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PREFACE.

" HaviNg been for several years a Teacher of Botany, I have had considerable opportunity of experi-
menting on the happiest means of imparting this delightful science. The importance of Pictorial
Tllustrations, systematically combined for regular exercises, early suggested itself. A new system of
teaching was thence wrought out, consisting of a set of Diagrams made to Illustrate Oral Lessons ; and
the plan was eminently successful. Those Lessons and Diagrams are reproduced in the present work,
- with such extension and improvements as the written form, and the superior light and progress of
the times, admit and demand. The Illustrations are presented to the eye in large groups, and are
- either immediately, or very nearly, associated with the cotresponding portions of the Text. They
are designed to be used as regular exercises for study and recitation, the same as maps in Geogra-
phy. They are, in fact, but a recapitulation of the text in another form ; and thus, while they re-
peat the idea, they also give a pleasing variety to the lessons; and appealing from the eye to the
mind, and the reverse, they awaken the most lively associations, tending to fix the impressions not
only in the memory, but also in the heart.

It is a remarkable fact, that with all the beauty of flowers, and the universal love of them which
prevails in the world, the Science of Flowers is one of the most unpopular—the dryest and the
dullest—in the common estimation—to which the attention of the student is ever called. But there
can be no intrinsic necessity of this. Objects which are externally so beautiful, and which address .
themselves to the finest affections of the soul, must, in their internal structure, their habits, and all
the relations of their beautiful life, present corresponding associations of beauty and love, whenever
true and familiar views can be obtained. ‘An attempt is made in the present series to disarm the
science of at least a portion of those terrors with which it has been long invested, and to make it in-
teresting and attractive to the common mind. As the love and observation of flowers are among the
earliest phenomena of the mental life, so should some correct knowledge of them be among the ear-
liest teachings. The work, then, should egin at home. But there should be also good Contox-
ScHOOL BoOks, which are at once so cheap and so pleasing, that they may, and wiLy, be bought and

used.
543507



iv PREFACE.

The Primary Class-Book of Botany (one of the present series), is intended to supply this great
want of a Common-School book, which shall be at once clear, simple, and thorough in its details, so
as to render the science attractive without diluting it. It consists substantially of the First Part
of the Present Volume. It is unencumbered with useless technicalities and synonyms, and is so
simple and direct to the point, that any Teacher of even common penetration and address can enter
at once into the spirit of the lessons; and thus, while he is teaching, be preparing himself along
with the scholar, to enter the analytical course of study, should his taste incline that way.

Teachers will observe that in the references to the Illustrations, contained in the Text, the num-
ber of the Plate is given but once ; hence all figures are included in the one last mentioned, till
another is introduced.

Part II., or SysTEMATIC BoTANY, containing the F'Lora, has some important points for an ele-
mentary work, among which are the simplicity and directness of the synopses, the clearness and ful-
ness of the descriptions, the nice distinctions observed between nearly-allied species, and a very high
degree of simplicity and clearness in the analyses.

To those who have a desire to cultivate-their minds, but are unable to expend much time or
money for the purpose, this work offers signal advantages ; for in the intervals of recreation and rest,
when a heavier volume could not be attempted, this would attract and please ; and by its aid they
may gratify their natural taste by attaining a competent knowledge of this charming science, with
perhaps the will to pursue it further, and make themselves thorough and accomplished scholars.
Asg‘it can be studied without a Teacher, it is especially intended for the Working Classes, who have
hitherto been cut off from a knowledge of the science by the heaviness or abstruseness of the best
systematic works on the subject. If it could only be accepted as the bearer of good tidings, it would
open to the Worker treasures of thought, feeling, beauty, fairer than the pearls of the East, and
richer than the beaten gold of Ophir—treasures which all the wealth of the Universe could not
purchase ; for it would invest him with a transmuting power, to change the meanest objects into the
most beautiful. A common weed, nay, a simple leaf, or blade of grass, would be transfigured before
him—a luminous expounder of the Divine Life—radiant with gems of undying truth. Could
young persons only know the value of this power they would never sigh for the frippery of fashion,
the outside show, or the misnamed pleasures of the world. Let this volume, then, fulfil its mission,
by scattering flowery truths in the too often waste-places of the world. Let it go to the workshop
and the cotton-mill ; and the sons ‘and daughters of Toil will find the fable of Aladdin more than
realized ; for the lighted lamyp of science shall unlock a world, rich beyond all human conception,
with treasures of immortal life and beauty.

In closing, I would say that access to the best works on the subject has been made easy to me ;
and among these I would particularly acknowledge benefits received from those of Wood, Gray, and
Torrey & Gray.

F. H. G.
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ANALYTICAL CLASS-BOOK OF BOTANY.

INTRODUCTORY CHAPTER.

