliage ; sometimes the leaf is
adapted to special uses only. So the botanist — recognizing the
essential identity of organs, whatever their form, which appear
in the position and conform to the arrangement of leaves —
discerns the leaf in the cotyledons of a bean or acorn, the scale of
a lily-bulb or the coat of an onion, the scale of a winter bud, and
the petal of a blossom. Therefore, while expanded green leaves
(which may be tautologically termed foliage-leaves) are taken as
the proper type, the common name of leaves, in the lack of any
available generic word, is in morphological language extended to
these special formg whenever it becomes needful to express their
phylline or foliar nature.

161. In the morphological view, all the plant’s organs except-
ing roots (and excepting mere superficial productions, such as
hairs, prickles, &c.), belong either to stem or to leaves, are
either cauline or phylline in nature. To the latter belong all the
primary outgrowths from nodes, all lateral productions which
are not axillary.! Whatever is produced in the axil of a leaf is
cauline, and when developed is a branch.

162. The Duration of Leaves is transient, compared with that
of the stem. They may be fugacious, when they fall off soon
after their appearance; deciduous, when they last only for a
single season ; and persistent, when they remain through the cold
season, or other interval during which vegetation is interrupted,
and until after the appearance of new leaves, so that the stem is
never leafless, as in Erergreens. In many evergreens, the leaves
have only an annual duration ; the old leaves falling soon after
those of the ensuing season are expanded, or, if they remain
longer, ceasing to bear any active part in the economy of the
vegetable, and soon losing their vitality altogether. In Pines
and Firs, however, although there is an annual fall of leaves
either in autumn or spring, yet these were the produce of some

1 There are cases in which this rule is of difficult application, or is seem-
ingly violated, sometimes by the suppression of the subtending leaf, as in the
inflorescence of Crucifer®, rarely in other ways, to be explained in the
proper places.
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season earlier than the last; and the branches are continually
clothed with the foliage of from two to five, or even ten or more
successive years. On the other hand, it is seldom that all the
leaves of an herb endure through the whole growing season, the
earlier foliage near the base of the stem perishing while fresh
leaves are still appearing above. In our deciduous trees and
shrubs, however, the leaves of the season are mostly developed
within a short period, and they all perish in autumn nearly
simultaneously.

163. Leaves soon complete their growth, and have no power
of further increase. DBeing organs for transpiration, a very large
part of the water imbibed by the roots is given out by the foliage,
leaving dissolved earthy matters behind. Assimilation can take
place only in fresh and vitally active tissue. It is incident to all
this that leaves should be of only transient duration, at least in
their active condition.

164. Defoliation. The leaves of most Dicotyledons and some
Monocotyledons separate from the stem and fall by means of an
articulation at the junction with the stem, which begins to form
early in the season and is completed at the close. There is a kind
of disintegration of a transverse layer of cells, which cuts off the
petiole by a regular line, and leaves a clean scar, such as is seen
in Fig. 81, 85, 91. Some lea\ es, notably those of Palms,
Yucca, and other endogens, die and wither on the stem, or wear
away without falling.

165. In temperate climates, defoliation mostly takes place at
the approach of winter. In warmer climates having only winter
rain, this occurs in the hot and dry season.

166. Normal Direction or Position. The leaf-blade is expanded
horizontally, that is, has an upper and an under surface. When
erect, the upper surface faces the axis which bears it. To this,
there are many seeming but no real exceptions; that is, none
which are not explicable as deviations or changes from the normal
condition. (213-217.)

§ 2. THEIR STRUCTURE AND ForMs A8 ORGANS OF ASSIMILATION
_ orR VEGETATION, i. e. AS FOLIAGE.

167. The Internal Structure or Anatomy of the leaf needs here
to be examined so far as respects its obvious parts and their
general composition. The leaf, like the stem, is composed of
two elements (131), the cellular and the woody. The cellular
portion is the green pulp or parenchyma, and in this the work
of assimilation is carried on. The woody is the fibrous frame-
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work, the separate parts or ramifications of which form what are
variously called the r/bs, — a sufficiently proper term, — nerves or
weins. 'The latter names may suggest false analogies ; but they
are of the commonest use in descriptive hotany. That of veins,
and of its diminutive, veinlets, for the smaller ramifications, is
not amiss; for the fibrous framework not only gives firmness
and support to the softer cellular apparatus, <. e. forms ribs,
but serves in the leaf, as it does in the stem, for the more rapid
conveyance and distribution of the sap. The subdivisions con-
tinue beyond the limits of unassisted vision, until the fibro-vas-
cular bundles are reduced to attenuated fibres ramified through
the parenchyma. In leafstalks, the woody bundles are parallel,
not ramified, and arranged in various ways; in Exogens usually
so as to form in cross-section an arc or an incomplete or com-
pletering. In leaves serving as foliage or organs of assimilation,
the blade is the important part, and this only is here regarded.
168. The characteristic contents of these cells of parenchyma
are grains of chlorophyll (142%), literally leaf-green, to which
the green color of foliage is wholly owing, and which may be
regarded as the most important of all vegetable products;
because it is in them (or in this green matter, whatever its form,
189) that all ordinary assimilasion takes place. As it acts only
under the influence of light, the expanded leaf-blade may be
viewed as an arrangement for exposing the largest practicable
amount of this green matter — the essential element of vegeta-
tion — to the light and air.
169. The Parenchyma-cells, constituting the green pulp, are
S o Vg th.emse!\'es arra}lged in accordance
Fi i with this adaptation. The upper stra-
tum is mostly of oblong cells, compactly
arranged in one or more layers, their
longer diameter perpendicular to the
~surface. The stratum next the lower
surface of the leaf consists of loosely
arranged cells, with longer diameter
; usually parallel to the plane of the leaf,
b 00O s often irregular in form, and so disposed
as to leave intervening sinuous air-spaces frecly permeating all

FIG. 136. A magnified section through the thickness of a leaf of Illicium Flori-
danum, showing the irregular spaces or passages between the cells, which are small in
‘the upper layer of the green pulp, the cells of which (placed vertically) are well com-
pacted, 80 as to leave only minute vacuities at their rounded ends; but the spaces are
large and copious in the rest of the leaf, where the cells are very loosely arranged:
also the epidermis or skin of the upper (a) and of the lower surfice of the leaf (b,
composed of perfectly combined and thick-walled empty cells,
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that part of the leaf. (Fig. 136, 137.) Hence in good part the
deeper green hue of the upper, and the paler of the lower face
of leaves.

170. Epidermis. The whole surface of leaves, as of young
stems, is invested with a translucent membrane, composed of
one or sometimes two or three layers of empty and rather-
thick-walled cells. This is the skin or epidermis, which is so
readily separable from the succulent tissue of such leaves as
those of Stonecrop and other species of Sedum. It is of a single
layer in the Illicium (Fig. 136) and Lily (Fig. 137); of as
many as three in the firm leaf of the Oleander; is generally

187
hard and thick in such coriaceous leaves as those of Pittosporum
and Laurustinus, which thereby the better endure the dry air of
rooms in winter.

171. Stomata or Breathing-pores.! The epidermis forms a
continuous protective investment of the leaf except where certain
organized openings occur, the stomata. They are formed by a
transformation of some of the cells of the epidermis ; and consist
usually of a pair of cells (called guardian-cells), with an opening
between them, which communicates with an air-chamber within,
and thence with the irregular intercellular spaces which permeate
the interior of the leaf. Through the stomata, when open, free
interchange may take place between the external air and that

1 The technical name has been anglicized stomates, singular stomate, which
has no advantage over the proper Greek, sing. stoma, pl. stomata.
FIG. 137. A magnified section through the thickness of a minute piece of the leaf

of the White Lily of the gardens, showing also a portion of the uvder side with some
breathing-pores, stomata.
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within the leaf, and thus transpiration be much facilitated.
When closed, this interchange will be interrupted or impeded.
The mechanism of stomata is somewhat
recondite, and will be illustrated in the
anatomical and physiological volume of
this series. -

172. 1t is only when leaves assume
a vertical or edgewise position that the
stomata are in. equal numbers on both
faces of a leaf. Ordinarily, they occupy
or most abound on the lower face, which
is turned away from the sun; but in certain coniferous trees the
reverse of this is true. Inthe Water Lilies (Nymphsea, Nuphar),
and other leaves which float
upon the water, the stomata all
belong to the upper surface.
Leaves which live under water,
where there can be no evapora-

140 ” tion, are destitute, not only of
stomata, but usually of a distinct epidermis also. The number
of the stomata varies from 800 to about 170,000 on the square
inch of surface in different leaves. In the Apple, there are said
to be about 24,000 to the square inch (which is under the average
number, as given in a table of 36 species by Lindley) ; so that
each leaf of that tree would present about 100,000 of these
orifices. The leaf of Dragon Arum is said to have 8,000
stomata to a square inch of the upper surface, and twice that
number in the same space of the lower. That of the Coltsfoot
has 12,000 stomata to a square inch of the lower epidermis,
and only 1,200 in the upper. That of the White Lily has
from 20,000 to 60,000 to the square inch on the lower sur-
face, and perhaps 3,000 on the upper; and they are so re-
markably large that they may be discerncd Dy a simple lens of
an inch focus.

172. Venation, the veining of leaves, &c., relates to the mode
in which the woody tissue, in the form of ribs, veins, &c., is
distributed in the cellular. There are two principal modes, the
parallel-veined and the reticulated or netted-veined. The former
is especially characteristic of plants with endogenous stem and
monocotyledonous embryo, and also of gymnospermous trees,

FIG. 138. A highly magnified piece of the epidermis of the Garden Dalsam, with
three stomata (after Brongniart).

FI1G. 139. Magnitied view cf the 10,000th part of a square inch of the epidermis of
the lower surface of the leaf of the White Lily, with its stomata. 140. A single stoma,
more magnified. 141. Another stoma, widely open.
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which have exogenous stems and at least dicotyledonous
embryos. The latter prevails in ordinary plants with exogenous
stem and dicotyledonous embryo.

173. Parallel-veined or Nerved leaves (of which Fig. 143 is
an illustration) have a framework of simple ribs (called by the
earlier botanists nerves, a name still used in descriptions), which
run from the base to tip, or sometimes from a central strong rib
to margin of the leaf, in a generally parallel and undivided way,
and sending off or connected by minute veinlets only. Grasses,

Lily of the Valley, and the like, illustrate the commoner mode
in which the threads of wood run from base to apex. The
Banana and Canna are familiar illustrations of a mode not un-
common in tropical or subtropical endogens, in which the threads
or ‘‘merves” run from a central rib (midrib) to the margin.
Parallel-veined leaves are generally entire, or at least their
margins not toothed or indented. The principal exception to
this occurs when the ribs or the stronger ones are few in number
and radiately divergent, as in the flabelliform leaves of Fan-
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Dasal-nerved, that is, with the nerves all springing from the
base of the leaf, and

Costal-nerved, springing from a midrib or costa. Either may be

Rectinerved, the nerves running straight from origin to apex
or margin of the leaf, as the case may be;

Curvinerved, when curving in their course, as in the leaves
of Funkia and in Canna;

Flabellinerved, where straight nerves and ribs radiate from the
apex of the petiole, as in Fan-palms and the Gingko tree.

174. In typical parallel-veined leaves, all reticulation is con-
fined to minute and straight cross-veinlets: in many, these are
coarser, branching, and reticulated ; in some, as in Smilax and
Dioscorea, only the primary ribs or strongest nerves are on the
parallel-veined plan ; the space between being filled with reticu-
lations of various strength ; thus passing by gradations into

175. Reticulated or Netted-veined leaves. In most of these,
from one to several primary portions of the framework are
particularly robust, and give origin to much more slender ram-
ifications, these to other still smaller ones, and so on. The
strong primary portions are Riss (coste) ; the leading ramifi-
cations, VEINs (vene) ; the smaller and the ultimate subdivisions,
VEINLETS (venule). All or some of the veins and veinlets are
said to anastomose, t. e. variously to connect with those from
other trunks or ribs, apparently in the manner of the veins and
arteries of animals, forming meshes. But, as there is no opening
of calibre of one into-another, the word is etymologically rather
misleading. More properly, it is said that the veins or veinlets
form reticulations or net-work. A primary division of reticulated
leaves, and indeed of nerved leaves also, into two classes, is
founded upon the number of primary ribs.

176. There may be only a single primary rib ; this traversing
the blade from base to tip through its centre or axis (as in Fig.
142, 152-156) is called the MipriB. There may be others, gen-
erally few (one, two, three, or rarely four), rising from the apex
of the petiole on each side of the midrib, running somewhat par-
allel with it or more or less diverging from it: these are lateral
ribs. Among parallel-veined leaves, the Banana, Canna, &c.,
have a single rib, from which the veins (in the older nomencla-
ture here called nerves) all proceed. Most Lilies and the like
have several approximately parallel ribs, but the midrib pre-
dominant : in other cases, the midrib is no stronger than the
others. In Fan-palms, the ribs are radiately divergent, giving
a fan-shaped or rounded outline to the blade. In reticulated
leaves, in which the veins all spring from the ribs, the twe
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classes into which they divide are the pinnately veined and the
palmately veined.

177. Pinnately or Feather-veined (or Penninerved) leaves
are accordingly those of which the veins and their subdivisions
are side branches of a single central rib (midrib), which traverses
the blade from base to apex; the veins thus being disposed in
the manner of the plume on the shaft of a feather. (Fig. 142,
152, &ec.) Sometimes these continue straight and undiminished
from midrib to margins (straight-veined, as in Beech and Chest-
nut, Fig. 152), sending off only small lateral veinlets ; some-
times they ramify in their course into secondary or tertiary veins,
and these into veinlets. Pinnate venation in reticulated leaves
naturally belongs to leaves which are decidedly longer than wide.

178. Some of the primary veins, commonly among the lower,
may be stronger than the rest, and thus take on the character of
ribs, or by gradations pass into such. The leaf of the common
annual Sunflower (Fig. 155) becomes in this way triple-ribbed or
tripli-nerved. The appearance of a second pair of such strength
cned veins makes the venation quintupli-ribbed or quintupli-nerved.

Through the approximation of such strong veins to the base of
the blade, this venation may pass into the

179. Palmately, Digitately, or Radiately Veined (or Palmi-
nerved) class, of which leaves of common Maples and the Vine
are familiar examples. (Also Fig. 158-160, &c.) In these

FIG. 144-157. Various forms of simple leaves, explained in the text and in the
Glossary.
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there are three, five, seven, or sometimes more ribs of equal
strength, the central being the midrib, and each with its system
of veins which ramify and form meshes in the interspaces. Here
the whole woody portion of the leaf divides equally into a num-
ber of parts upon leaving the petiole or entering the blade. The
ribs there commonly diverge more or less in a palmate or digitate
manner (4. e. like outspread fingers of the hand, or the claws of a
bird, or like radii of more or less of a circle) : so, in the corre-
lation of outline and venation, this class of veining goes with

162 163 164 165 166

roundish circumseription. This is not so true, however, in a
special case, viz., where the ribs, however divergent below, curve
forward and all run to the apex of the blade, thus imitating the
parallel-veined system, as in Rhexia and generally in the family
of which that genus is the single northern representative.!

180. Forms as to Outline, &e. DeCandolle conceived the shape
of leaves (both the general circumscription and the special con-
figuration) to depend on the distribution of the ribs and veins,
and quantity of the parenchyma in which these were outspread,
—-a too mechanical view, and not conformable to the history of
development. This proves that the framework is adapted to the
parenchyma, which grows and shapes the organ in its own way,
rather than the parenchyma to it. It were better to say that the

1 In Linnean terminology, palmate and digitate referred to particular out-
line only, and were separately used to denote extent of division,— palmate, not
divided down to the petiole, digitate, when divided, like the claws of a bird,
quite down the base. DeCandolle generalized the use of the former term,
and ever since the two have been used interchangeably.

FIG. 158-166. Various forms of simple, chiefly palmately veined leaves.
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two elements of the structure are correlated. Descriptive terms
applied to leaves are equally applicable to all expanded organs
or parts, and indeed to all outlines. Some leading forms are
here enumerated ; and all are defined in the Glossary.

181. As to general Circumscription, proceeding from narrower
to broader shapes, and then to those with either narrowed or
notched base, leaf-blades are

10908

Linear, when narrow, several times longer than wide, and of
about the same breadth throughout. (Fig. 167.) '

Lanceolate, or Lance-shaped, when several times longer than
wide, and tapering upwards (Fig. 153, 168), or tapering both
upward and downward.