1. Warking abroad in the fields, we are met on
every hand by an inexhaustible variety of plants and
flowers, which not only attract our attention, but call
forth our affections in a very lively and peculiar manner.
Their colors, their forms, their odors, cxeite the most
agrecable sensations. These emotions, however, we have
in common not only with the uncultivated of our own
species, but also, to some degree, even with the lower
animals. The intelligent nunan BEING would look for
something within—something deeper, higher and truer,
which is only shadowed forth in the external character—
that the mind may enter into their life, and imbibe their
freshness, their purity and beauty, as its own aliment.

2. Here closeat hand is a little plant—(plate I. fig.
1)—a species of "Gbnvolvulus—which will illustrate for
us this necessity. In its tiny form, simple and fragile
as it appears, are contained all the wonderful seerets of
Vegetable Life. It is a complete Book of Laws, written
by the unerring finger of God, in the indelible lines of
Truth. The Oak, whose years are numbered by centu-
rics—the old Cypress and Baobab, whose full life may
only be reckoned by ages, can exhibit nothing whose type
is not already found here. It is true that this volume is
written in an unknown tongue. But would you become
acquainted with its language—would you ecall forth its
interior beauties—would you penetrate its divine myste-
ries—come with me. Let us take each other by the
hand—Teacher and Pupil—and go forth together, side
by side, that we may better obey the command of Wis-
dom, and “consider the lilies of the field—7%ow they
grow.”

CHAPTER II.

BOUNDARIES DEFINED,

3. Tre science of Vegetable Life is called Botany.
It unfolds a knowledge of the clementary composition,

Subject of the chapter. What is Botany ? What docs it unfold? What ne-
cessary to study a plant inmlligenu;}lg(jnq Organ. Instances. Vegetables

structure, habits, functions and systematic arrangement
of plants, and is divided into several departments, all of
which will be defined as we proceed.

4. But in order to study the plant intelligently, we
should be able—at least with a considerable degree of
precision—to determine what it is—or to distinguish it
from other forms. For this purpose you will give your
attention to a few simple prineiples, which will greatly
assist us in this matter.

5. AN oreaX is an instrument of motion, by help of
which a living body is able to perform certain actions,
that are hence called organic, or vital. The leaves and
stems of plants, the hands, feet, and eyes of animals, are
such instruments, and therefore organs. Vegetables,
then, as well as animals, possess and work with these in-
struments; and for this reason they are called organie,
or living beings; and in the whole course of study this
fact must not be lost sight of—that the plant is not only
a vitalized structure, but a living being—governed by
vital laws.

6. Mixerar masses—such as Barths, Stones, and
Metallic Ores, have no organs; but their substance is
uniform throughout. They are hence termed INoraanic,
and are ranked together in one great class, which is usnal-
ly denominated the Mineral Kingdom.

7. A Mixeran may be defined as an inorganic mass
of matter, endowed with a merely passive existence, and
exhibiting none of the attributes or phenomena of life.

8. Let us refer again to the small Convolvulus, which
may be considered as the type of a perfeet plant, since it
has all the essential organs—roots, a stem, leaves and
flowers; and we know that each of these organs performs
certain offices, or functions, in its life and growth, which are
essential to its development and preservation. Hence, if
any of these should be removed, or greatly injured, the
health of the whole plant would be affected, and perhaps its
life destroyed. - 'We know that this organisim is developed
from a seed, and nourished by certain substances which
may properly be termed food. We know also that plants

organic—why ? Inorganic bodies—describe, Collectively, what termed? De-
fine Mineral. What facts of the plant at 8% Dofine Plant. Plauts collectivoly
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cwnbt. 'vﬁlk ‘\bout or move themselves to and fro, at will,
“but are, fm; ‘the. _most part, fixed to the spot where they
ﬁrut grew. . -_'lhkmg these facts for a basis, a PLaNT may
be defined as an organized structure, which was derived
from a parent, or parents, and exhibits the phenomena
of nutrition, growth, reproduction,decay and death. The
collective family of plantsis called the Vegetable Kingdom.

9. Tue Axmvarn. “In addition to the above merely
vegetative functions, the animal is able to move himself’
about with more or less freedom, to feel emotions of plea-
sure and pain, and to act according to the dictates of cer-
tain impressions which are collectively called Instinct,
and are a substitute for that faculty which is termed
Reason in the superior intelligence.

10. An Animal is an organized being, which was
derived from parents, and exhibits the phenomena of
nutrition, growth, reproduction, sensation, voluntary
motion, and tintelligence. Animals collectively form
the Animal Kingdom.

11. But though it is very easy to distinguish a rose
from a diamond, or a butterfly from either, and to dis-
tribute them all into their respective places, yet there
are points where the Animal and Vegetable Kingdoms
approach each other so nearly, that their absolute
boundaries are, as yet, a subject of question. We will
not at present disturb these equivocal positions, but turn
to the distinctions between organic and inorganic forms,
which are so broad and well defined as to admit of no
controversy.

12. Between Organic and Inorgamc forms there are
four principal differences. These are, their mode of
expansion, their mode of subdivision or multiplication,
their outlines, and their periods of duration.