Oblung, when nearly twice or thrice as long as broad. (Fig. 169.)

Elliptical, oblong with a flowing outline, the two ends alike
in width. (Fig. 170.)

Oval, the same as broadly elliptical, or elliptical with the
breadth considerably more than half the length.

Ovate, when the outline is like a section of a hen’s-egg length-
wise, the broader end being downward. (Fig. 171, 155.)

Orbicular, or Rotund, circu-
lar in outline, or nearly so. A s
(Fig. 160.)
Obovate, inversely ovate, or
ovate with the narrower end
toward the base, the broader

upward. (Fig. 175, 145.) ns 15 176
. Cuneate, or Cuneiform, that is, Wedge-shaped, broad above and
tapering by straight lines to an acute base. (Fig. 176, 148.)

Spatulate, rounded above, long and narrow below, like a
spatula. (Fig. 174, 147.)

Oblanceolate, inverted lance-shaped, 7. e. such a lanceolate
leaf as that of Fig. 168, but with the more tapering end at base,
as in Fig. 173. To those who restrict the term lanceolate to the
sense of a narrow leaf tapering equally in both directions, the

FIG. 167-176. Outlines of varionsa simple leaves.
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term oblanceolate is superfluous. The following terms desig-
nate leaves with a notched instead of narrowed base.

Cordate, or Heart-shaped, when a leat of an ovate form, or
something like it, has the outline of its rcunded base turned in
(forming a notch or sinus) where the stalk is attached, as in
Fig. 172, 151. Also Fig. 149, Pontederia, a leaf of the parallel-
veined class.

Reniform, or Kidney-shaped, like the last, only rounder and
Ibroader than long. (Fig. 158.)

Auriculate, or Eared, having a pair of small and blunt pro-
Jjections, or ears, at the base, as in Magnolia Fraseri, Fig. 178.

Sagittate, or Arrow-shaped, where guch ears are acute and turned

N downwards, while the
\ / main body of the blade
tapers upwards to a
point, as in the com-
mon species of Sagit-
taria or Arrow-head,
and in the Arrow-
leaved  Polygonum.
(Fig. 165, 177.)

Hastate, or Halberd-
shaped, when such
lobes at the base point outwards, giving the leaf the shape of the
halberd of the olden time, as in Polygonum arifolium (Fig. 179)
and Sorrel, Fig. 163.

182. Peltate or Shield-shaped leaves are those in which a blade
of rounded or sometimes of other shape is attached to the petiole
by some part of the lower surface, instead of the basal margin:
those of Water-shield or Brasenia, of Nelumbium, and of Hydro-
cotyle umbellata are marked examples. The anomaly is mor-
phologically explained by a comparison with deeply cordate or
reniform leaves having a narrow sinus, such as those of Nym-
phaea or Water Lily, and by supposing a union of the approxi-
mated edges of the sinus. Fig. 159 and 160, from two species
of Hydrocotyle, one with open and the other with closed sinus
obliterated by the union, illustrate this.

183. As to Extremity, whether base or apex, there are several
descriptive terms, expressive of the principal modifications ;
such as

Acuminate, tapering, either gradually or abruptly, into a
narrow more or less prolonged termination. (Fig. 180.)

N\

179

FIG. 177-179. Sagittate, auriculate, and hastate leaves.
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Arute, ending in an acute angle, without special tapering, as
in Fig. 181.

Obtuse, ending with a blunt or roundish extremity, Fig. 182.

Truncate, with termination as if cut off by a straight transverse
line, as in Fig. 183.

Retuse, with an obtuse extremity slightly depressed or re-enter-
ing, as in Fig. 184. '

Emarginate, with a more decided terminal notch, Fig. 185.

Obcordate, inversely heart-shaped, ¢. e. like cordate, but the
broader end and its strong notch at apex instead of base, Fig.
186. " This and the following terms are applicable to apex only.

Mucronate, abruptly tipped with a small and short point, like a
projection of the midrib, as in Fig. 188. '

Cuspidate, tipped with a sharp and rigid point, as in Fig. 187.

184. As to Margin or special Outline, the terminology proceeds
upon the convenient supposition of a blade with quite entire margin,
but subject to incisions, which give rise to notches or clefts, if we
regard the sinuses ; or to teeth, lobes, segments, &c., if we regard
the salient portions between the gjnuses. The ribs, or the stronger
veins, &c., commonly terminate in the teeth or lobes ; but in Cicuta
maculata, and in a few other cases, they run to the notches.

185. Dentation relates to mere marginal incision, not extend-
ing deeply into the blade. The blade is said to be

Entire,) when : '
the margin is com- _lﬁ )
pletely filled out sl
to an cven line, as N
in Fig. 173-179.

Serrate, when
with small and
sharp teeth direct-
ed forward, like
the teeth of a saw, n
as in Fig. 189. "ll

Serrulate is the ‘
diminutive of serrate, and is equivalent to minutely serrate.

1 Integerrimus-a-um, or quite entire, is the term in Latin terminology. Inte
ger means undivided or not lobed.

. FIG. 180-188. Terminations of leaves.
FIG. 189-194. Dentation of pinnately veined leaves.
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Dentate, or Toothed, a general term for toothing, specially
applied to the case of salient teeth which are not directed for-
ward or towards the apex of the blade, Fig. 190.

Crenate, or Scalloped, the same as dentate or serrate, but with
teeth much rounded, Fig. 191.

Repand, or Undulate, when the margin is a wavy line, bending
slightly inward and outward, Fig. 192.

Sinuate, when this wavy line is stronger or distinctly sinuous,
as in Fig. 193.

Incised, when cut by sharp and irregular incisions more or less
deeply, Fig. 194. This is intermediate between dentation and

186. Lobation or Segmentation. When the blade is more
deeply penetrated by incisions from the margin, that is, when
the spaces between the ribs or principal veins are not filled to
near the general outline, it is said to be lobed, cleft, parted, or
divided, according to the degree of separation ; and the portions
are called lobes, segments, divisions, &c. The most general name
for such parts of any simple blade is that of lvbes. More par-
ticularly a lcaf-blade, or other body, is said to be

Lobed, when the division extends not more than half way down,
and either the sinuses or the lobes are rounded ;

Cleft, when the division is half way down or more, and the
lobes or sinuses narrow or acute ;

Parted, when the divisions reach almost, but not quite, to the
base or the midrib ;

Divided, when they sever the blade into distinct parts, which
makes the leaf compound. (193.)

187. Losk is the common name of one of the parts of a simple
blade, especially when there is only one order of incision. But
when there are more, as when a leaf is divided or parted and
these primary lobes again lobed or cleft, the lobes of first order
are commonly called SEGMENTs (sometimes divisions or partitions),
and the parts of these, Lobes. Or the lobes may be designated
as primary, secondary, tertiary, &c. Ultimate portions or small
lobes may be called Lobules or Lobelets. Also the portions of a
quite divided blade take the name of Leaflets. By proper selec-
tion of terms, the degree of division or lobing may thus be
expressed in a single word.

188. As to Number of parts, this may be tersely expressed by
combination with the adjective term applicable to the degree ; as,
Two-lobed, Three-lobed, Five-lobed, Many-lobed, &c. ; or Two-Five-
cleft, Many-cleft, &c., in Latin form Bifid, Trifid, Multifid, &e. ;
Two—five-parted, &c., according to the number of divisions
which extend almost to the base or axis; Two—Fiue-divided (in
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Latin form Bisected, Trisected, &c.), when there are two or three
or more complete divisions of the blade.

189. As to Arrangement of parts, this may be simply and best
expressed by taking into account the nature of the venation or
the distribution of the ribs, &ec., which controls or is co-ordinated
with the disposition of the lobes. Pinnately veined leaves,
when lobed, must needs have the incisions directed to the mid-
rib ; palmately-veined or radiated, to the apex of the petiole.
The lobes or divisions of the first will be pinnately, of the second

108
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palmately disposed. Accordingly, the three leaves of as many
species of Oak, Fig. 195, 196, and 197, represent respectively a
pinnately lobed, pinnately cleft, and pinnately parted leaf, while the
accompanying leaf of Celandine, Fig. 198, is pinnately divided.
The first three, however, when the degree of incision is not par-
ticularly in question, usually pass under the common term of
pinnatifid, Fig. 195 moderately, Fig. 197 deeply. The number
of lobes, when definitely marked, may come into the descriptive
phrase, as pinnately 7-lobed, pinnately 7-clefl, parted, or divided,
as the case may be.

190. Similarly, Figures 199 to 202 represent, respectively, a
palmately three-lobed, three-cleft, three-parted, and three-divided, or,
in Latin form, trilobate, trifid, tripartite, and trisect or trisected
leaf. Fig. 166 is a palmately 5-parted leaf; Fig. 164, palmately

F1G. 195-198. Pinnately lobed, cleft, parted, and divided leaves.
PFI1Q. 199-202. Palmately 3-lobed, cleft, parted, and divided leaves.
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multifid, &c. Fig. 162, a leaf of Dragon Arum, is palmately
9-parted. But, as the lateral sinuses are not so deep as the
others, the leaf is said .to be pedately parted, or pedate, in the
early terminology.

191. Moreover, as the lobes or divisions of a leaf may be
again similarly lobed or parted, &c., this composition may be
indicated by the prefix twice, thrice, &c., as twice pinnatifid or
bipinnatifid, thrice pinnately parted, thrice palmately parted, and
the like. Thus, a word or two, or a short phrase, may describe
even a complex leaf, so as to convey a’ perfectly clear and defi-
nite idea of its conformation.

192. A distinction should now be drawn between simple and
compound leaves. The distinction cannot be both natural and
absolute ; for the one may pass variously into the other. Simple
leaves, which have been thus far considered, have a single lamina
or blade, which may, however, at one extreme be entire, at the
other many-parted, and even several times divided.

193. Compound Leaves are those which have from two to
many distinct blades, on a common leafstalk. These blades,
called LEAFLETS, may be sessile on the common leafstalk, or they
may have leafstalks of their own. As the leaf very commonly
separates in age by an articulation of its petiole with the stem,
80 leaflets are commonly more or less articulated with the com-
mnon petiole. When the leaf, with its petiole, falls from the
stem, the leaflets may as completely separate from the common
petiole. They do not always do this. Divided leaves, such as
those of Fig. 198 and 202, though ranked among the simple
sorts, are compound in the sense of having distinct blades,
but without articulation. Some of these blades are apt to be
confluent ; that is, a divided leaf is often in part merely parted,
as in the upper portion of Fig. 198. Such leaves are so inter-
mediate between simple and compound that it becomes inditfer-
ent, or a matter of convenience to be settled by analogy, under
which head or by what language they shall be described. How-
ever, most leaves are so constituted as to leave no doubt whether
they are simple or compound.

194. The leaflets of a compound leaf being homologous with
the lobes or segments of a simple leaf, indeed being such segments
fully isolated, the two sorts fall under the same types. A pin-
nately veined simple leaf is the homologue of onc kind of com-
pound leaf; a radiately veined leaf, of the other. That is,
compound leaves are either pinnate or palmate.

195. Pinnate Leaves (Fig. 203-205) are those in which the
leaflets are arranged along the sides of a petiole, or rather of its
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prolongation, the RracHrs, which answers to the midrib of a pin-
nately veined simple leaf. There are three principal sorts, and
some subordinate ones. That is, a pinnate leaf may be

Impari-pinnate, or pinnate with an odd leaflet, 7. e. a terminal
one, as in Fig. 203 ; and this is the commoner case.

Cirrkiferous Pinnate, or pinnate with a tendvil (Fig. 204), as
in the proper Pea tribe and Bignonia. Ilere cither the termi-
nal leaflet only, or the upper lateral leaflets also, are replaced
by tendrils.

Pari-pinnate, or Abruptly Pinnate, destitute of a terminal leaflet
or of any thing answering to it, as in Fig. 205.

Interruptedly Pinnate denotes merely a striking inequality of
size among the leaflets : Lyrately Pinnate, one in which the termi-
nal leaflet is largest and the lower small.

196. Palmate or Digitate Leaves (Fig. 206, 93) are those in
which the leaflets all stand on the
summit of the petiole. Digitate
(fingered) was the old name, when
the term palmate was restricted to
a simple but palmately lobed leaf
of this type. But since the time
of DeCandolle the two names have
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Lupines. More commonly there are only five to nine, or only
three, rarely two, or even a single one.

197. Number of leaflets may be indicated by an adjective
expression composed of the proper Latin numeral prefixed to
Joliolate (Foliolum, diminutive of folium, answering to leaflet).
Thus, bifoliolate, of two leaflets; trifoliolate, of three leaflets;
guadrifoliolate, of four ; quinquefoliolate, of five : plurifoliolate, or
multifoliolate, of several or numerous leaflets, &c. These terms
are still more descriptive when accompanied by the word pin-
nately or palmately, indicative of the kind of compound leaf; as,
palmately or digitutely trifoliolate (common Clover-leaf, Fig. 211),
or d-foliolate, as in Buckeye (Fig. 206), and so on. Also, pinnately
16-foliolate, as in Fig. 205, or 17-foliolate, as in Fig. 203 ;
pinnately trifoliolate, as in Phaseolus, and in the low Hop-Clover,
Trifolium procumbens.?

198. But, in either class of compound leaves, the leaflets may
be reduced to a minimum number. A pinnately trifoliolate leaf
is one of the impari-pinnate kind reduced to three leaflets, to one
pair and the odd one; and this is distinguished from a palmately
trifoliolate leaf by the attachment of the pair at some distance
below the apex of the petiole, and by the articulation above this,
which marks the junction of the terminal leaflet’s petiole (or its
base, if sessile) with the rhachis or common petiole.

199. Unifoliolate compound leaves (by no means a direct con-
tradiction 1n terms) are by this articulation distin-
guished from simple leaves which they simulate.
See the leaf of the common Barberry, Fig. 207.
In other specics, of the Mahonia section, the leaves
are all pinnately 3-9-foliolate, with well-developed
common petiole : in the true Berberis, they are all
thus reduced to the terminal and long-petiolulate
leaflet, on an almost obsolete petiole. Orange and
Lemon leaves are in similar casc, but with the joint
close to the blade. A comparison with near rela-

27 tives shows that these are also unifoliolate leaves
of the pinnate kind ; though this could not be ascertained by
inspection.

200. Decompound or Twice and Thrice Compound Leaves. These
are to once pinnate or once palmate leaves what the latter are to

1 In pinnate leaves, each leaflet usually has its opposite fellow, and the
number may be indicated by the pairs, as unijugate, bijugate, trijugate, and
plurijugate, according to the number of juga, or pairs.

FIG. 207. Unuifoliolate leaf of Berberis vulgaris, with partial petiole articulated to
the extremely short true petiole.
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simple leaves. As leaflets may be toothed, lobed, or parted, so
what answers to a single leaflet may appear as leaflets of a second,
or again of a third, or even of a fourth order. Decompound is a
good general name for all more than once compounded leaves ;

but the name has been applied rather to irregularly many-times
parted or dissected leaves (such as those of Dicentra), or to
those more than thrice compounded. Of regularly twice or
thrice compound leaves, the commonest are the

Bipinnate or Twice Pinnate, of ordinary
occurrence in the Mimoseous and C:esalpi-
neous, but not in the Papilionaceous, Legu-
minose. Fig. 208 represents a bipinnate leaf
of the Honey Locust (Gleditschia), with the
variation (common with that tree) that some
of the partial petioles, in this figure only the
lowest, bears a single leaflet, while the others
are extended into secondary rhachises fur-
nished with numer-
ous leaflets, mostly
in the abruptly pin-
nate style. On the
same tree, the earlier
leaves, which are
clustered on short
spurs, are simply
pinnate. The large 2
leaves of Gymnocladus are similarly and abruptly bipinnate,

TIG. 208. A bipinnate and multifoliolate leaf of Gleditschia or Honey Locust.
FIG. 299. Bipinnate leaves of Sensitive Plant, Mimosa pudica, with approximate
pinne.
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except at the base, which is simply pinnate or with one or two
pairs of simple leaflets.

Tripinnate or Thrice Pinnate leaves of a regular sort are rare ;
but, with some irregularity, they occur in many species, as in
Aralia, &c. This extent of division, and even much greater, is
common in Ferns.

Digitate-Pinnate is where the primary division of the petiole is
on the palmate or digitate plan ; the secondary, on the pinnate.
This seems to be the case in the Sensitive Plant, Mimosa pudica,
Fig. 209. But the leaf is here truly bipinnate with the pnmary
divisions very crowded at the apex of petiole.

Conjugate-Pinnate is the same arrangement, with the primary
divisions a single pair, at the apex of the petiole, and the leaflets
pinnately arranged on these.

Digitately or Pualmately Decompound in a nearly regular way

is not an uncommon case.
~ Usually, the petiole is succes-
sively three-forked, as in Fig.
210, when the leaf is said to
be biternate (twice ternate),
triternate (thrice ternate), or
quadriternate (four times ter-
nate), &c., according to the
number of times it divides, or
2-3—4-tvmes ternately compound.
The ultimate divisions in such
cases of threes are commonly of the pinnately trifoliolate type.

201. Pinn® is a convenient name for the partial petioles of a
bipinnate leaf, taken together with the leaflets that belong to
them. -Thus, the Sensitive Plant, Fig. 209, has four pinne, or
two pairs; the Honey Locust, Fig. 208, a greater number.
When such leaves are still further compounded, the pinnge of
higher order, or the ultimate ones, take the diminutive term of
PinnvLa or PinnuLes.  The blades these bear are the Leaflets.

202. The Petiole or Leafstalk is a comparatively unessential
part of the leaf. It is often wanting (then the blade is sessile) ;
it may be absent even in compound leaves of the palmate type,
the leaflets rising side by side from the stem. When present, it
is usually either round, or half-cylindrical and channeclled on the
upper side. In the Aspen, it is flattened at right angles with
the blade, so that the slightest breath of air puts the leaves in
motion. Sometimes it is much dilated and membranaceous at

FIG. 210. Quadri-ternately compound or ternately decompound leaf of Thalictrum
Cornuti. .
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base, as in many umbelliferous plants; sometimes it forms a
sheath, occasionally it is bordered with appendages, &c. Peti-
oles may assume special functions, to be hereafter considered.
The woody and vascular tissue runs lengthwise through the
petiole, in the form usually of a definite number of parallel
threads, to be ramified in the blade. The ends of these threads
are apparent on the base of the leafstalk when.it falls off, and on
the scar left on the stem, as so many round dots (Fig. 81, 85,
91), of a uniform number and arrangement in each species.

203. Partial Petioles are the divisions of the petiole in a
compound leaf. The footstalk of a leaflet takes the diminutive
name of PETIOLULE.

204. Stipules (157) are lateral appendages, one each 51de of
the base of the petiole, sometimes free
from it and from each other (Fig.
142), sometimes attached by one
cdge to its base (Fig. 211), some-
times united with each other into a
single body (Fig. 212) in various
ways or degrees. In the latter case,
they usually appear to be within the
base of the leaf or leafstalk; or, as
in the Plane-tree, they may be joined
into one over against the leaf, as
if opposite to it, but their normal
position is supposed to be lateral or
marginal to the petiole. Sometimes
they are foliaceous in appearance and
in function ; sometimes they are dry
and colorless or scale-like, reduced to
mere epidermal tissue, and evidently
functionless ; sometimes (as in Mag-
nolia, Fig. 81, Fig-tree, and Beech),
they serve as bud-scales, and fall when
the leaves develop ; sometimes they are
reduced to a mere bristle, or take the ns
form of a spine, as in the Locust (Roblma) Between salient
expansions or wing-like margins of the base of the petiole,
such as those of the Saxifrage tribe, and stipules adnate to the
margins of the petiole, as in most Rosacea, there is no clear
limitation. But presence or absence of stipules generally runs

PIG. 211, Clover-leaf, with adnate stipules. 212. Ochreate stipules (oclirea or ocrea:
of Polygouum orientale, sheathing the stem for some distance, and ending in a spread-
ing border.



106 MORPHOLOGY OF LEAVES."

through a naturai order. Yet what are called stipules in one order
may pass for expansions or appendages of the petiole in another.
In Spergularia, some stipules are connate around the base of the
pair of leaves, including them as well as the stem in the sheath.!

205. Stipules, which are normally a pair, may unite into one
body, either adnate to the inner face of the leaf, as in some
species of Potamogeton, or united opposite the leaf, as in Plane-
tree, or united ¢nter se in a sheath, as-in Polygonum. Also when
the leaves are opposite and the stipules thus brought into prox-
imity, the adjacent half stipules of the two leaves may coalesce,
and present the appearance of only two stipules to two leaves,
as in many Rubiacez. A notch or fork at the apex often
indicates the composition.

206. Sheathing stipules, like those of Polygonum (Fig. 212),
are said to be ochreate, or (better) ocreate; the sheath, thus
likened to a leggin or the leg of a boot, is an OCHREA, as written
by Willdenow, or better OcrEa.

207. The LicuLE of Grasses (Fig. 150) is seemingly a thin and
scarious extension of the lining to the sheath which answers to
petiole in such leaves : it projects at the junction of the sheath
and blade, there forming a kind of ocrea; and it is generally
regarded as a sort of stipule.

208. Stipels (Stipella) are as it were stipules of leaflets, which
are common in certain tribes of Papilionaceous Leguminose, e. g.
in the Phaseole®, in Wistaria, Locust, &c. ; also in Staphylea.
They are small and slender, and, unlike stipules, they are single
to each leaflet, except to the terminal one, which has a pair. As
leaves furnished with stipules are said to be stipulate, so leaflets
with stipels are st/pellate.

209. Some unusual modifications of leaves as foliage. In
leaves as illustrated thus far, it is the lamina or blade which is
expanded to do the work of foliage; which is expanded hori-
zontally, so as to present upper and under surfaces, one to the
sky, the other to the ground; which is bilaterally symmetrical
or substantially so, the two lateral halves being nearly if not
quite alike ; and which is affixed to the stem at the basal margin,
or some part of it, with or without a petiole. Various deviations
or apparent deviations from this pattern occur. Some of them are
of comparatively small account and simple explanation, such as

216. Inzquilateral Leaves, being unsymmetrical by the much
greater development of one side. This is illustrated in the
whole genus Begonia (as in Fig. 161), consisting of many spe-

! As pointed out by Prof. A. Dickson, in Nature, xviii. 507.
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cies, some of which are moderately, and most of them strikingly,
oblique in this way. Elm-leaves, and the like, are more or less
inesequilateral at the base.

211. Connate and Perfoliate Leaves. These are explained by
the union of con-
tiguous leaf-edges.
Peltate leaves, to
which a paragraph
has already been
given (182), come
under the same

“head; the seeming
attachment of the
petiole to the lower
face of the blade
being the result of
a congenital union
of the edges of the
sinus. In a sessile
leaf, when such a 214
union takes place, it surrounds and encloses that portion of the
stem ; which is thus perfoliute. (Fig.
213, 214.) It is the stem which is
literally perfoliate, ¢.e. which seem-
ingly passes through the leaf; but it
is customary, though etymologically
absurd, to call this a perfoliate leaf!
Uvularia perfoliata (Fig. 213), in the
later growth of the season, reveals the
explanation of the perfoliation: the
base of the lower leaves conspicuously |
surrounds and encloses the stem : that
of the upper is merely cordate and
clasping ; the uppermost simply ses-
sile by a rounded base. Baptisia
perfoliata (Fig. 214) is a more
strongly marked case of perfoliation.
But there are good morphological 205
reasons for inferring that this seemingly simple leaf consists of
a pair of stipules and a leaflet combined. An occasional mon-
strosity verifies this supposition.

FIG. 213. Leafy branch of Uvularia perfoliata.

FIG. 214. Leafy and flowering branch of Baptisia perfoliata.

FIG. 215. Lonicera flava, a wild Honeysuckle, connate-perfoliate as to the upper
leaves.
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212. When leaves are opposite, the perfoliation (such as that
of Honeysuckles, Fig. 215) is obviously the result of a congeni-
tal union of the bases of the pair by their contiguous edges.
Leaves connate in this way by narrow bases are not rare nor
remarkable ; but when the two are thus coalescent into one broad
foliaceous body, giving this appearance of perfoliation, the term
connate-perfoliate is used to express it.

213. Vertical Leaves, those with blades of the ordinary kmd
but presenting their edges instead of their faces
to the earth and sky, or when erect with one
edge directed to the stem and the other away
from it, are not uncommon. They prevail in
the Australian Myrtaces, &c., and occur with
less constancy in the Californian Manzanitas,
and in a great variety of herbs and shrubs. The
gnomaly involves no exception to the rule that a
leaf-blade is always expanded in the horizontal
plane, when expanded at all ; for, except in equi-
tant leaves, it is the result of a twist of the petiole
or of the blade itself.! In strongly marked
cases, or in most of them, the organization of
the epidermis and superficial parenchyma and
the distribution of the stomata are the same on
both faces.

214. Equitant Leaves are vertical on a different
plan. They are conduplicate, 7. e. are folded

=

217
together lengthwise on their middle, the uppel suxface thus con-
cealed within, the outer alone presented to the air and light.

1 Silphium laciniatum, the so-called Compass Plant, and (hardly less so)
S. terebinthinaceum, are good instances of the kind, most of the leaves
making a half-twist, the radical ones by their long petioles. In the former
species, the pinnately parted blade occasionally makes a farther twist, so as
to bring the upper part into a plane at right angles to the lower. The
blades place themselves in various directions as respects the cardinal points;
but on the prairies the greater number affect a north and south direction of
their edges,—a peculiarity first pointed out, in the year 1842, by General
B. Alvord, U. S. A.

FIG. 216. Equitant erect leaves of Iris, with the rootstock.
FIG. 217. A section across these leaves at the base, showing the equitant character.
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Being two-ranked and closely ¢rowded, the outer ones at their
base fold over or bestride the inner (as shown in the sectional
diagram, Fig. 217), whence the name of equitant. Above, the
contiguous halves of the inner face congenitally cohere, and so
produce the sword-shaped or linear vertical blade which is
characteristic of Iris (Fig. 216) and the Iris family. In most
there is a farther complication, of an excep-
tional kind, viz. the development backwards
of a portion of blade from the midrib, often
forming most of the upper part of such leaves,
which therefore may really be said to develop
in the vertical plane.

215. Leaves with no distinction of Parts, ¢. e.
of blade and petiole. This is the case in Iris
(Fig. 216), Daffodil, the Onion, and perhaps
of most parallel-veined lcaves of Endogens.
Those expanded in the horizontal plane may
however be regarded as sessile blades: thosc
which are not expanded, but filiform, or needle-
shaped (actcular), or awl-shaped (subslate), may
be regarded cither as homologous with petioles,
or as unexpanded blades, which amounts nearly 28
to the same thing where there is no trace of a petiole at basc.
Under this head may be ranked the lea\ es of Pines (Fig. 248) ;
also both the subulate and the
scale-shaped and adnate leaves
of Arbor Vite, Red Cedar (Juni-
perus Virginiana), and other trees
of the Cypress tribe. (Fig. 218.) ©

216. Stipules serving for Blade.
Lathyrus Aphaca is a good in-
stance of this (Fig. 219); the
petiole becoming a tendril, the
leaflets which its relatives bear
being wholly wanting, the ample
folinceous stipules assume the
appearance of leaves. In some
other species of Lath) rus, and in the Pea, equally large stlpules
share with the pair or pairs of leaflets in the functions of foliage.
On morphological evidence, we judge that the singular leaves of

FIG. 218. A twig of Arbor Vitee, with both awl-shaped und scale-shaped leaves,

FIG. 219. Lathyrus Aphaca: portion of stem, bearing a single leaf, which consists
of a pair of foliaceous stipules, and a petiole in the form of a tendril; in its axil a
flower-stalk.
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Baptisia perfoliata, shown in Fig. 214, are not simple blades,
but each a pair of stipules, with or without a terminal leaflet, all
completely confluent into one body. The related species of the
genus have trifoliolate leaves and foliaceous stipules ; hence these
simple leaves without stipules are best explained in this way.

217. Phyllodia, or Petioles serving for Blade. Sometimes the
petiole develops foliaceous margins, or wings, as in the Bitter
Orange and in Rhus copallina. These are efficient as foliage in
proportion to their size. These are not to be confounded with the
case in which a petiole specially develops as a blade-like organ,
which usurps the office of foliage. A petiole-blade of this kind
is named a PuyLropruM. Occurring only in Exogens, phyllodia
are generally distinguished from true blades by the parallel
venation, and always by their normally vertical dilatation; ¢.e.
they, without a twist, present their edges instead of their faces to
the earth and sky. The common and most familiar phyllodia are
those of Acacias in Australia (IFig. 223, 224), where they form
the adult foliage of over 270 out of less than 300 species. The
true lamina of these is bipinnate. It appears on seedlings, and
occasionally on later growths. Several South American species of
Oxalis produce phyllodia. So likewise do our tubular or trumpet-
leaved species of Sarracenia in that portion of the foliage which
develops the pitcher imperfectly, or not at all. Indeed, all
Sarracenia-leaves are phyllodia with the back in most of them
hollowed out into a tube or pitcher; and the terminal hood
answers to the blade.

§ 3. LravEs SERVING SpECIAL OFFICES.

218. Leaves may serve at the same time both their ordinary
and some special use, or even more than one special use. For
example, in Nepenthes (Fig. 222) there is a well-developed
blade, usually sessile, which serves for foliage, a prolongation of
its tip into a tendril, which serves for climbing, then an extraor-
dinary dilatation and hollowing of the apex of this into a pitcher
for a very special use, and a peculiar development of the apex
of this into a lid, closing the orifice during growth. Among the
special purposes which leaves subserve, and the study of which
connects singularities of morphology with teleology, the most
remarkable is that of

219. Leaves specialized for the Utilization of Animal Matter.
This occurs in leaves which also assimilate, or do the ordinary
work of vegetation ; and the special function is usually taken up
by some particular portion of the organ. The details of this
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subject — which has of late become highly interesting'— belong
to physiology, and therefore to the following volume, to which

all historical references are relegated. Only the morphology of
such leaves is here under consideration.
220. As Ascidia or Pitchers, vessels for maceration, &c. These
.occur in several widely different
families of plants. The commonest
are those of the Sarracenias, natives
of Atlantic North America. They
are evidently phyllodia (217), the
cavity being a hollowed dorsal por-
tion : the wing-like or foliaceous por-
tion, always conspicuous and forming
the ventral border, makes the whole
organ or most of it in the earlier
leaves of the tubular species. The
pitchers of S. purpurea (Fig. 221,
225), the only species which extends
north of Virginia, are open cups,
half filled with water, much of which
may be rain, in which abundance of
insects are usually nndergoing macer- 225
ation. In 8. variolaris (Fig. 226), the hooded summit, answer-
ing to the blade of the leaf, arches over the mouth in such wise

FIG. 220. Pitchers of Heliamphora; 221. of Sarracenia purpurea; 222, of Nepenthes.
223. A phyllodium of a New Holland Acacia. 224 The same, bearing a reduced com-

pound blade. .
FIG. 225. Pitchier-leaves of Sarracenia purpurea; one of them with the upper part

cut away.
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as to mostly exclude the rain; in S. psittacina (Fig. 227) the
inflexed and inflated hood completely excludes it. The water
which these contain is undoubtedly a secretion.
All entrap flies, ants, and various inseets, which
in most species are lured into the pitcher by a
sweetish secretion around or at some part of the
orifice. Few that have entered ever escape:
most are decomposed at the bottom of the cavity.
In Darlingtonia Californica (Fig. 228), the Cali-
fornian representative of Sarracenia, the inflated
hood guards against all access of rain, while the
orifice is freely open to flying insects from be-
neath ; and a singular two-forked appendage, like
to a fish-tail (probably the homologue of the
blade), overhangs the front. The inner face of
this appendage is besmeared with the sweet and
viscid secretion which allures insects to the open-
ing. In this and in Sarracenia variolaris, the
sweet secretion in the early season is ¢ontinued
upon the edge of the wing, forming a saccharine
trail which leads from near the ground up to the
orifice of the pitcher.? Fig. 220 represents pitchers
of Heliamphora, a little-known South American
representative of Sarracenia. Its wing is narrow
and inconspicuous, the mouth widely open and
directed upward, and the hood reduced to a
minute and upright, probably functionless ap-
28 pendage. In Cephalotus —an anomalous plant
of Australia, of uncertain affi-
nity — the leaves for foliage
are dilated phyllodia; among
them are others completely
transformed into stalked and
short pitehers, with thickened
rim and a well-fitting lid,
hinged by one edge, Fig. 229.
The particular morphology of the parts is not well made out.