13. First DistincTioN.—Minerals expand by accre-
tion, or the deposition of particles on the ouTsipk,
They are merely enlarged. Living bodies are NOURISHED
BY FooD, which, acted upon by internal forces, is finally
converted into their own substance. Theyserow ; and
by this power of assimilating foreign substances, the
structure is developed and sustained.

14, Secoxp DistiNcTiON.—Animals bring forth
young, and plants are produced from seEps, which are
young plants in an undeveloped state; but minerals are
multiplied only by mechanical subdivision. They
never have offspring.

15. Tmrp DisTincrion.—DMinerals, with the excep-
tion of crystals, have no determined proportions or sym-
metry of outline. They generally present angular sur-

faces, and in their most regular forms are measured by
straight lines. Organized beings have symmetrical
forms composed of definite parts, each shape being pro-
per to the species. They are mostly bounded by circular
surfaces, and measured by curved lines. -

perlods of duration, and thexr existence is mdeﬁmtely
prolonged. Orgamzed forms have an average penod of
life for every species.

17. Ax Oreaxzep Brine may be defined as one
which has been unfolded through a principle of life
transmitted from its parents, into certain parts, which
always maintain definite relations with each other,
and with the whole body. I¢ is mourished by food.
It grows until vt attains to certain proportions, which,
for any given species, have nearly a determined volume.
It has a limited period of life; and when its vitality
is greatly diminished, it pies. But a Mineral exhibits
none of these changes.

18. Between Animal and Vegetable forms the dis-
tinctions are not so obvious, nor can they always with
certainty be determined. But as only the lowest types
are thus confusédly thrown together, ultimate distinctions
become of comparatively small consequence. It may be
sufficient here to know some of the broader lines of sepa-
ration.

19. First DisTiNcTion.—Plants only are nourished by
mineral food, and transform this into organic tissues. Ani-
mals universally subsist on the aliment thus transformed.

20. Seconp DisTiNcTioN, — Vegetable tissues are
composed of only three chemical elements— carbon,
hydrogen and oxygen. Animal tissues are composed of
four—carbon, hydrogen, oxygen, and nitrogen or azote.

21. Tairp DistincTion.—In the lowest form of
plants we find many species which are composed of a
single cell, without any other organization whatever ;
but even in their lowest condition, animals exhibit a far
higher degree of complexity than this, as you may learn
from the observations of Ehrenberg, and other natu-
ralists, who have studied the anatomy of rudimental
tribes.

CHAPTER IIL
) THE PRIMITIVE CELL.

22. TarE science of Botany presents itself under two
general aspects. First, we study plants as individuals,

what? Define Animal. Animals eoliectively, what? Boundaries of the three
great Kingdoms. Between Organic and Inorganic bodies, how mauny points of dif-

ference? First Distinetlon—Second—Third—TFourth—Organized being, define.
What of distinctions between Animals and Vegetables—First—Second—Third ?
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their elementary composition, structure, habits, and the
vital laws that govern them; and secondly, we regard
them in what may be termed their social or relative con-
ditions, as forming groups—specics, genera, tribes, orders
and classes. The first comprehends VEGETABLE ANAT-
ouy, Structural and Physiological Botany, and the last
Systematic Botany.

23. Under the first of these distinetions, in which
Natural History becomes a kind of biography, the Plant
will now be presented to your view; and if youattend to
this branch of the study with a Ioving mind, you may safely
promise yourselves a rich reward; for in nothing are plants
more beautiful, more wonderful, than in their anatomieal
perfection, the minute elements of their organism.

24. A knowledge of the elementary composition
and intimate structure of those organs of which plants
are composed, is termed VeeeTasLE AxaTomy. This
may properly be considered the basis of the whole science,
since, if we thoroughly understand the parts, we can
more clearly and truly comprehend the wunoLe.

25. Let us take up the Convolvulus again, and make
a few more observations. At a glance we are struck
with a great dissimilarity of structure in the substances
of which its different organs are composed. In a single
leaf we find certain soft, succulent parts, which form the
expansion, or blade, and a fibrous portion that makes the
frame-work, its stalk and veins. But these differences
become more apparent and remarkable when we throw
them into a stronger contrast. What could be more
unlike each other than the tough wood or coarse bark of
a forest tree, and the delicate petals of this little flower ?
In order to perceive the reason of thése differences, we
must have recourse to the Microscope.