! This sweet secretion, which at times is very obvious in the southern
species, has also been detected by Mr. Edward Burgess in S. purpurea ; but
it is rarely seen, and probably ptays no important part in the capture and
drowning of the multitude of insects which these pitchers are apt to contain.
- .2 This trail was discovered by Dr. J. H. Mellichamp, of South Carolina.
See Proc. Am. Association for Advancement of Science, xxiii. 113 ( 1871).

FIG. 226. Pitcher of Sarracenia variolaris. 227. Same of S. psittacina..



LEAVES SERVING SPECIAL OFFICES. 118

221. The pitcher-bearing leaf in Nepenthes has been referred
to (218, Fig. 222) : of this there are various species, all ef them
somewhat woody climbing
plants of tropical Asiatic
and African islands of
the southern hemisphere,
some of them familiar in
conservatory cultivation.
Here the tendril may be
regarded as a prolonged
extension of the midrib
of the blade, and the
pitcher, with its hinged
lid, as a peculiar development rom 1ts apex. The
water contained in the pitcher is a secretion, much
of which appears before the lid opens ; and a sweetish
excretion at the orifiee lures insects. The presence
of these in the piteher increases the watery secre-
tion in which the animals are drowned; and this
secretion is ascertained to have a certain digestive
power.!

222. The aquatic sacs of Utricularia or Bladder-
wort are diminutive ascidia, always under water, 28
and with lid opening inward, like a valve, preventing the exit
of minute animals entrapped therein.? Morphologically, they
are doubtless leaves or parts of leaves.

223. As Sensitive Fly-traps. The leaves of all species of
Drosera or Sundew are beset with stout bristles tipped with a
gland, which secretes and when in good condition is covered
by a drop of a transparent and very glairy liquid, sufficiently
tenacious to hold fast a fly or other small insect. Adjacent
bristles, even if not touched, in a short time bend towards those
upon which the insect rests, and thus bring their glands also
into contact with it. In Drosera filiformis, the leaves are fili-
form, with no distinction of petiole and blade. In D. rotundifolia
and other common round-leaved species, there is a clear distinc-

1 This was first made out by J. D. Hooker, and announced in his address,
as President of the British Association for the Advancement of Science, at
Edinburgh, 1871.

2 Darwin, Insectivorous Plants, 395. Cohn, Beitrige zur Biologie der
Pflanzen, 1875. Mrs. Treat, in The Tribune, New York, September, 1874,
and Gard. Chron. 1875, 303.

FI1G. 228. Pitcher of Darlingtonia Californica. 229. Pitcher of Cephalotus follicu-
Iaris, with lid open.
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tion of petiole and blade, and the stalked glands thickly beset
the whole upper surface of the latter. A small insect alighting
thereon is helpless, and is soon touched by all the glands within
reaching distance; also the blade itself commonly incurves,
taking part in the general movement. It has recently been
demonstrated that the captured insect is fed upon, and that the
plant thereby reccives nourishment. Here leaves which do the
normal assimilative work of vegetation, but somewhat feebly
(having a comparatively small amount of chlorophyll), have

also the power and the habit of obtaining ready-organized food
by capture, and are benefited by it.

224. Species of Drosera inhabit most parts of the world, and
the genus is numerous in species. A near relative, Dionza, is
of a single species, D. muscipula (Venus’s Fly-trap), inhabiting
only a limited district in the sandy eastern border of North
Carolina. It is more strikingly sensitive and equally carnivo-
rous, but in a different way. It is destitute of stalked and viscid
glands. The apparatus for capture and digestion is the two-
valved body at the top of each leaf. (Fig. 230, 231.) If this

FIG. 230. A plant of Dionsea muscipula, reduced in size. 231 Thrce of the leaves,
of aimost the natural size; one of them open, the others closed. Probably a fly is never
caught by the tecth, in the manner here represented.
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be taken for the leaf-blade, the part below would be a broadly-
winged foliaceous petiole. If the latter be the true blade, the
apparatus in question must be reckoned as a peculiar terminal
appendage. Both are moderately green, and act as foliage.
The specially endowed terminal portion acts also in a decidedly
animal-likc manner. When either of the three or four slender
bristles of the upper surface are touched, the trap suddenly
closes, by a movement ordinarily quick enough to enclose and
retain a fly or other small insect. The intercrossing of the stout
marginal bristles detains the captive, unless it happens to be
small enough to escape by the intervening little openings.
Otherwise, the sides soon flatten and are brought firmly into
contact, and a glairy secretion is pourcd out from numerous
immersed glands : this, with the extracted juices of the macerated
insect, is after some time reabsorbed ; the trap, if in a healthy
condition, now re-opens and is ready for another capture. For
references to the now copious literature of this whole subject, and
for its physiological treatment, the succeeding volume should be
consulted.

225. Leaves for Storage. Nutritive matter is stored in leaves.
in many cases, and not rarcly in leaves which at the 7 .
same time are subserving the purposc of foliage. /% AL

This occurs in all fleshy leaves, to a greater or less
extent, according to the degree of thickening or
accumulation. The leaves of the Century Plant
or Agave, for instance, are green and foliaccously
cfficient at the surface, while the whole interior is
a store-house of farinaceous and other nutritious
matter, as much so as is a potato. The leaves
of various specics of Aloe, Mesembryanthemum,
Sedum, and other ‘¢ succulent” plants (in which
a large part of the accumulation is water) are not
rarely so obese as to lose or much disguise the
foliaceous appearance. Sometimes one portion of
a leaf is of normal texture and use, while another
is used as a reservoir for the nourishment which the
foliaceous part has produced. Fig. 232, a leaf from
the bulb of White Lily, the base of which forms
one of the bulb-scales, is an instance of the kind.! The most

|

1 In Dicentra Cucullaria and (more strikingly from the sparseness of the
grains) in ID. Canadensis, the matter elaborated in the much dissected blade is
conveyed to the very base of the long petiole, and there deposited in a con-

FIG. 23‘2 A radical leaf of the White Lily, with its base thickened into a bulb-scale,
which is cut across to show its thickness. C :
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decigive instance of leaves used for storage of food is im that
material provision for the nourishment of the embryo in germi-
nation, in which the first leaves, the cotyledons, are turned to this
account. (21-37, &c.) After or
while discharging this special duty,
the cotyledons may fulfil their gen-
cral oftice, by serving as foliage (as
in Maples, Fig. 8, and Pumpkins,
Fig. 47) ; or, through various inter-
mediate conditions, they may be
wholly devoted to storage, as in
the Pea, Oak, Horsechestnut, &ec.
(Fig. 37-43.)

226. Leaves as Bulb-scales, how-
ever, are for the most part wholly
applied to this use, being leaves
reduced to short scales or to
concentric coats, and thickened
throughout by nutritive deposit.
The accumulation of such leaves
forms the mass of the bulb, as of
the Lily, Fig. 118, Onion, Fig.
113, &c., also of bulblets. (120.)

227. Leaves as Bud-seales, being
for protection of nascent parts, have
been explained under buds. (70.)
The evidence of foliar nature af-
forded by transition is well exhib-
ited by the Sweet Buckeye, although
the whole series of gradations, from
bud-scales to compound leaves,
is seldom seen united in one bud,
as in Fig. 233. 1In this case, the
bud-scales are homologous with
petioles. In Magnolia, they consist
of stipules (Fig. 81, 82) : in the
Lilac, they are homologous with leaf-blades. The two pairs of
bud-scales which subtend and protect through winter the nascent
head of flowers of Cornus florida are morphologically the apex of

centrated condition, in the form of a solid grain, which remains for next
year’s use, the whole leaf except this thickened base dying away at the close
of the short season’s growth.

FIG 233. Icaves of a developing bud of the Low Sweet Buckeye (Zsculus parvi-
flora), showing a nearly complete set of gradations from a scale to a compound leaf &
five leaflets.
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blades. When the blossoms develop in spring, these scales grow
from beneath, greatly expand, and become obovate or obcordate
petaloid leaves, the brown terminal notch
of which is the bud-scale, which was un-
able to take part in the vernal growth.
227°. Leaves as Spines. All gradations
may’ be found between spiny-toothed leaves
(asin Holly), in which teeth are pointed and
indurated, and leaves which are completely
contracted into a simple or multiple spine.
Indeed, such a transition is seen in the Bar-
berry, Fig. 234. The foliar nature of such
spines is manifest from their position, sub-
tending a bud from which the foliage of the
season proceeds, and themselves not sub-
tended by any organ. In some Astragali,
the petiole of a pinnate leaf indurates into
a slender spine and. persists, the leaflets
early falling. The spine in Fouquiera is a
portion of the lower side of the petiole or N
midrib, indurated and persistent, the rest 7
of the leaf separating by splitting when it
has served its office.! bl
228. Leaves adapted to €limbing. Some plants climb by the
action of the stem or of certain branches specially adapted to
this purpose (99) : others gain the needf
support by means of their leaves (101) ; som
times by an incurvation of the tips, either c
a simple blade as in Gloriosa, or small parti.
blades, as in Adlumia, and often in Clemati:
thereby grappling the support ; sometimes t
the petiole making a turn or two around
aupport (as in Maurandia, climbing Antirrh
nums, Rhodochiton, and Solanum jasminoide
Fig. 285) ; sometimes by the transformatic
of one or more leaflets of a compound les
into tendrils, as in the Pea and Vetch (Fig
204) ; sometimes by the suppression of all tk
leaflets and the conversion of the whole petiole into a tendril, as
in Lathyrus Aphaca (Fig. 219); and perhaps by the conversion

1 Described in Plantee Wrightianw, ii. 63.
FIG. 234. A vernal shoot of common Barberry, showing a lower leaf in the normal
state; the next partially, those still higher completely, transformed into spines.
FIG. 235. Solanum jasminoides, climbing by coiling and at length indurating petioles.
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of a pair of stipules into tendrils in Smilax. At least the ten-
drils here occupy the position of adnate stipules. The tendrils
of Cucurbitaces are peculiar and ambiguous, on account of their
lateral and extra-axillary position and the manner in which the
compound ones develop their branches. But they are doubtless
partly if not wholly foliar.!

229. Petaloid Leaves, Bracts. Certain leaves, situated nedr to
flowers, and developing little or no chlorophyll in their paren-
chyma, exchange the ordinary green hue and herbaceous texture
for the brighter colors and more delicate structure which are
commonly seen in and thought to characterize flower-leaves.
Such are said to be colored, meaning, as applied to foliage, of
some other color than green. As petals are the type of such
colored parts, they are said to be petaloid, i. e. petal-like. They
are like petals, moreover, in one of the purposes which these sub-
serve. (299.) Examples of these petaloid leaves are seen in the
shrubby Mexican Euphorbia called Poinsettia, in Salvia splen-
dens, most species of Castilleia or Painted Cup, also in the
white hood of Calla and Richardia /Ethiopica (called Calla Lily),
and in the four white leaves which subtend the flower-head of
Cornus florida, and of the low herbaceous Cornel, C. Canaden-
sis. (Fig. 294.) Such leaves, being in proximity to flowers, and
all others which are within a flower-cluster or are borne by
flower-stalks, receive the special name of Bracts. More usually
bracts are not petaloid, but different in size or shape from ordi-
nary leaves, either by abrupt change or gradual transition. Not
uncommonly they are reduced to scales or mere rudiments or
vestiges of leaves, of no functional importance.

230. Flower-Leaves. The morphology of leaves extends not
only to ¢ the leaves of the blossom,” more or less accounted as
such in common parlance, but also to its peculiar and essential
organs, the relation of which to leaves is more recondite. Their
morphology needs to be treated separately, and to be preceded
by a study of the arrangement of leaves and of blossoms.

1 The most satisfactory interpretation may be that of Braun and Wydler,
adopted by Eichler (Bliithendiagramme, i. 304): that the flower of Cucur-
bita and its peduncle represent the axillary branch, the tendril by its side
answers to one of the bractlets (that of the other side being suppressed),
and the supernumerary branch springs from the axil of the tendril. This
makes of the tendril a simple leaf, of which the branches are the ribs. But
the tendril-divisions are evidently developed in spiral order, and in vigorous
growths occupy different heights on the tendril-axis. This favors Naudin’s
view, that the main tendril is cauline, and its divisions leaves.



PHYLLOTAXY, OR LEAF-ARRANGEMENT. 119

CHAPTER 1IV.

PHYLLOTAXY, OR LEAF-ARRANGEMENT.

SecrioN I. THE DIsTRIBUTION OF LEAVES ON THE STEM.

231. Puyrrotaxy (or Phyllotaxis) is the study of the distri-
bution of leaves upon the stem and of the laws which govern it.
The general conclusion reached is, that leaves
are distributed in a manner to economize space
and have a good exposure to light, &c., and
that this economy on the whole results from
the formation of leaves in the bud over the
widest intervals between the
leaves next below.l Leaves
are arranged in a consider-
able variety of ways, which
all fall under two modes, the (=3
Verticillate and the Alter-\g,
nate (13), but which may
also be termed the Cyclical
and the Spiral.

232. Alternate leaves are
those which stand singly,
one after another; that is,
with one leaf to each node :
or borne 26
on one height of stem. Verticillate leaves are
those with two or more at the same height of
stem, circularly encompassing it, 7. e. forming:
a Verticil or Whorl. Verticillate and whorled
are synonymous terms to denote this arrange-
ment. These two kinds of leaf-arrangement
are commonly ranked as three, viz. alternate,
opposite, and whorled. But the opposite is
only the simplest case of the whorled, being

1 For the most comprehensive discussion of phyllotaxy in connection with
development, and in view of these relations, see Hofmeister, Allgemeine
Morphologie, § 11, and Chauncey Wright, Mem. Amer. Academy, ix. 389.

FIG. 236, Alternate, 237, Opposite, 238, Verticillate or whorled leaves.
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that in which the members are reduced to two. This case is
so much commoner than whorls of three and of higher numbers
that it took from the first its special name of opposite, so that in
descriptions the phrase ¢ leaves verticillate ” implies more than
two leaves in the whorl. But it should be kept in mind that
“leaves opposite ” is the same as ¢“ leaves in whorls of two.”

233. The greater number of phsenogamous plants (all but the
monocotyledonous class) begin with verticillate leaves, mostly
of the simplest kind (. e. cotyledons opposite) : some continue
verticillate throughout; some change in the first leaves of the
plumule or after the first pair into alternate, and again into
verticillate in or toward the blossom, in the interior of which the
alternate arrangement may be again resumed. As Nature pgsses
readily from the one mode to the other on the same axis, we
may expect that the two may be comprised under some common
expression.  But they have not yet been combined, except by
gratuitous or somewhat forced hypothescs; so that for the
present they should be treated in morphology as primarily dis-
tinct arrangements.!

234. Verticillate or Cyclical Arrangement. Here the leaves
occupy a succession of circles, or form whorls around the stem,
two, three, four, five, &c., in each whorl. According to the
number, the leaves are opposite, ternate, quaternate, quinate, and
so on. The characteristic of the individual whorl is that the
members stand as far apart from each other as their number
renders possible, 7. e. they divide the circle equally. Thus, when
only two, or opposite, their midribs or axes of insertion have an
angular divergence (as it is termed) of 180°; when three, of
120°; when four, 90°; when five, 72°.

235. The characteristic of the whorls 1n relation to each other
is, that the members of successive whorls stand over or under
the intervals of the adjacent ones. In other words, successive
whorls alternate or decussate. This economizes space and light,
or gives the best distribution which the cyclical system is capa-
ble of. And it is in accordance with the general conclusion of
Hofmeister’s investigation of the origin of phyllotaxic arrange-
ments in the nascent bud, viz. that new members originate just
over the widest intervals between their predecessors next below.
Thus, in opposite leaves or whorls of two (Fig. 237), the suc-
cessive pairs decussate or cross at right angles, and so four

1 It is readily seen that whorls may be produced by the non-development
of the internodes between the leaves of a series of two, three, five, or more
in alternate order. The difficulty is that the members of the next whorl do
not follow the order that they should upon this supposition.



DISTRIBUTION OF LEAVES ON THE STEM. 121

straight equidistanc vertical ranks are produced. In ternate or
trimerous whorls there are six vertical ranks; in quaternate or
tetramerous whorls, eight vertical ranks, and so on.!

236. The cases in which successive ®
pairs of leaves do not decussate at right =

angles, or the members of whorls are not IR
exactly superposed to intervals, but as it
were wind spirally (as in Dipsacus, many { \

Caryophyllaces, &c.), may some of them k\ )/
b lained by torsio f the stem,
)¢ explained bYy torsion o € N el

such as is very manifest in numerous in- N——~
stances ; and others may be resolved into P

instances of alternate leaves simulating or passing into whorls
by the non-development of internodes.?

237. Alternate or Spiral Arrangement. Hecre the leaves are
distributed singly at different heights of the stem, and at equal
intervals as respects angular divergence. (Fig. 236.) This angu-
lar divergence (7.e. the angular distance of any two successive
leaves) differs in the various kinds of this system of phylotaxy,
but is always large enough to place the leaves which immediately

1 These vertical ranks have, by some Gerwan botanists, been named
Orthostichies ; but this technical Greek is no clearer and no shorter than the
equivalent English, which answers every purpose.

2 In Lilium Canadense, superbum, &c., with whorls of variable number
of leaves and vague relation to each other (when of the same numbcr some-
times the members superposed), and above and below passing into the glter-
nate arrangement normal to the family, these whorls are evidently formed
of alternate leaves brought together by non-development of internodes.

Here may also be mentioned the not uncommon anomaly in Fir-cones,
notably those of Norway Spruce, the normal phyllotaxy of which is simply
spiral, but in occasional instances the cone is composed of pairs of opposite
scales, spirally arranged, /. e. the pairs not decussating at right angles, thus
forming double spirals. In the abnormal spruce-cones, the fractions usually
observed are ¥ or %, or, as expressed by Braun, (}){% and ()5

Braun’s mode of notation for the ordinary succession (i. e. the decussation)
of opposite leaves is (1), the § meaning that the two leaves of the pair are
half the circumference of the circle apart, the  denoting that each leaf of
the succeeding pair diverges one fourth of the circumference from the pre-
ceding. Braun finds cases in which pairs (and equally whorls) are super-
posed (e. g. certain species of Mesembryanthemum and Kuphorbia). these
are expressed in this notation by the formula ()4, that is, the corresponding
leaves of the succeeding pair diverge 180° from their predecessors. He
recognizes also some cases of intermediate divergence; such as (})# in the
upper leaves of Mercurialis perennis, (4){% on certain stems of Linaria vul-
garis, (})% exceptionally in the leaves of Epilobium angustifolium and the
scales of Norway Spruce, (})ff5 exceptionally in the scales of Norway
Spruce, See Ordnung des Schuppen an der Tannenzapfen, 376, &c.

FIG. 239. Ground-plan diagram of six trimerous whorls, showing their alternation.
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follow each other in the ascending order upon different sides of

the axis: it also secures an advantageous spacing of the leaves

over the whole length of the axis. Their vertical distance from -
each other of course depends on the length which the internodes

attain, which is a matter of growth and is very variable; but

their angular distance is fixed in the kind or numerical plan of

the particular phyllotaxy, and is uniform throughout.

238. The leaves arc said to be alternate, because they come
one after another, now on this side, then on that, as they ascend
the stem. The arrangement is said to be spiral, because if a line
be drawn or a thread extended from the base or insertion of one
leaf to that of the next higher, and so on, taking in all the leaves,
it forms a lhelix, more or less loose or close according to the
development of the internodes. (See Fig. 242.) This imagined
spiral line ascends continuously, without a break ; and on it the
leaves are equably laid down.!

239. Almost all the ordinary instances of spiral phyllotaxy
belong to one series, having very simple arithmetical relations.
So that this may be taken as the type, and the few others re-
garded as exceptions or sometimes as modifications of it. The
kinds are simply designated by the number of vertical ranks of
leaves: they are technically named by prefixing the proper
Greek numeral to the word meaning row or rank. The arrange-
ment called

Distichous, or Two-ranked, is the simplest and among the com-
monest, occurring, as it does, in all Grasses and many other
monocotyledonous plants, in Lindens, Elms, and many dico-
tyledonous genera. Here the leaves are disposed alternately on
exactly opposite sides of the stem (as in Fig. 1) ; the second
leaf being the farthest possible from the first, as is the third from
the second ; the third therefore over the first, and the fourth over
the second, and so on, thus forming two vertical ranks. The
angular divergence is here half the circumference, or 180°; and
the phyllotaxy may be represented by the fraction §, which desig-
nates the angular divergence, while its denominator expresses
the number of vertical ranks formed.

Tristichous, or Three-ranked, is the next in the series, and is

1 But when we reach a leaf which stands directly over a lower and older
one, we say that one set or spire is completed, and that this leaf is the first
of a succeeding set or spire. From analogy of such an open spire to the
closed cycle of a whorl of leaves, it is not unusual to designate the former
likewise as a cycle. Yet it is better (with Eichler) to restrict that term, and
the adjective cyclical, to verticillate phyllotaxy, or to whorls, to wluch it
properly and etymologically belongs.
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less common, though not rare in monocotyledonous plants. Fig.
240 illustrates it in a Sedge, and 241 is a diagram in horizontal
section, as of a bud; both
extending to six leaves or
two turns of the spiral. The
fraction } designates this
arrangement. The angular
divergence, or distance of
the axis of the first leaf
from the second, and so on,
is one third of the circum-
ference (or 120°): conse-
quently the fourth leaf comes
over the first, the fifth over
the second, the sixth over
the third, and so on; that
is, the leaves fall into three
vertical ranks. The spiral
character here begins to be
manifest, or becomes so by
drawing a line on either fig-
ure from the axis or midrib
of the first leaf to that of
the second, and so on to the
sixth, forming a helix of
two turns.!

Pentastichous, or Five-ranked, sometimes termed the quincuncial
arrangement. This is the most common in alternate-leaved
dicotyledonous plants. It is shown in Fig. 236 (on a branch
of Apple-tree), and by diagrams, displaying the spiral character,
in Fig. 242, 243. The angular distance from the first to the
szcond leaf (passing the shorter way) is  of the circumference,
or 144°. But the spiral line makes two turns round the stem,
on which six leaves arc laid down, with angular divergence of %,

1 The line is supposed to follow the nearcst way, and the divergence is
counted as %, this being the simplest and most convenient. If for any reason
the longer way is preferred, then the angular divergence would be expressed
by the fraction £.

FIG. 240. Piece of a stalk. with the sheathing bases of the leaves, of a Sedge-Grass
(Carex crus-corvi), showing the three-ranked arrangement. 241. Diagram of the cross-
section of the same. The leaves are numbered in succession.

FIG. 242. Diagram of position of six leaves in the five-ranked arrangement: a spiral
line is drawn ascending the stem and passing through the successive scars which mark
the position of the leaves from 1to 6. Itis made a dotted line where it passes on the
opposite side of the stem, and the scars 2 and 5, which fall on that side, are made
fainter. 243. A plane horizontal projection of the same; the dotted line passing from
the edge of the first leaf to the second, and 80 on to the fifth leaf, which completes the
turn; as the sixth would come directly before, or within, the first.
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and the sixth is the first to come over any one below; the
seventh comes over the second, the eighth over the third, &ec.
The leaves are thus brought into five vertical ranks; but these
n five leaves are laid down on two turns of the

s helix (the sixth beginning the second revolu-
¢ ' tion); the angular divergenee of the leaves in

+ order is , or 144°; the angular distance of
v * the vertical ranks, 72°. This is a very advan-

tageous distribution for ordinary foliage on
erect or ascending branches. Its formula is %, expressing the
angular divergence, the denominator also indicating the number
of vertical ranks, the numer-
ator indicating the number ,\
of revolutions made in add- §
ing one leaf to each rank.
IFig. 244 illustrates this ar-
rangement on a cone of
Anmerican Larch, the scales
of which are homologous
with leaves, the numbers 25
in sight are affixed, and those of the whole
cone displayed on & plane at the side.

Octostichous, or Eight-ranked, a less common
arrangement, occurs in the Holly, Aconite,
the radical leaves of Plantago. It has the
angular divergence of 135°, or 3 of the cir-
cumference, and the leaves in eight ranks,
the ninth over the first and at the completion
of the third revolution : it is therefore repre-
sented by the fraction §.

240. The obvious relations of the fractions
¥, 3. %, %, representing the primary forms of
spiral phyllotaxy, are that the sum of any two
numerators is the numerator of the next suc-
ceeding fraction, and the same is true of the
denominators ; also the numerator is the same
as the denominator of the next but one pre-
. ceeding fraction. Following thesc indications,

the series may be extended to %, Jfr, 43, 34, &c. Now these

FIG. 244. A cone of the small-fruited American Larch (Larix Americana), with
the scales numbered, exhibiting the five-ranked arrangement.

FIG. 245. An offset of the Houseleek, exhibiting the 5-13 arrangement; the leaves
in sight numbered, the 14th over the first, the 19th over the 6th, &c.

FIG. 246. Cone of White Pine (Pinus Strobus) with scales numbered from bottom,
and some secondary spirals marked.
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cases actually occur, and ordinarily only these.! The % and
4 are not uncommon in foliage. The rosettes of the House-
leek exhibit the 5 or thirteen-ranked arrangement, as also does
the cone of Pinus Strobus, the 14th leaf falling over the first.
(Fig. 246.) The oy is perhaps little less common in foliage
upon very short internodes, as likewise are higher ranked
numbers ; and in many pine-cones and similar structures }3}
and 3} phyllotaxy may be readily made out. This actual series,
¥ 3, %, 3, &c., answers to and may be expressed by the con-

tinued fraction, } }
*14+4, &2

1 When other instances are detected, they are found to belong to other
series, following the same law, such as the rare one of }, , %, -%.

2 “The ultimate values of these continued fractions cxtended infinitely
are complements of each other, as their successive approximations are,and are
in effect the same fraction, namely, the irrational or incommeasurate inter-
val which is supposed to be the perfect form of the spiral arrangement.
This does, in fact, possess in a higher degree than any rational fraction the
property common to those which have been observed in nature; though
practically, or so far as observation can go, this higher degree is a mere
refinement of theory. For, as we shall find, the typical irrational inter-
val differs from that of the fraction § by almost exactly 4473, 8 quantity
much less than can be observed in the actual angles of leaf-arrangements.”
“On this peculiar arithmetical property . . . . depends the geometrical one,
of the spiral arrangement, which it represents; namely, that such an arrange-
ment would effect the most thorough and rapid distribution of the leaves
around the stem, each new or higher leaf falling over the angular space be-
tween the two older ones which are nearest in direction, so as to subdivide itin
the same ratio in which the first two, or any two successive ones, divide the *
circumference. But, according to such an arrangement, no leaf would ever
fall exactly over any other; and, as I have said, we have no evidence, and
could have none, that this arrangement actually exists in nature. To realize
simply and purely the property of the most thorough distribution, the most
complete exposure of light and air around the stem, and the most ample
elbow-room, or space for expansion in the bud, is to realize a property that
exists separately only in abstraction, like a line without breadth. Neverthe-
less, practically, and so far as observation can go, we find that the fractions
# and %, &1, &c., which are all indistinguishable as measured values in the
plant, do actually realize this property with all needful accuracy. Thus,
$ = 0.875, £ = 0.385, and ff = 0.381, and differ from % [the ultimate value
to which the fractions of this series approximate, or what is supposed to Le
the type-form of them] by —0.007, 40.003, and —0.001 respectively ; or they
all differ by inappreciable values from the quantity which might therefore be
made to stand for all of them. Bat, in putting % for all the values of the
series after the first three, it should be with the understanding that it is not
so employed in its capacity as the grand type, or source of the distributive
character which they have, —in its capacity as an irrational fraction, — but
simply as being indistinguishable practically from those rational ones.” —
Chaucey Wright, in Mem. Amer. Acad. ix. 387-390.
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241. The successive grades of angular divergence of alternate

leaves, as expressed in degrees, are

} = 180° % = 144° 5 = 188° 27/ 41.54"
3} =120° $ =185° £ = 137° 8/ 34.29"

and 80 on; and beyond, if not in the latter cases, the differences
become quite too small for determination by inspection. They
all fall within the § and } as to amount of divergence ;-and they
form a series converging to a deduced typical angle of 137° 30
28", which, being irrational to the circumference, would place
no leaf exactly over any preceding one, but alternately and
more and more slightly on one and the other side of the vertical,
and so on, in an endless spiral. That is, according to Bravais,
the ranks in the higher grades tend to become curveiseriul, or
actually become so; while in the lower grades they arec obviously
rectiserial. Unless, indeed, there is some torsion of the axis,
by which the vertical ranks are rendered oblique, as is often the
case in cones of the Norway Spruce. But, apart from this, the
difference between rectiserial in a high order and curviserial
soon becomes inappreciable. Any and all of the higher grades,
and practically one as low as the §, secures the utility of the
theoretical angle, viz., that ¢¢ by which the leaves would be dis-
tributed most thoroughly and rapidly around the stem, exposed
most completely to light and air, and provided with the greatest
freedom for symmetrical expansion, together with a compact
arrangement in the bud.” Even in the simpler grades of com-
monest occurrence, each leaf (according to Wright) is so placed
-over the space between older leaves nearest in direction to it as
always to fall near the middle of the space, until the circuit is
completed, when the new leaf is placed over an old one.!

242. It is to be noted that the distichous or } variety gives
the maximum divergence, viz. 180°, and that the tristichous or.
4 gives the least, or 120°; that of the pentastichous or % is nearly
the mean between the first two; that of the §, nearly the mean
between the two preceding, &c. The disadvantage of the two-
ranked arrangement is that the leaves are soon superposed and
so overshadow each other. This is commonly obviated by the
length of the internodes, which is apt to be much greater in this
than in the more complex arrangements, therefore placing them
vertically farther apart; or else, as in Elms, Beeches, and the

1 This corresponds with Hofmeister’s genecral rule, that “new lateral
members have their origin above the widest gaps between the insertions of
the nearest older members.” Yet the fact that the character of the leaf-
arrangement is laid down at the beginning in the bud does not go far in the
way of the mechanical explanation which Le invokes.
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like, the branchlets take a_ horizontal position and the peti-
oles a quarter twist, which gives full exposure of the upper
face of all the leaves to the light. The 1 and %, with dimin-
ished divergence, increase the number of ranks; the § and all
beyond, with mean divergence of successive leaves, cffect a more
thorough distribution, but with less and less angular distance
between the vertical ranks.

2422, The helix or primitive spiral upon which the leaves
successively originate ascends, sometimes from left to right,
sometimes from right to left,’ commonly without change on the
same axis, and prevailingly uniform in the same species; but
occasionally both directions occur in the same individual. The
earliest leaves of a stem or branch, or the last, are often on a
different order from the rest;.or (as already stated) the spiral
may change into the cyclical, or vice versa.

243. The relation of the phyllotaxy of a branch to the leaf
from the axil of which the branch springs is somewhat various.
But in Dicotyledons, the first leaf or the first pair of the branch is
mostly transverse ; that is, the first leaves of the branch stand to
the right or left of the subtending leaf. In Monocotyledons, the
first branch-leaf is usually parallel to and facing the subtending
leaf, as shown in Fig. 304.

244. When the internodes are considerably lengthened, the
normal superposition of leaves is not rarely obscured by torsion
of the axis: indeed, this may equally occur in short internodes,
sometimes irregularly or in opposite directions, sometimes uni-
formly in one. Thus, in Pandanus utilis, or Screw-Pine, of
tristichous arrangement, the three compact vertical ranks be-
come strongly spiral by a continuous torsion of the axis. The
later leaves of Baptisia perfoliata, which are normally distichous,
become one-ranked by an alternate twist, right and left, of the
successive internodes.

245. When the internodes are short, so that the leaves approx-
imate or overlap, it is difficult or impossible to trace the suc-
cession of the leaves on the primitive spiral, but it is easy to
see which are superposed. - The particular phyllotaxy may then
be determined by counting the vertical ranks, which gives the
denominator of the fraction. But in compact arrangements
these vertical ranks are commonly less manifest than certain
oblique ranks, which are seen to wind round the axis in oppo-
site directions. (See Fig. 245, 246.) These are termed second-
ary spirals, also by some parastichies. These oblique spiral

1 That is, of the observer and as seen from without. See p. 61, foot-note.
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ranks are a necessary consequence of the regular ascending
arrangement of parts with equal intervals over the circumference
of the axis; and, if the leaves are numbered consecutively, their
numbers will necessarily stand in arithmetical progression on the
oblique ranks, and have certain obvious relations with the pri-
mary spiral which originates them, as will be scen by projecting
them on a vertical plane.