26. Fmst Form or THE Crrn.—Let us take a
small picce of this Melon leaf, and place it so that its
cut edge, or thickness, will be presented to the action of
the lens (sce fig. 6). We now find, instead of the plain
surface that appeared to the naked eye, a collection of
roundish sacs or bladders, that look somewhat like little
green eggs. Of these the whole substance, exc he
stalk and veins, is composed ; and hecause they are'elosed
on all sides, like small chambers, they are called crLrs.
The upper cells are seen at u, the lower ones at I; h,a
hair; ¢, one of the canals connected with the breathing
pores; s, spaces between the lower cells; and £, a bundle
of fibre. ,

27. Here we have arrived at the basis of the whole

3

structure. This minute and delicate cell-work is the
parent of all the vegetable tissues, from the tender floret
that blooms and fades in a single day, to the heart of
Oak, that only hardens with the storms of centuries; the
Mushroom, that lives, and grows, and perishes in an
hour; the Herb, Shrub, or Tree, whose life may be
measured by months, or years, or ages, from the little
Bell-flower, that blossoms at our f@et, to the giant Plane-
tree of the primeval woods, may each be traced to a com-
mon origin—in a cell-work so minute, that only by help
of the microscope can we detect its presence.  All these
very different structures are built up of the same mate-
rial. The elements are few and simple, but their combi-

nations are infinite. . i

28. A plant may be considered as an assemblage of
cells, out of which its whole fabric is wrought in a contin-
uous series, like a piece of lace-work ; and so simple is.
the mechanical arrangement, that a little child may com-
prehend it; while the wisdom of Sages may find subject
for study in the contemplation of its vital laws.

29. AppEsRANCE OF THE CELLS.—Sometimes they
represent a delicate net-work, as may be seen in the pith
at a, fig. 2, which represents a section of a woody stem.
They are oblong, and flattened in the bark, as at % 7,
while at 7 ¢ and ¢ ¢ they have nearly the same form ; and
because they seem to be woven, or wrought together, the
different textures thus formed are called Tissurs. These
in the course of growth assume various modifications,
and receive different names. The primitive tissue of
plants is the Crrionar Tissur, the component parts
and combinations of which we are now to consider.

30. StrucTure oF THE CELL.—~The walls are formed
of a firm, colorless, semi-trangparent membrane, and
during its whole life they remain closed on all sides.
The substance of this membrane is composed of carbon,
hydrogen, and oxygen, and is called Ceriurose. The
inner surface of the walls is coated with a viscid, yellowish-
semi-fluid !bstance, which, in addition to the elements
of pure cellulose, has a small portion of nitrogen, the
latter substance being always necessary to vital action.
Here, in this inner coating of its cells, the substance of
which is called ProTorLasy, all the vital forces of the
plant reside. Here are wrought all those marvellous
changes, which, the morc we know them, the more do
they call forth our admiration and astonishment; to wit-
ness, from means so few and simple, results so rich, and
varied, and manifold.

Subject of tho chapter. Two general aspects of the science. Plants as
Individuals—study comprehends what? Planta in Gronps—what? Which
division have you now entered on? Define Vegetable Anatomy. Observa-
tions on the Plant. Differences observed. Microscoplo observation. What

discovered? What called? Why? Parent of tissnes. (27) What may a
plant be considered? Appearance of the cells, Why called Tissues? Prim-
itive Tissue. Structure of the Cell. Sulstance of its walls, Of their semi-
fluid lning. In which is the vital action maintained ?
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31. Forus or THE CerL.— Very young plants,
whatever they are destined to become, contain only the
rudiments of fibre; and their whole substance may be
said to consist of roundish or oval cells, as you have seen
at fig. 6. But as the adjacent parts multiply and enlarge,
the cells, being compressed on all sides, assume a twelve-
sided form, and in the mass have the appearance of an
irregular honeycomb.” This is well shown in the highly
magnified section of Elder pith, fig. 7. There is a great
variety in the forms of the cell, and some of them are
extremely elegant. 'When subjected to pressure on two
opposite sides, they become flattened. This form wuni-
versally occurs in the cells of the outsid?a’integument, or
skin, of plants. A row of these flattened cells may be
seen at the upper and under surfaces of the Melon leaf,
fig. 6, and also in the bark and some other parts of the
section of wood, fig. 2.  Sometimes the cells assume the
appearance of prisms or cylinders ; here they are spindle-
shaped, there they are drawn out into long tubes or flat
filaments, and again they become stellate, and take the

- shape of beautiful little stars.

32. Lire or THE CrrL.—The cell walls, though

_entirely closed, are penetrable by liquids, and through

them every cell sucks up as much as it needs of the nu-
tricnt matter that surrounds it. This being acted on
by the vital forces, a chemical change takes place, and a
géparation occurs. The nutritive portion is taken up for
the nourishment and support of the tissues, while the
remaindeﬁéxpelled useless. In these acts the life
of the cell essentially‘ﬂfsts ; and the life of the whole
plant, which is but an aggregation of cell lives, can be
but a repetition of the same processes.

33. GrowrE oF THE Cern.—The nutrient matter
thus absorbed is applied to the interstices of the cell
walls, which, if no obstacle intervene, extend themselves
in all directions, until they reach a definite size, when
they are either absorbed by new cells, or they remain
permanently fixed. Having once attain@®l to a full
growth, their vitality gradually diminishes, “until at
length they cease to have any part in the actions of life.
Each individual cell may be considered as an independent
organism, having its own particular life, which it may be
said to support by its own labor; and though, like the
Corals, Sponges, and some higher animals, the Cells live
in a community, yet each of them, so long as it exists,
always maintains its own individual life, character and
action, truly as any of these.