245°. Take, for example, the $ arrangement, where, as in the
diagram annexed to Fig. 244, the primitive spiral, written on a
plane surface, appears in the numbers, 1, 2, 3, 4, 5, 6, and so
on: the vertical ranks thus formed are necessarily the numbers
1-6-11; 4-9-14; 2-7-12; 5-10-15; and 3-8-13. But two
parallel oblique ranks are equally apparent, viz. 1-3-5, which,
if we coil the diagram, will be continued into 7-9-11-13-15 ; and
also the 2-4-6-8-10 continues into 12-14, and so on, if the axis
be prolonged. Here the circumference is occupied by two secon-
dary left-hand series, and we notice that the common difference
in the sequence of numbers is two; that is, the number of the
parallel secondary spirals is the same as the common difference of
the numbers on the leaves that compose them. Again, there are
other parallel secondary spiral ranks, three in number, which
ascend to the right ; viz. 1-4-7, continued into 10-13 ; 3-6-9-12,
continued into 15 ; and 5-8-11-14, &c. ; where again the common
difference, 3, accords with the number of such ranks. This fixed
relation enables us to lay down the proper numbers on the leaves,
when they are too crowded for directly following their succes-
sion, and thus to ascertain the order of the primary spiral series
by noticing what numbers come to be superposed in the verti-
cal ranks. Thus, in the small cone of the American Larch
(Fig. 244), which usually completes only threc heights of leaves,
the lowest, highest, and a middle one make a vertical row
which faces the observer. Marking this first scale 1, and count-
ing the parallel secondary spirals that wind to the left, we find
that two occupy the whole circumference. From 1, we number
on the scales of that spiral 3-5-7, and so on, adding the com-
mon difference 2, at each step. Again, counting from the base
the right-hand secondary spirals, we find three of them, and
therefore proceed to number the lowest one by adding this com-
mon difference, viz. 1-4-7-10; then, passing to the next, on
which the No. 3 has already been fixed, we carry on that se-
quence, 6-9, &c.; and on the third, where No. 5 is already
fixed, we continue the numbering; 8-11, &c. This gives us in
the vertical rank to which No. 1 belongs the sequence 1-6-11,
showing that the phyllotaxy is of the five-ranked, or % order.
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It is farther noticeable that the smaller number of parallel sec-
ondary spirals, 2, agrees with thc numerator of the fraction in
this the $ arrangement ; and that this number, added to that of
the parallel secondary spirals which wind in the opposite direction,
viz. 8, gives the denominator of the fraction. This holds good
throughout ; so that we have only to count the number of par-
allel secondary spirals in the two directions, and assume the
smaller nuinber as the numerator, and the sum of this and the
larger number as the denominator, of the fraction which ex-
presses the angular divergence sought. For this, we must, how-
ever, take the order of secondary spirals nearest the vertical
rank in each direction, when there arc morc than two, as in all
the higher forms. But, in all, it is necessary to count only the
most manifest secondary spiral of each direction in order to
lay down the proper number on the leaves or scales, and so deter-
mine the phyllotaxy.! In a rosette of the leaves of Houscleek
(Fig. 245) and a cone of Pinus Strobus (Fig. 246), the num-
bers which can be seen at one view are appended, and in the
latter the conspicuous secondary spirals are indicated: one to
left with & common difference of 5; and two to the right, of
which the mrost depressed and prominent has the common dif-
ference of 3, the other, nearest the vertical, the common differ-
ence 8. The 14th leaf is superposed to the first, indicating the
vy arrangement. The same conclusion is derived from the num-
ber of the higher spirals, the smaller 5 for the numerator, and
this added to 8 for the denominator. The mathematical discus-
sion of thesc relations, and of the whole subject of phyllotaxy,
leads into interesting fields. But this sketch may suffice for
botanical uses.

246. Relations of Whorls to Spirals. Verticillate and alternate
phyllotaxy, or whorls and spirals, in all complete cxemplifica-
tions, are to be considered morphologically as distinct modes,
not to be practically homologized into one. Nevertheless, transi-
tions between the two, and abrupt changes from one to the other
on the same axis are not uncommon, the former especially in
the foliage, the latter in the blossom. If the spiral be assumed
as the fundamental order, it is not difficult to form a clear con-
ception as to how such changes come to pass. A single whorl

1 In applying this method to the determination of the phyllotaxy of a
cone, or any such assemblage of leaves, the student should be warned that,
although the cones of Pines and Firs are all normally on the alternate plan
(while those of Cypresses are on the verticillate), yet in individual cases
(common in Norway Spruce) the cone is plainly made up of pairs of oppo-
site scales which are spirally arranged. See note under 236.
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may most naturally be produced by the non-development of the
internodes between any two, three, or more alternate leaves.
Two proximate distichously alternate leaves would thus form a
pair; the three leaves belonging to one turn of the spiral in the
tristichous (}) arrangement would compose a trimerous whorl ;
the five leaves of the two turns in the pentastichous (%) arrange-
ment, a 5-merous whorl, &c. Verifications of this conception, by
whorls breaking up or reverting to spirals, are occasionally met
with, and the successive overlapping in spiral order of the
members of a trimerous or pentamerous whorl is very common.
The few instances among phsnogamous plants in which the
leaves are opposite and all in the same plane! (that is, the suc-
cessive pairs superposed) may be deduced from the distichous
alternate mode becoming opposite without further change, by
the simple suppression of alternate internodes. The frequent
disjunction of the members of the pair in similar and analogous
cases goes to confirm this view. But the characteristic of whorls
ordinarily is that proximate whorls alternate, that pairs de-
cussate. We cannot homologize this with spiral phyllotaxy ;
for in this lies the fundamental difference between the two plans.
We can explain it only by a reference to Hofmeister’s law, which
generally governs leaf-origination as to position, namely, that
succeeding leaves appear directly above the intervals between
the nearest preceding (241, note) : this gives decussation or
alternation of successive pairs or whorls.?

247. Hypothesis of the origin of both. Instead of regarding -
the spiral path on the stem which connects successive alternate
leaves as a purely formal representation, it may be conceived to
be the line along which the members in some original form were
physically connected, in the manner of a leaf-like expansion

1 As in Loranthus Europsus, &c., according to Braun. See 2386, note.

2 This renders the verticillate an advantageous arrangement, perhaps no
less so than the distribution which spiral phyllotaxy effects. Both must be
considered to have been determined by and for their respective utilities, and
to have been independent determinations. For “there is no continuity or
principle of connection between spiral arrangements and whorls ” (Chauncey
Wright) ; since, although individual whorls are casily reducible to spirals,
each succession is an absolute break of that system.

As whorls of four members often (as especially in calyx, bracts, &c.) may
and sometimes should be viewed as two approximate pairs, so even the spiral
of five members, as in a quincuncial calyx, has been conceived to consist of
two whorls, one of two, the other of three leaves, the second alternating with
the first as nearly as possible. But this appcars far-fetched and of loose
application. It is much clearer as well as simpler to regard the alternate
as the fundamental phyllotaxy, and to deduce individual whorls from spirals,
if need be, rather than to imagine spirals as somehow evolved from whorls.
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resembling a spiral stairway. Upon this supposition, the leaves
would be the relics, or rather the advantagcous results, of the
segmentation of such a frond-like
expansion, the segments scparatcd
through the development of the
stem in length and firmness, and
modified in the various adaptations
to the conditions of higher vege-
table life; even as leaves themselves
are modified into tendrils, bud-
scales, petals, or other usefully specialized structures. The type
on this conception would be a frond, consisting of
an elongating axis with a continuous leaf-blade on
one side, and this taking a spirally twisted form.
But the frond of Fucaceous Alge, Hepatica, and the
like, is two-bladed. While a one-bladed frond, or
with one blade suppressed, might be the original of
alternate-leaved spirals, the two-bladed frond, simi-
larly broken up, would give risc to the opposite or
other varieties of verticillate arrangement.?

248. Fascicled Leaves nccd to be mentioned here,
in order that they may be excluded from phyllotaxy.
They are simply a cluster or tuft of leaves, belonging
to more than one node, and left in a crowded con-
dition because the internodes do not lengthen. They
may belong either to the alternate or the verticillate
series. In Barberry and in the Larch (Fig. 247),
they are evidently alternate ; and they may be inferred
to be so in Pines (Fig. 248), or even may be seen to
be so in the bud-scales which form the sheath sur-
rounding the base of the 2, 3, or 5 foliage-leaves.
In Junipers, the leaves of the fascicles are in the
verticillate order.

1 This is the conception of the late Chauncey Wright. See his elaborate
and most suggestive essay in Mem. Amer. Acad. Arts and Sciences, ser. 2,
ix. 379, mainly reprinted in Philosophical Discussions (posthumous), 206-328,
in which the whole subject of phyllotaxy is acutely discussed, especially
in its relation to questions of origin and developed utilities. His conception

FIG. 247. Piece of a branch of the Larch, with two fascicles of leaves, i. e. two very
short and stout branchlets, bearing scars of former leaves or bud-scales below, and a
dense cluster of leaves of the season at summit. The main axis bears scars from which
the alternate leaves of the developed axis of the preceding year separated.

FIG. 248. Piece of a branch of Pitch Pine, with three leaves in a fascicle or bundle
in the axil of a thin scale (a) which answers to a leaf of the main axis. The bundle is
surrounded at the base by a short sheath, formed of the delicate scales of the axillary
bud, of which the three leaves are the developed foliage.
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SecrioNn II. DispositioN or Leaves IN THE Bop.

249. Vernation and Estivation are terms in general use, under
which the disposition of leaves in the bud is trcated. The first
relates to ordinary leaves in this early condition ; the second, to
the parts of a flower-bud; not, however, as respects insertion,
or position on the axis, which is phyllotaxy (231), but as to

the ways in which they

249 250 21
are coiled, folded, over-
lapped, &c., either per se
or inter se. Prefoliation
_ and Prefloration are

etymologically  better

terms, substituted by
% @ Richard.?
250. The descriptive
w2 23
254

terms which relate to
individual leaves or
parts, whether of foli-
age or blossom, mostly range themselves under the heads of
plications or of enrolling, and are such as the following, the
sectional diagrams of which are copied from the original figures

would make the two plans equally primordial. But the freedom with
which these actually interchange on the same axis greatly favors the less
hypothetical view that whorls may be condensed spirals. This assumes
only the well-known fact that internodes may be completely non-developed.

1 Better formed and more expressive terms: but the Linnaan ones are
most in use, and, though fanciful, are not misleading. In English description,
it is as convenient and equally terse to say that the parts are imbricate, val-
vate, &c., “in the bud.” Linnseus, in the Philosophia Botanica, described
these dispositions of leaves in the bud under the term Foliatio, — not a happy
name, —but did not treat of them in the flower-bud. Later, in Termini
Botanici (Ameen. Acad. vi. 1762, reprinted by Giscke in 1781), he intro-
duced the words Vernatio and Astivatio in their now current botanical gense,
to designate, not the time of leafing and of flowering (spring and summer
condition), but the disposition of the parts in the leaf-bud and flower-bud
(at least of the petals) as respects foldings, coiling, &c., of singlc parts, and
modes of overlapping or otherwise of contiguous parts. The terminology
as regards single leaves, Linnzus fixed nearly as it now remains. That of
leaves or their homologues in connection, and as respects the flower-bud, was
very imperfectly developed until its importance (and much of its termi-
nology) was indicated by Robert Brown, in his memoir on Proteacee, 1809,
in the Prodromus a year later, and in other publications.

Ptyris (the Greek name) is coming into use as a general term for the
folding, &c., of single parts.
" FIG. 249-254. Linnman diagrams of sections of leaves in the bud. 219. Condupli-

cate. 250. Plicate or plaited 251. Convolute. 252. Revolute. 253. Involute. 254.
Circinate or Circinal
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in the Philosophia Botanica of Linnseus. They were applied
only to foliage, but they are equally applicable to floral parts.
Leaves, and all homologous or similar organs, if not simply
plane, will be either bent or folded or else more or less rolled up
in the bud. The first three of the following terms relate to the
former, the remaining terms to the latter. They arc as to the
mode of packing

Plicate or Plaited (Fig. 250), when folded on the several ribs,
in the manner of a closéd fan, as in Maple and Currant. This
occurs only in certain palmately veined or nerved leaves.

Conduplicate (Fig. 249), when folded lengthwise, or doubled
up flat on the midrib, as in Magnolia; a very common mode.
The upper face of the leaf is always within.

Reclinate or Inflexed, when the upper part is bent on the
lower, or the blade on the petiole, as in the Tulip-tree (the blade
of which is also conduplicate).

Convolute (Fig. 251), when rolled up from one margin, ¢.e.
one margin within the coil, the other without, as in Apricot
and Clierry.

Involute (Fig. 258), both margins rolled toward the midrib
on the upper face, as the leaves of Water Lily, Violet, &c. ;
also the petals of Steironema and Tremandra.

Revolate (Fig. 252), similarly rolled backward from bhoth
marging, as the leaves of Azalea and Rosemary.

Citeinal or Circinate (Fig. 254), when coiled from the apex
downward, as the leaves of Drosera and the fronds of all the
true Ferns. :

Corrugaté or Crumpled, as the petals of a Poppy, applies
to the irregular crumpling of the otherwise plane corolla-leaves.
This is a consequence of rapid growth in length and breadth
in a confined space.

251. The Piyxis (or folding, &c.) of an individual leaf, of
which the foregoing modifications are the principal, should be
distinguished from the arrangement in the bud of the leaves of
a circle or spiral in respect to each other. The interest of the
Iatter centres in the flower-bud, 7.e. in wstivation. To this the
following exposition is devoted, although sometimes applieable
to leaf-buds also.!

252. The disposition of parts in mstivation, in respect to
edch other, is the result partly of their relative insertion, that is

1 In the succeeding paragraphs, it becomes necessary to presuppose so
much knowledge of the flower as is implied in the free use of such terms as
calyx and corolla, sepals or calyx-leaves, and petals or corolla-leaves. See,
if need be, Chapter VI. Sect. I
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their phyllotaxy, and partly of the way in which they comport
when their margins meet in growth. Those leaves which are
within, or of higher insertion on the axis, will almost necessarily
be enclosed or overlapped: those which are members strictly
of the same whorl or cycle may fail to come into contact, or
may meet without overlapping at the contiguous margins or
apex; yet they may be overlapped, since they may have grown
unequally or some a little earlier than their fellows. Conse-
quently, no perfectly clear line can be drawn in the flower between
cycles and spirals except by their mode of succession. More-
over, mstivation strictly so called should be concerned only
with the disposition among themselves of the several members
of one whorl, or of one complete spiral. So the alternation of
contiguous whorls, as of the three inner with the three outer
flower-leaves of a Lily or a Tulip (the alternative wstivation of
DcCandolle), is a matter of phyllotaxy, not of westivation. The
latter is properly concerned only with the relations of each three
leaves to each other.? .

253. The proper mstivations may be classified into those in
which the parts do not overlap, and those in which they do. Of
the first, there are two kinds, the open (est.
aperta) and the valvate, both characterized and
named by Brown.? Of the second, there is
one leading kind, the tmbricate (adopted by
Brown from Linnxeus), with subordinate modi-
fications.®>  Accordingly, the wstivation is
said to be

254. Open or Indeterminate (est. aperta),
when the parts do not come into contact in the bud, so as to

1 The same applies to the two sets of sepals and of petals in Barberry, in
Menispermum, and of the petals in Poppy, &c. (359).

2 Linngus, indeed, has, “ /Estivatio valvata, si petala se expansura instar
glume graminis ponuntur,” —the name, but not the thing: the glumes of
grasses are not valvate in the botanical sense. So the term as to its proper
use may be said to originate with R. Brown.

8 For a brief discussion of “ Zstivation and its Terminology,” see Amer.
Jour. Sci. ser. 3, x. 339, 1875.

As to names, it is perhaps more correct to say of the cestivation that it is
imbricative, convolutice, valeulur, &c. (cest. imbricativa, convolutiva, valvaris, &c.),
but of the leaves or picces, that they are imbricate, conrolute, valvate, &c., in
sestivation ; but such precision of form will seldom be attended to in botan-
ical descriptions.

FIG. 255. Diagrammatic cross section of an unopened flower of Linden: its outer
circle of floral leaves (sepals) valvate in the bud; the inner (petals) between convolute
and imbricate.
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cover those within. The most familiar case is that of the petals
of Mignonette and the whole genus Reseda.