34, MovrtrericaTioN oF CELLs.—When the nutrient

.

material has accumulated in a sufficient degree for the
support of the new cells, they immediately begin to be
formed. There are two principal modes of cell forma-
tion—first, by partitions, and secondly, by gemmation, or
BUDDING, from the free extremity.

(1.) By ParTrTion.—The cell lining is infolded,
until its extending edges meet and cohere, when a double
wall of cellulose is deposited, to strengthen and sustain
the new structure. Thus two, four, eight, or even a
greater number of Daughter-cells are formed, while gene-
rally the Mother-cells are absorbed in the new growth;
but sometimes they remain,

(2.) Gemymarion.—In this form: there is a regular
growing point, from which buds are protrﬁded. Some-
times the cells thus formed are again multiplied by par-
tition, and thus both modes are combined. Some of the
microscopic plants that develope in fermenting infusions,
as the Yeast plant, are said to grow by gemmation,
while in many of the fresh-water plants known as Con-
fervas, both forms are observed. The production of new
cells sometimes goes on with inconceivable rapidity
This may be seen in the rapid growth of the eommon
Mushrooms, which are composed entirely of cellular
tissue. These frequently spring up and grow to the
height of several inches in a single night; and in oue of
them it has been computed that twenty thousand new
cells are formed every minute! The growth of Mush-
rooms, like all vegetable growth, consists entirely of a
multiplication of cells.

35. Parexcayma. — Cellular tissue collectively is
called PArENcHYMA, and sometimes 1t 18 convenient to
have this distinctive term. When the cells are equally
flattened on all sides, as in the pith of Elder, fig. 7,
the parenchyma is comprLE®me; when they are not sub-
jected to equal pressure, as in the Melon leaf, fig. 6, it is
INCOMPLETE.

36. Oricixy or THE CEri.— This is not, as yet,
very clearly established; but a certain little body
termed the NucLEus is supposed to play an important
paitgin the process, because in the structure of cells it is
se at the particles arrange themselves around this
as acommon centre. It is not, however, always present.
In fig. 5 are represented two cells of the Snowberry, each
with its nucleus, a. There are also various currents to
be seen, either proceeding from or-toward the nucleus,
their direction being indicated by arrows. These cur-
rents are, without doubt, a result of the vital action in
the azotized semi-fluid lining of the cell wall, by which,

Formsof the cell, Life. Growth. Multipllcation. The two modes. Describe,
What may an individual Cell be considered? Instances of rapid growth Par-

enchyma. When complete? Incomplete? Origin of the Cell. What im-
portant part? Is it always present? .

-
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General Subjeet of the plate. What does fig. 1 represent? Of what isita
type? Why? Name its organs. What does fig. 2 represent? Which the
vertical rection? The Transverse? Meaning of Transverse. How different
from horizontal? Why? Vertleal, hew does it differ from Longitudinal ?
‘What part at @ 'What in the large white dots at top? Name the suecessive
bundles, boginning at @ What bandles of cells in the figure run in a vertieal
direction? What lines In a transverse or horizental direetion? Fig. 3, differ-
ence betwoen it and fig. 18, What other forms of the Duet? Fig. 4 Fig.5, 'nzh.
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it will be remembered (30), all the vital forces are main-
tained.

37. Tue Cerrunar SystEM.—The whole substance
of all very young plants, the petals of flowers, the pulp
of fruits, and a large portion of roots, seeds and leaves,
are composed entirely of parenchyma. Also all the lower
orders of plants, or all lower than the Club-mosses, as
Mushrooms, Sea-weeds, Liverworts and Mosses, are
made up exclusively of cells, being composed of mem-
branous walls and the juices which they contain, or of
simple cellular tissue. This, on account of its tendency
to expand in a direction parallel with the plane of the
horizon, as may be seen in Lichens, Sea-weeds and leaves
generally, is collectively named the HorizoNTAL SysTEM
of plants. The mechanical basis of parenchyma is mem-
brane, and the organic constituents of this are carbon,
hydrogen and oxygen.

CHAPTER IV.
TRANSFORMATIONS OF THE CELLS.