255. Valvate or Valvular, when the margins meet squarely in the
bud, without any overlapping, like the valves of a dehiscent cap-
sule. Familiar examples are afforded by the calyx of the Linden
(Fig. 255) ; also that of the Mallow, Rhamnus, Fuchsia, and the
whole of the several natural orders to which these belong. A
modification of this, caused by some induplication or involution
of the edges of the individual leaves, occurs in most species of
Clematis ; in Clematis Virginiana, they
merely project within (valvate-indupli-
cate) ; in Clematis Viticella, they are
conspicuously involute (valvate-involute),
or valvate with margins involute. Some-
times (as in the calyx of certain Mal\aceze) thc Jomed edges
project outwardly (or are valvate with reduplicate margins), but
only slightly so.

256. Imbricate or Imbricative is the general name for mstiva-
tion (or vernation) with overlapping. The name is taken from
the overlapping of tiles or shingles on a roof, so as to break
joints or cover edges. It was first applied, by Linneus, to
leaves or scales on a stem, when thickly set and incumbent in suc-
cessive ranks or heights, the upper partly covered by those next
below. The involucre of an Aster or of the common Sunflower
is a typical illustration; as also the leaves of a Camecllia-flower,
the sepals as well as the petals; and the sepals or outer leaves

of a Flax or a Geranium-tlower afford a simpler but similar
instance, although, from the parts being ncarly of the same size
and at the same height, the overlapping is lateral instead of
obviously from below. Fig. 258, 259, and the outer part of
260, also the inner leafy circle of 255, illustrate in diagram this
true and simple imbricative sestivation of a definitc number of

FIG. 256. Valvate-induplicate flower-leaves (calyx) of Clematis Virginiana, &c.
257. Valvate-involute, as in C. Viticella.

FIG. 258-260. Imbricate mstivation: 258, in two whorls of three leaves each (calyx
and corolla); 260, same of five leaves in the outer circle, thore of the inner circle con-
volute; 259, a single set of three imbricated leaves (in the corolla of Magnolia),
almost completely encircling each other.
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parts.! It is characteristic of it that some parts (one or more)
are wholly exterior or covering in the bud, and others (one at
least) interior or covered, at least the margins. Imbricative
sestivation, it will be seen, naturally attends alternate or spiral
phyllotaxy (248, and see Fig. 242, 243) ; and if it be nain-
tained that these sets of three, five, &c., in the blossom are not
depressed spirals, but whorls or cycles (as may commonly be
the case in the corolla, but hardly in the calyx), it is not less
true that the parts are apt to comport themselves in the exact
manner of a depressed spiral. The kinds of regulax imbrication
of alternate leaves, &c., may be specified by the terms or frae-
tions expressive of the particular grade of phyllotaxy (3, %, %,
2, &c.). But some of them have received spocial names, which
may be employed, as subordinate to the general denomination of
imbricate. The most important of these are the

Equitant, where leaves override, the older successively astride
the next younger. The typical instance is that of ancipital or
two-ranked (}) conduplicate leaves, successively clasping, at least
next the base, as in Iris, Fig. 217. In what Linnseus termed
equitant-triquetrous (well seen in Fig. 240, 241), the leaves are
three-ranked (being of the } order), and each imperfectly
conduplicate.

Quincuncial sestivation (as in the outer part of Fig. 260) is
simply the imbricate estivation of five leaves (%), in which
necessarily the first and second are external, the fourth and fifth
internal, and the third with one margin external, where it over-
lies the fifth, and the other internal, where it is covered by
the first.

Alternative gestivation, as already stated (252), comes from
verticillate or cyclic phyllotaxy, and the alternation of successive
whorls. When two such whorls, say of three leaves each (as in
Fig. 258), are so condensed or combined as to form apparently
one set or circle of six members (as in the flower-leaves of most
Liliaces), three members alternate with and are covered by the
other three, and this sort of imbricate sestivation is produced.
More properly, the two series are to be considered separately.
Where the parts are four (as in Fig. 895), the normal imbrica-
tion is decussate, two exterior and two interior. This is some-

1 All the examples referred to result from alternate or spiral phyllotaxy,
the former of higher series, the latter of the } (Fig. 268, 2569), and of the 3
(Fig. 260) order. Instead of separating (with DeCandolle and others) the
4 arrangement as different in kind from the imbricate (under the name of
quincuncial ®stivation), we should count it as a typical case. Otherwise the
t arrangement might equally claim a generic distinction, also the §, &c.
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times a clear ease of binary instead of quaternary, ¢.e. to be
counted as two pairs of opposite leaves; yet it may be a single
whorl of four, notwithstanding the imbrication. Or these four
leaves may even, in some cases, be regarded as a portion of a
depressed spiral, say of the 3 order with one piece omitted, and
the others adjusted so as to fill the space.

257. There are various deviations from normally imbricative
estivation, especially where the members are five, occurring
some in regular but more in irregular flowers, which need not be
referred to here. One, for which ne specific name 'is requisite,
is a ease merely of excessive overlapping in the regular way;
namely, where each piece completely and concentrically encloses
the next interior, as shown in Fig. 259, representing three petals
of Magnolia Umbrella. This the French botanists have ealled
eonvolute sestivation, because the individual leaves are involute
in a manner approaching the convolute vernation of Linnseus.
Another is the Vex:illar, as in the Pea tribe (Fig. 306), where
members which should be external have somehow developed as
internal, both in calyx and corolla. A third (which has received
the usually quite meaningless name of Cochlear, spoon-like,
and is also that to which most French botanists singularly re-
strict the name of imbricative) is a state exactly intermediate
between the quincuncially imbricate and the convolute or

(\f'\)Q
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262 263
contorted. In it, one leaf is wholly outside, one wholly inside,
and three with one margin inside and the other outside. It occurs
under two modifications, viz. with the innermost leaf remote from
the outmost (Fig. 261), and with it next to the outermost as in
Fig. 262. In view of the intermediate character, we had
applied to this the somewhat awkward name of Convolute-tmbri-
cate.! To bring Fig. 261 back to the quincuncially imbricate

1 Tt would not be amiss, therefore, to name one of these modes, viz. that
of Fig. 261, Subimbricate, and the other, Fig. 262, Subconvolute. George

FIG. 261. Quincuncial imbricate mo:lifiled toward convolute by one edge of the
second leaf developing inside instead of outside of the adjacent edge of the fourth.

FIG. 262. Convolute modified toward imbricate by one leaf having a margin inside
instead of outside its neighbor.

FIG. 263. Convolute, or convolutive, or contorted (twisted) sestivation, in diagram.
Tn these three diagrams, the dark circle above represents tlie position of the axis, tho
flowers being axillary.



138 PHYLLOTAXY, OR LEAF-ARRANGEMENT.

form, we have only to reverse a single overlapping on the left-
hand side of the figure. To restore Fig. 262 to the convolute,
we have only to reverse a single overlapping at the lower right-
hand side. Changes like these, or the reverse, are not rare in
several species, particularly in the corolla. Thz normal form
and the deviation often occur in different flowers on the same
individual, thus indicating an easy passage between the imbricate

eestivation in the proper sense and the
258. Convolute, otherwise called Obvolute or Contorted, or
Twisted, Fig. 263, and inner circle of Fig. 260. Here each leaf
successively overlaps a preceding and is overlapped by a following
one, all having a slight and equal obliquity of position, so that
all alike have an exterior and an interior (or a covering and a
covered) margin, and all appear to be as it were rolled up to-
gether. This is strikingly so when the parts are

broad and much overlapped, as in Fig. 264. Brown

ﬁ included this among the forms of imbricate estiva-

k@/ tion, and so does Eichler, particularly distinguishing
264

it, however, under the name here preferred. The

occasional transitions would justify such classifica-
tion. But in most cases it is so uniform, and in the corolla so
completely characteristic of whole families (such as Malvacese,
Onagraces, Apocynacee, Gentianaces, Polemoniacez, &c.), and
is so distinct in its nature, that it may well take rank among
the primary kinds of eestivation. As to its nature, it is evident
that while the imbricate mode (at least the ternary, quinary,
&ec.) indicates or imitates spiral phyllotaxy (some members be-
ing within or with higher insertion than others), the convolute
and the valvate (having all the members of the series on the
same plane) answer to verticillate phyllotaxy, or to whorls
instead of depressed spirals.! The name which this mode of

Henslow, in Trans. Linn. Soc. ser. 2, i. 178, proposes to call the former half-
imbricate ; the latter (following the faulty French example) is his imbricate
proper.

The subimbricate mode has two varieties, distinguished by Eichler (in
Bliithendiagramme) as ascensive, when the lower or anterior (i. e. the pieces
next the subtending bract or leaf) are successively exterior (as in Fig. 261),
and descensive, when the covering is from the upper side, . e. from the side
next the axis.

1 Still, as those members of a quincunx which normally should be wholly
external do sometimes become internal during their development in the bud,
similar changes may be conceived to change a quincuncial into a convolute
disposition ; but, to effect this, three out of the five overlappings would have
to be reversed.

F1G. 264. Convolute (also called contorted) mstivation of a corolla.
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sestivation ought to bear is not yet well settled, but that of con-
volute, here preferred, will probably prevail.!

259. In recapitulation, these principal forms of the estivation
of floral circles may be classified in a synopsis. They are: I.
those not closed = open or indeterminate : 11. closed ; and these
1, with the margins not overlapping = valcate; 2, with margins
overlapping ; a, one or more with both margins covered = {mbri-
cate; b, all with one margin covered, the other uncovered —
convolute.

260. Plicate or Plaited, when applied to the flower-bud as a
whole, is in a somewhat different category. The term is here
used for the plaiting
of a tube or cup,
composed of a circle
of leaves combined
into one body. It
is well marked in
the corolla of Convolvulus and of Datura, and
in most of the order to which these belong. In
Campanula, these plaits are all outwardly sa- 21
lient and straight (Fig. 265) ; in the corolla of
most Gentians, the plaits are internal and straight.

In Convolvulus and Datura (Fig. 266-268),

the narrow plaits overlap one another in a con-

volute way, when they are said to be Supercolute.

In the common Morning Glory and some other 2
species of Ipomcea, these plaits are besides spirally twisted or

1 See article entitled “ ZEstivation and its Terminology,” above referred to.
The earliest name is Obvolute, given by Linneus to the kind of vernation in
which two leaves (conduplicate ones in his diagram) are put together so
that one half of each is exterior, the other interior. That is just the mode
in question reduced to a single pair of leaves, as it is in the calyx of a Poppy.
Mirbel is the only botanist who has applied the term to @stivation, and to a
circle of more than two leaves, and it has never been adopted in botanical
descriptions. It has the disadvantage that the prefix ob to botanical terms
means obversely or inversely. Contorted (contorta), in English Twisted, is in
early and is the commonest use, and it is sometimes expressive. The objection
to it is, that contortion or twisting of the flower-bud often conspicuously oc-
curs where there is no overlapping of edges (as in many species of Ipomeea) ;
that really no twisting accompanies the overlapping in a majority of cases
of this mstivation; and that when there is a twisting it is not rarely in the
direction contrary to the overlapping; so that the contortion needs to be

FIG. 265. Cross section of the extrorsely plicate or plaited tube of the corolla of
a Campanula in the bud. 266. Same of a Convolvulus (Calystegia), the plaits convolute
or supervolute,

FIG. 267. Upper part of unexpanded corolla of Datura; the plaits convolute or
supervolute. 268. Cross section of the same.
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contorted in the opposite direction; that is, the plaits overlap
to the right and are twisted to the left.!

261. Direction of Overlapping, &c. This is to be noted in the
ternary, quinary, or other forms of spirally disposed imbrication,
also in convolute and twisted or contorted wstivation. It
may be either to the right (dextrorse) or to the left (sinistrorse).
The application of this term depends upon the assumed position
of the observer, whether outside or inside. We always suppose
him to stand outside, in front of the object: so when the over-
lapping is from right to left, of the observer thus placed, as in
Fig. 266, it is sinistrorse; when from his left to right, as in
Fig. 267, 268, dextrorse.? The direction is generally constant,
but in many cases only prevalent, in the same plant or the same
species, or even the same genus: sometimes it is uniform or
nearly so throughout a whole natural order.

separately expressed. To describe the ®stivation in such cases as dextrorsum
contorta et sinistrorsum torta (or in similar English words), when the overlapping
is to the right and the twisting to the left, is at least awkward and cumbrous.
Convolute is a fitting name, of occasional early application to this sstivation
(as Ly Jussieu to the petals of Malvaviscus), but without definition in this
sense ; it has for many years been steadily adopted by the present writer,
is employed Ly Eichler in Germany, and has recently been adopted by
G. Henslow and others in Great Britain. It has, however, the disadvantage
of having been used by Linnaus to express the coiling of single leaves, and
in a manner not wholly congruous, but still with one edge outside and the
other inside.

1 In our phraseology, dextrorsely convolute and sinistrorsely contorted ;
in the current phraseology above referred to, dextrorsely contorted or twisted
and sinistrorsely twisted!

2 The reasons for adopting this view (in opposition to the authority of
Linnzus and DeCandolle) are given in note on p. 61.
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CHAPTER V.
ANTHOTAXY, OR INFLORESCENCE.

262. INFLORESCENCE, a term which would literally denote the
time of flower-bearing, avas applied by Linngeus to the mode, that
is, to the disposition of blossoms on the axis and as respacts
their arrangement with regard to each other. ANTHOTAXY, a
name formed on the analogy of phyllotaxy, and denoting flower-
arrangement, is a better term. The subject really belongs to
ramification (83, 14-16), and is also concerned with foliation
and with phyllotaxy. It is most advantageously treated apart,
immediately preceding the study of the blossom itself.

263. In and near the Dblossom,
both axis and foliage very commonly
undergo modification, either abrupt or
gradual, giving rise in the former to
Peduncles and Pedicels, in the latter to
Bracts and DBractlets.

264. A Braet (in Latin Bractea) is a
leaf belonging to or subtending a
flower-cluster, or subtending a flower,
and differing from the ordinary leaves
in some respect, usually in shape and
size, not rarely in texture and color.?

They are commonly, but not always,

reduced or as if depauperate leaves, of

little or no account as foliage, but some-

times of use for protection, sometimes

rivalling the highly colored flower-leaves

for show, more often insignificant or 29

minute and functionless, sometimes obsolete (as in Crucifers), or

1 Bracts of the first order are sometimes called floral leaves (Folia floralia),
or at least these are not well distinguished from bracts. But the term floral
leaves is descriptively more properly and usually applied to leaves below
the bracts or proper origin of the flower-clusters, yet near them, and un-
like the proper cauline leaves. It is a vague term, and.is in some danger of
being confounded (as it never should be) with another vague term, viz.
flower-leaves, or the leaf-like organs of the flower itself.

FIG. 269. Bract (spathe) of Indian Turnip, partly cut away below to show the
fleshy spike (spadix) of flowers which it surrounds.
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fugacious. Each flower is subtended by (grows from the axil
of) a bract in Fig. 277-280, &c. A cluster of flowers is sub-
tended by a conspicuous and colored bract in Fig. 269, 270, 271 ;
by a circle of colored bracts, imitating white petals, in Fig. 294.

SPATHE is the name given to such an enclosing bract, or
to two or more leaves successively enclosing a flower-cluster.

INvoLUCRE is the name given to a circle or spiral collection of
bracts around a flower-cluster, as in Cornel (Fig. 294, also in Fig.
280 and 286), or around a single flower, as in Hepatica and
Mallow. A compound inflorescence may have both a genersl
and a partial involucre, one for the general flower-cluster, otheis
subtending the partial clusters. The name of involucre is then
reserved for the general onc; that of

InvoLuceL is applied to the partial, secondary, or ultimate
involucres.

BractiLETs (Lat. Bracteola, diminutive of bract) are bracts of
e secondary or ultimate order. For example, in the slender
flower-cluster, Fig. 277, b is a bract, subtending ecach individual
flower-stalk ; b’ is a bractlet, or bract of secondary order, borne
on that partial flower-stalk itself. The French naturally translate
the Latin bracteola into bractéole (pl. bractéoles) : in English,
bractlet is an idiomatic and better diminutive.

Parers (Lat. Palee), also called Chaff, are diminutive or

FIG. 270. Monophyllous spathe of Indian Turnip, with tip more erect. 271. Spathe
aund spadix of Calla. 272. Raceme of Cherry, leafy at base. 273. Dichotomous cyme.
274. Panicle of Meadow-Grass. 275. A corymb.
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chaff-like bracts or bractlets on the axis (or receptacle) and
among the flowers of a dense inflorescence, such as a head of
Composite (275, Fig. 287, 288) ; and the name is also given
to an inner series of the

GruMEs of Grasses. These are peculiar chaffy bracts or bract-
lets which characterize the inflorescence of Grasses and Sedges.

265. Peduncle is the general name of a flower-stalk, that is,
of an axis or stem, which instead of foliage, or at least ordi-
nary foliage, supports a
flower-cluster or a single
flower. In Fig. 276,
each peduncle (rising
from the axil of an ordi-
nary leaf, and therefore
answering to a branch) ) 26
bears a solitary flower. In Fig. 277, the peduncle bears a series
of flowers, or a flower-cluster. In this instance, each flower is
borne on a flower-stalk of its own, that is, upon a

Peprcer. This is the name given to distinguish
a partial flower-stalk, or, more strictly, the stalk
of each individual flower of an inflorescence. (Fig.
277-284.) 1In less simple flower-clusters, with
ramification of two, three, or more grades, gencral
peduncle, partial peduncles, and pedicels have to be
distinguished : the term pedicel is reserved for the
ultimate ramification.

Scape is the name given to a peduncle rising
from the ground, as that of most Primulas, of
Dodecatheon, Hepatica, and the so-called acaules-
cent or stemless Violets. 4

RuacHis (backbone) is a name given to the axis »
of inflorescence ; that is, the continuation of the
stem or peduncle through a somewhat elongated
flower-cluster, as in a spike of Birch or of Plan-
tain, Fig. 289,290. When this axis is short, as in (g
a head (Fig. 285-288), it is usually called the
RECEPTACLE, a word also used for the axis or cauline- o7
part of a flower. The context should show when receptacle of
inflorescence, and when receptacle of the flower itself, is meant.
Both belong to axis or stem.

FIG. 276. Moneywort, Lysimachia nummularia, with axillary one-flowered
peduncles.

FIG. 277. A Raceme, with a general peduncle ( p), pedicels (/), bracts (b). and
bractlets ().
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266. Position of Flowers or Clusters. Flower-buds aecerd
with leaf-buds in origin, position, and structure, to this extent at
least, that the parts of both are leaves or homologues of leaves,
crowded in whorls or spirals upon a short portion of stem or
axis; and as leaf-buds are either terminal or axillary (15, 75)
so also are flower-buds; as a leaf-bud may give rise to a simple
or a compound growth, 7. e. may branch again and again, or not
branch at all, so flower-bearing branches, or the: flower-bearing
extremity of a stem or branch, may bear a single flower, or a
more or less compound cluster. Thus, in Fig. 276, an axillary
peduncle, or naked branch, bears at apex a solitary flower; in
Fig. 277, a peduncle bears a loose cluster of flowers, each of
which springs from the axil of a small bract; in Fig. 285,
a terminal peduncle bears at summit a dense flower-cluster:
Flowers are either solitary or in clusters. When solitary, they
are naturally without bracts, being subtended instead (as in Fig.
276) by ordinary foliage.

267. The elevation either of a solitary flower or a cluster on a
peduncle, or of individual flowers of a cluster on pedicels, is only
incidental. The flowers may be stalkless, i. e. sessile.

268. The Kinds of Inflorescence which have received distinctive
names are various, but are all reducible to two types, which,
generally well marked, may sometimes pass into each other, and
which are not rarely combined in the same. compound inflores-
cence.! The two types differ in basis as do axillary from ter-
minal buds ; in the one the flowers are axillary or lateral, in the
other terminal in respect to the axis from which each flower or
its pedicel arises. But inasmuch as every flower, whatever its
position, is terminal to its own stalk or axis, it is better to dis-
tinguish the two types in other terms, and to naine them the

269. Indefinite and Definite, or, in equivalent and similar terms,
the Indeterminate and Determinate.? Each may be either simple
or compound. It is from the simple that the definitions are to
be drawn. In the former type, the rhachis or main axis of the
inflorescence is not terminated by a flower, but lateral axes, or
pedicels, are. In the latter, both the main or primary and the
lateral or secondary axes or stalks are so terminated. An inde-
terminate flower-cluster- may go on to develop internode. after

1 Inflorescence, 3s has been well insisted on by Guillaud (in Bull. Soc.
Bot. France, iv. 29), is a mode, not a thing. The things sometimes but in-
appropriately so called are flower-clusters, for which, if a general technical
name is needed, that of 4nthemia, in English Anthemy, suggested. by Guillaud,
is as good as any.

2. Also named by Eichler (Bliithendiagramme; 33, following Guilland, 1 c.)
the Cymose and the Botryose type.
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internode of axis, and one. or more leaves (bracts) at cach node,
and then a flower in the axil of each bract, until its strength or
oapability is exhausted. Or it may stop short with very few
flowers ; but the uppermost and youngest one will not really ter-

N

w.’ g

minate the rhachis (¢.e. come from a terminal bud), though it
may appear to do so. (Fig. 272, 277-279, &c.) The lower
flower-buds are evidently the oldest, and accordingly the first to
expand ; and the expansion will proceed regularly from below
upward : wherefore this type of inflorescence has been called the
Ascending or Acropetal; likewise the Centripetal, because, when
the flowers are brought to the same level or near it (as in Fig.
279, 280) by a lengthening of the lower pedicels, with or with-
out relative shortening of the rhachis, the evolution
is seen to proceed from circumference to centre.
% There is thus no lack of names; but, inasmuch as
the following type is commonly referred to under the
general name of Cymose, to this has recently been
given the counterpart name of Botryose. (271.)

282 287
270. A determinate flower-cluster (as seen in its gradual
development which is not rarely presented) has the last internode

FIG. 278-280. Diagrams of indefinite, indeterminate, contripetal, or botryose in-
florescence: 278, Raceme; 279, Corymb; 280, Uiwbel.

FIG. 2x1-284. Diagrams of definite, determinate, centrifugal, or cymose inflores-
cence: 281, a false or descending raceme; 282, a solitary terminal tlower ; 283, same with
twp lateral flowers. developing, forming a 3-flowered cyme; 284, rame with lateral
peduncles 3-flowered, or a pair of 3-flowered cymes, beside the central or primary
terminal flower.
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of its axis terminated by a flower (Fig. 281-284), which answers
to a terminal bud. If more flowers appear, so as to compose a
cluster, they spring from the axils, preferably from the highest
axils, and are later. The order of evolution is shown in the figures
by the size of the flower-buds or degree of expansion of the
blossoms. Fig. 281 best shows why a determinate or definite in-
florescence is sometimes said to be Descending ; Fig. 283 shows
why it is called Centrifugal, the central flower first expanding ;
Fig. 284 exhibits the lateral or circumferential partial clusters
later than the central blossom, and their lateral flowers later
than their central.

271. Varieties of Indeterminate or Botryose Inflorescence. The
names of most of these have been fixed from the time of Lmnaaus,
but defined without reference to the order of evolution of the
flowers. They are the Raceme, Corymb, and Umbel, with flowers
raised on pedicels; the Spike and Head, with sessile flowers;
also some modifications of these, notably the Ament and the
Spadiz. The raceme may be taken as the type. Botrys is
equivalent to racemus, &c.; and, as the type includes diversity
of forms to which the name racemose would seem inapplicable,
the term botryose (botrytischen of Eichler) is best chosen as the
general name of it, and is a good counterpart to cymose for the
other type.

272. A Raceme (illustrated in Fig. 272, 277, and by diagram
in Fig. 278) is a simple flower-cluster, in which the flowers,
on their own lateral or axillary pedicels and of somewhat equal
length, are arranged along a relatively more or less elongated
rhachis or axis of inflorescence. The common Barberry, Cur-
rant, Choke-Cherry and Black Cherry, and Lily of the Valley
are familiar examples.

273. A Corymb (Fig. 275, 279) is a shorter and broader
botryose cluster, which differs from a raceme only in the relatively
shorter rhachis and longer lower pedicels; the cluster thus be-
coming flat-topped or convex. The centripetal character is thus
made apparent. The greater number of the corymbs of Linnzus
and succeeding botanists are cymes, the central flower first ex-
panding. And the term corymbose or corymb-like is still much
used in descriptive botany for a ramification which is mainly of
the cymose type, and where in strictness the term c¢ymose should
be employed.

274. An Umbel (Fig. 280), as in Asclepias, &c., differs from
a corymb only in the extreme abbreviation of the rhachis or axis
of inflorescence, and the general equality of the pedicels which
thus all appear to originate from the apex of the peduncle, and
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so resemble the rays of an umbrella; whence the name, and
whence also the pedicels or partial peduncles of an umbel are
termed its Rays. The bracts, brought by the non-development
of internodes into a depressed spiral or apparent (or sometimes
real) whorl, become an involucre. (264.) An umbel or any
similar cluster when sessile (without a common peduncle), and
the parts crowded, is sometimes called a Fascicle (or the pedicels
said to be fascicled) ; but this term has been differently defined.
(280.) It is better not to use it for any special kind of inflores-
cence, but simply in the sense of a bundle of whatever sort.
This will accord with the sense in which it is applied to an
aggregation of leaves. (248.)

275. A Head or Capitulum (Fig. 285) is a globular cluster of
sessile flowers, like those of Red Clover, Button-bush, and
Plane-tree. The pedicels need not be absolutely wanting, but
only very short. An umbel
with pedicels much abbrevi-
ated thus passesinto a head,
as in Eryngium, &c. And
a head with rhachis clongated
passes into a spike. The
short rhachis of a head very
commonly takes the name of
receptacle. (265.) The whole
may be subtended by con-
spicuous bracts forming an
involucre (264) as in Fig.
286, or may be destitute of
any, as in Fig. 285. On ac-
count of the compactness
and mutual pressure under
growth, the bracts among
the flowers of such heads (normally one subtending each blos-
som) are apt to be rudimentary, reduced to little scales, or
abortive, or completely wanting. In the latter case, the recep-
tacle is said to be naked (nude), ¢.e. naked of bracts: when
they are present, it is paleate or chaffy. A peculiar sort of head,
not undeserving a special name (though this is not neccessary
in descriptive botany), is the

Antnobivy, the so-called Compound Flower of the earlier
botanists, which gives the name to the vast order of Composite.

FIG. 285. Cephalanthus occidentalis, the Button-bush; a pair of leaves, and a
terminal peduncle bearing a dense head (capitulum) of ﬂowers
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The name means ‘ resembling a flower.” Although it has all
the characters of a true head, the resemblance to a flower is

remarkably striking, the involucre imitating a calyx, and the
strap-shaped (ligulate) corollas of the several flowers imitating
the petals of a single blossom. In some (such as Dandelion
and the Cichory, Fig. 286), all
‘the flowers of the head bear
these petal-like corollas; in
more (such as Aster, Sun-
flower, and Coreopsis, Fig.
287), only an outer circle of
flowers does so; the remain-
der, smaller and filling the
centre (or disk), may by the
casual observer be taken for
stamens and pistils, and further the deception. The rhachis
or receptacle of a head of this kind is eommonly depressed,
bearing the flowers on what then becomes the upper surface,
which adds to the imitation.?

Syconium. This name, given to the Fig-fruit, should he here
referred to, as it is a sort of inflorescence, of the general nature
of a head, but with receptacle external and flowers enclosed

1 The receptacle of an Anthodium has been termed Clinanthium or Phor-
anthium ; and its involucre, a Periphoranthium or Periclinium. The head has
likewise been named a Cephalanthium.

FIG. 286. Flowering branch of Cichory, with two heads of ligulate flowers, of
natural size.

FIG. 287. Vertical section of a head of flowers of a Coreopsis.
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within. See Fig. 657-659 (683), where its morpbology is ex-
plained and illustrated. Viewed as an inflorescence, it has also
been named a HYPANTHODIUM.

276. A Spike is a cluster of sessile (or apparently or nearly
sessile) lateral flowers on an elongated axis. It may be de-
fined by comparison, as a head with the rhachis lengthened
(indeed a young head often becomes a spike when older), and
equally as a raceme with the pedicels
all much shortened or wanting. A
common Mullein and a Plantain
(Plantago, Fig. 290) are familiar ex-

¢ amples. Two modifications of the
spike (or sometimes of the head) gen-
erally bear distinct names, althongh
not distinguishable by exact and con-
stant characters, viz.: —

Spapix, a spike or head with a
fleshy or thickened rhachis. The
term is almost restricted to the Arum
family and Palms, and to cases in
which the inflorescence is accompanied
by the peculiar bract or bracts called
a spathe (Fig. 269-271). But the
two do not always go together: in
Acorus and Orontium there is properly
no spathe to the spadix; while in the
Iris family the bracts are said to form
a spathe, and there is no spadix. In Palms, the principal reason
for naming the inflorescence a spadix is its inclusion in a
spathe before anthesis.

FIG. 288. A slice of Fig. 287, more enlarged, with one tubular perfect flower (a)left
standing on the receptacle, and subtended by its bract or chaff (J); also one ligulate
and neutral ray-flower and part of another (c,¢): in d, d, the bracts or leaves of the
involncre are seen in section.

FIGQ. 289. Catkin of White Rirch. 290. Young spike of Plantago major.
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AMENT or CatriN. This is merely that kind of spike with
scaly bracts borne by the Birch (Fig. 289), Poplar, Willow, and,
as to one sort of flowers, by the Oak, Walnut, and Hickory,
which are accordingly called amentaceous trees. Catkins usually
fall off in one piece, after flowering or fruiting. All true catkins
are unisexual.

277. Any of these forms of simple inflorescence may be com-
pounded. Racemes may themselves be disposed in racemes, spikes
in spikes (as in Triticum), heads
be aggregated in heads, nmbels in
umbels, corymbs may be corym-
bosely compound, &c.; forming
compound racemcs, spikes, umbels,
and the like, the terminology of
which is casy. The most usual
case of truly homomorphous com-
pounding is that of umbels ; the
inflorescence of much the larger part of Umbellifere being in
compound umbels, as in Fig. 290" There is then the gencral

umbel, the rays of which become peduncles to
the partial umbels, and the rays of the latter
are pedicels. Umbella and Umbellule desig-
nate in Latin terminology the general and its
partial umbels. Umbellets (coined by the late
Dr. Darlington) may well replace the latter
as the English diminutive. But umbels are
sometimes racemosely arranged, as in Aralia
spinosa, heads may be arranged in spikes,
and so on.

278. A Panicle, of the simple and normal
sort (as illustrated in Fig. 291), is produced
when a raceme becomes irregularly compound
by some (usually the lower) of its pedicels
developing into peduncles carrying several
flowers, or more than one, or branching again
and again in the same order. But in com-
pound clusters generally the secondary and
tertiary ramifications are apt to differ in type
as well as in particular mode, giving rise to
heteromorphous or mixed inflorescence. (288.)
As Linnaeus defined the term, and as it has generally been em-
ployed in botanical descriptions, the panicle is a general term

FIG. 2002. Compound umbel of Caraway. 291. A simple panicle.
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for any loose and diversely branched cluster, with pedicellate
flowers. It is therefore difficult to restrict it in practice to the
indeterminate type.

279. Varieties of Determinate or Cymose Inflorescence. The
plan of this type has been sufficiently explained. (270.) Its
simplest condition is that of a solitary terminal flower, peduncu-
late or pedicellate (as in Fig. 282), or sessile. The production
of more flowers necessitates new axes from beneath, from the
axils of adjacent leaves or bracts. These, being later, render
the evolution centrifugal. The simplest flower-cluster (unless
we call the solitary flower of Fig. 282 a one-flowered cluster) is
that of Fig. 283, where a secondary floral axis or peduncle has
developed from the axil of each leaf of the uppermost pair, or
where with alternate leaves there is a single uppermost leaf, and
then only one such peduncle, and thus is produced a three- (or
two-) flowered cymose cluster. The flower of the primary axis
is marked by its bractless peduncle (therefore a pedicel) ; the
lateral and secondary peduncles are known (commonly or nor-
mally) by their bracts or bract; the portion below the bracts
is proper peduncle; that above, of single internode, pedicel.
Bracts, like other leaves, have potential buds in their axils ; these
in an inflorescence give the third order of ramification, each
branch tipped with its flower; and so on.

280. The Cyme is the general name of this kind of flower-cluster
in its various forms. One of these very simple cymes, by itself or
as a part of a larger cyme, may be called a Cymule. The regular

292

cyme usually accompanies opposite or other grades of verticillate
leaves, but is not rare in the alternate arrange