38. In the course of development, in almost all plants,
many of the cells undergo some very important changes.
These are chiefly caused by a thickening of the cell walls.
When this occurs, a SECONDARY DEPOSIT is made on their
inner surface. This new layer, by evaporation of the
water it contains, passes into the solid state, and thus
one layer within another may be formed, until the cavity
of the cell is nearly or quite filled up. Sometimes this
secondary deposit consists of organic material, solidified
by a portion of earthy matter, as in wood; at other
times it seems to he composed almost entirely of inorganie
substances, as in the stone of fruits and the shell of
nuts, which are nothing but cellular tissue encrusted by
earthy matter. :

39. The gritty tissue of the Qumce is composed of
cells formed in this manner, and so also igkthat of the
Pear, fig. 4, where it will be seen that the outline of the
cavity is very irregular—a eircumstance which, in these
cases, often occurs. Even such soft pulpy fruits ag the
Blueberry and Cranberry always have a portion of gritty
cells, which combine with their evanescent forms and
mellow juices the imperishable substance of the globe;
and we know by their deposition of ashes in combustion
that this is true of flowers, for the same material that

Cellular tissue, in what tribes and parts of the plant does it prevail? What
system does it form? Why so calied? Mechanical basis of parenchyma. Or-
ganic constituents, el

Subject of the Chapter. Secondary deposit. Where made? How formed?
Examples, Gritty tissne. Instances. Most important transformation, De-
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concretes in the rock and cements the mountain, is woven
into the exquisite petals of the Rose, and perhaps con-
tributes to give a mincral lustre to the almost transparent
whiteness of the Lily.

40. But the most important of all these transfor-
mations is that by which Woopy Fisre is developed in
the system, It is this which makes the framework of the
vegetable body, and corresponds with the bony skeleton
of the animal form. The proper woody tissue consists
of elongated cells, pointed at both ends, and overlapping
each other, so as to form continuous threads. The strue-
ture of the single tubes is best shown at fig. 18. The
upper part of the ﬁgure represents a transverse section,
or cut across the wooden tubes; and the successive
layers, by which the tubes are ncarly filled up, are well
shown, as they are also delineated by lines in the vertical
portion of the figure, where the white grooves in the
centre show the present extent of the calibre. But the
union of wood cells in compact bundles, as they occur in
the stem of trecs, is best seen in fig. 2, at c c c. The
substance of wood is called LicNixg.

41. Graxpunar Woopy Tissue.—The most impor-
tant modification of the proper woody tissue is that which
occurs in the great Cone-bearing family, known as the
Pine Tribe. The wood-cells of these trees are marked
with round spots or cavities, which are more or less fre-
quent throughout their tissue. At fig. 19 is seen a
single disc-bearing cell from the wood of the Fir tree.
These discs are not inclosed within the walls of a single
cell, but they occupy cavities in the opposite walls of
adjoining cells, which, exactly corresponding with each
other, unite and leave a hollow space between. Similar
discs are found in the Plane, and they are said to abound
in aromatic trees. In the Yew the discs are accom-
panied by a very delicate spiral fibre. Glandular cells,
in a petrified state, are sometimes seen in microscopic
studies of mineral coal, not only showing the vegetable
origin of such masses, but pointing to the Cone-bearing
tribe as their source.

42. Bass Tissur is the Woopy FisrE oF THE Bark,
and is composed of the longest cells in the vegetable
structure. It is this which gives to Flax, Hemp, and
all similar substances, their value in the manufacture of
cordage and woven fabrics. Fig. 15 represents a very
short bass-cell from the stem of Flax, lying across a cut
from a fibre of silk, fig. 16. 'The bass-tissue is formed in
the LibER, or inner bark, and hence is often called the

seribe Woody Tissue. What does it make ? With what correspond? Lig
nine. Glandular Woody Tissue. Describe discs. In what tribe chiefly
found? In what other trees? ‘Discs in mineral coal—what ideas suggestedt
Bass Tissue. What plants produce? In what plants marked by ducts?
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Wooupy Tissue oF THE Lirer. The cell walls of this
tissue are generally much bent and thickened, but they
rarely exhibit either dots or spiral fibre. Such markings,
however, are found in the bass-cells of our common Milk-
weed (Asclepias), and also in those of the Oleander, a
plant of a nearly allied order. By a knowledge of this
fact, Professor Schleiden, of the University of Jena, was
enabled to determine with precision what plant had pro-
duced the fibre in a bit of string that had been tied
round a wine vase found in Pompeii, which proved to be
our common Milkweed (4sclepias Syriaca). Thus in-
delibly are the great truths of Nature inseribed, and in
so small a thing as the fibre in a bit of cord, they may be
read without mistake, even after the lapse of ages.

43. Ducrs.—Sometimes an uneven thickening of the
cell walls occurs, so that they become dotted, and marked
i various ways. To all these varieties of tissue the
general name of Ducrs may appropriately be given.
They are often called Vessels, and the textures which
they form, the Vasiform and Vascular tissues. But
these terms are very loose and improper, since the vege-
table cells are not continuous tubes, like the veins and
arteries of animals; but, on the contrary, they are com-
pletely isolated, like other forms of the cell, being always
interrupted, at certain imtervals, by closed points, and
giving passage to the liquids which they receive and
transmit, only through their permeable walls. There are
several varieties of the duct, which may be distinguished
by their different markings. ‘

44. Dorrep Ducrs have also been termed Pitted or
Vasiform Tissue. Sometimes they appear in tubes of
considerable length, with their ends overlapping each
other, as in fig. 3; again, they are marked by imperfect
transverse partitions, which plainly show their cellular
origin, as in fig. 13.  Ducts are the largest tubes in the
vegetable fabric, and their wide, open mouths are con-
spicuous, even to the naked eye, in a cross section of
many kinds of wood, as the Chestnut, Oak, and Mahog-
any. Dotted ducts are seldom found, except in wood,
and there they greatly abound, often constituting a con-
siderable portion of its substance. Their size, as com-
pared with the tubes of common woody tissue, may be
scen in the transverse section 4 o at fig. 2, where they
are-represented by large white spots— the minute dots
being the divided wood-cells. In the vertical section B,
d indicates Spiral Ducts, b b Dotted Ducts, ¢ ¢ ¢
wood-cells, and ¢ f g hvarious forms of cells in the bark.

In this figure, which represents a section of a woody
stem of three years’ growth, the successive bundles of
Ducts and Wooden tubes are well shown. The letters
in the transverse section, 4, refer to the same parts.
Transverse means in a cross direction, or parallel with
the plane of the horizon. Longitudinal or vertical means
lengthwise, or in a direction at right angles with the
plane of the horizon. As these terms are in very com-
mon use through the whole study, you will do well to
remember them. There are no Ducts in the Pines, and
in this tribe alone is the wood composed wholly of the
proper woody tissue.

45. SeiraL Ducts bear a general resemblance to
woody tissue, but they are much longer and more delicate,
being, in fact, the longest cells in the vegetable body.
These very slender tubes are formed by the confluence of
several cells tapering to each extremity, and having
their walls strengthened by spiral fibres, which are coiled
up on the inside. If youwill take a stalk of Geeranium or
Strawberry, or almost any growing and tender leaf-stalk,
and make a slight incision round, without separating the
parts, and then gently draw them asunder, you will see
the spiral fibre uncoiling itself, like the filaments of a fine
web.  Generally the spire is composed of a single fibre,
as at @ in fig. 12; often of several, and seldom of two, as
at b in the same figure, which represents a spiral fibre
from the stalk of a Melon, with the tubes at @ overlapping
each other.

46. The situation of spiral ducts is in the MepuL-
LARY SuEATH, or that circle of cells that immediately
surrounds the pith and its ramifications, in the stem, the
stalk and veins of leaves, and all parts which are modi-
fications of leaves. They contain and transmit air, and
may be seen in their true place at d, in the vertical
section, fig. 2.

47. Axxvurar Ducrs.—Sometimes the fibre is broken
into distinct rings, and these are termed Axxurar Ducts.
They may be'seen at fig. 11, where the cellular origin is
well shown, by the remains of the transverse partitions.
In figures 8, 9 and 10, are represented three cells
marked by Dotted, Annular and Spiral Ducts.

48. ScarartrorM Ducrs.—These abound in Ferns.
They are so named because the lines or slits in the old
tissue form transverse bars, like the rounds of a ladder.
They may be considered as a variety of the Dotted Duct,
with the dots or thin places lengthened and more
equally distributed. The office of all these last forms of

In what part found? Observation of Schleid ;n. Duets. By what caused ?
Why a better name then vessels? Dotted ducts. What sometimes called?
tu what part found? What woed has no ducts? Spiral Ducts, what resem-

ble? How formed? The experiment, Where found? Contain and trunsmit
what? Annular Ducts, What do they show? Hcalariferm Ducts. Why so
called?
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the duet is the same—they serve to convey liquids.
Only the Spiral Ducts contain air.

49. ProsexcuyMA is the general name for all those
tissues which are composed of elongated cells with
pointed extremities, and is used to distinguish the
Fibro-cellular tissue from the Membranous-cellular tissue,
or parenchyma. It is the chief component of wood, to
which its greatly thickened tubes, running lengthwise
through the whole system, impart the high degree of
strength and toughness for which that substance is
remarkable. The mechanieal basis of prosenchyma is
fibre. Thus the mechanical bases of all plants, and all
parts of the plant, are membrane and fibre; and the
chemical constituents of these are carbon, hydrogen and
oxygen. Out of these three clements, then, with a cer-
tain intermingling of earthy matter, by which a higher
degree of solidity is acquired, the vegetable fabrie is
wholly constructed. These, with the addition of nitro-
gen, are termed the UnivErsaL Oncanic CoNsTITUENTS
of Plants, because no organism can be constructed with-
out them. Nitrogen, as you have before learned (30), is
one of the elements of protoplasm, and is therefore a
vital agent ; but it is not deposited in the structure.

50, Tue VerticaL System.—The fibrous and tu-
bular cells run lengthwise, and this is the reason why
wood will not split across. The fibres themselves are
stronger than the substance that binds them together.
Sueh a disposition gives a tendency to longitudinal or
upright growth, and for this reason the system which
they compose is called the VerTicar System. It is to
be distinguished from the Horizontal or Cellular System
by the direction of its growth, as well as by several
other features, which have already been mentioned, and
with which, in due season, you will be made familiar.

51. Laticirerous Tissur.—This consists of irregular
branching tubes of considerable length, which scem to
have no definite connection with the other tissues. They
are abundant in such plants as have a milky juice, as the
Milk-weed, Celandine and Lettuce; and for this reason
they are called the Vesscls of the Latex, or Vessels of
the Milky Juice. These tubes are so very fine and trans-
parent, that they often elude observation, even with the
help of a powerful magnifier, and that especially when
they are young; but when old, and well gorged with
sap, they are easily seen. At fig. 14 they are represented
in a very highly magnified state. They are supposed to

In what plants fonnd? What forms of the Duct couvey liquids ?—what air?
Prosenchyma. Mechanleal basis.  Mechanlcal bases of all plants. Their
Chemical Constituents. ‘What matter intermingled? Unlversal Organic Con-
stituents. Of which s the vegetable body constructed? Which is the chief
sgent in vital action? Direction of tnbular cells, What system do they con-

oceupy the intercellular spaces, and their branches are
united by open mouths, so that there is a free communi-
cation throughout the whole system; and in this respeet
they may justly be compared with the veins of animals
The Vessels of the Latex abound in the inner bark, and
also in the leaf-stalk and under side of leaves.

CHAPTER V.
CONTENTS OF THE CELLS.

52. You have now obtained some idea of the clemen-
tary processes of vegetation, in the life, growth, multi-
plication and transformations of the cellular tissue.
You have been told how are produced from the primeval
sae, or simple roundish cell, all the vast varieties of
forms that distinguish the vegetable world, but you do
not comprehend this. You regard it still as a great
mystery, and even the language of the science has a
strange and mystical, not to say scvere sound. Yet
with every step, as you advance, the views whiech you
obtain will be clearer, while the terms will be more casily
understood and remembered. And along with this, you
will unfold a continual pleasure in the discovery of new
truths, which might almost make the student wish to
unlearn his science, that he may have the joy of learning
it over again.

53. From the few simple elements of structure and
vital action in plants (which, as you have learned, never
exceed four), an almost endless variety of combinations
is produced. From these four elements, carbon, hydro-
gen, oxygen and nitrogen, are formed substances as unlike
each other as possible; such as starch, coloring matter,
acids, the bitter principle, and sugar.

54. Tne Sap.—The liquids which are absorbed by
the roots, and pass upward through the stem, arc the
crude sap. This is simply water holding certain sub-
stances in solution, and is therefore inerganic. On
reaching the leaves, by the peculiar action of the solar
light on their green coloring matter, an important chem-
ical action is introduced, and the character of the sap is
cssentially changed. It is then a thickened whitish
liquid, known by the name of the MiLk-sar, ELABorATED
Sap, or Campiom.  This liquid is the prepared material
of cell structure, and is therefore an organic substance.
It is carried to all parts of the system, and from it are
formed the whole vegetable fabric, and all which it contains,

stltute? Laticiferous Tissue? What sometimes called? In what plants
found? What parts of the plant ?

General subject. Cheering views, Four vegetable elements—what com-
binations 2 Sap—Crude Sap—Elaborated Sap.
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55 Crassirication oF Propucts.—The peculiar
secretivns of plants are of two kinds—those which are
composed of the elements of pure cellulose, or of carbon,
hydrogen and oxygen, as Sugar, Starch, Acids and Oils,
and those in which nitrogen is combined with the other
three elements, as Gluten, Albumen, and the Alkaloids.
The first are called TerNary Propucts, because they
have but three elements, and the second QUATERNARY
Propucrs, because they have four.

TERNARY PRODUCTS.

56. Starce.—This is not only one of the most im-
portant, but also one of the most interesting and remark-
able of vegetable secretions. It is a highly organized
substance, as may be seen by referring to fig. 1, Plate IT.
which shows two well-defined starch-cells. At 6 are two
distinet grains separated from the cell. Each of these
grains consists of numerous layers deposited round a
nucleus; but as the layers are of wnequal thickness,
the nucleus is not in the middle. Starch is found in
cvery plant and every part of the plant; but it abounds

in tubers, roots, seeds, and in the pith of the Sago Palms, ]

It is an important principle of nutriment, useful in the
Arts, and under the microscope exhibits the most inter-
esting and elegant forms. A good test of the presence of
starch is that it turns deep blue or violet, when moistened
with a solution of iodine.

57. DexTrINE—This is a form of starch soluble in
cold water. It has not only the same elements as pure
cellulose, but they are combined in precisely the same
proportions. In the course of growth, when there is an
excess in the supply of dextrine, it is solidified, and in
the form of starch is accumulated for future support.
‘When its active, presence is again called for, it is recon-
verted into dextrine, and being thus rendered soluble in
cold water, it enters readily into the vital operations.

58. Suaar.—This product, in the living plant, gener-
ally exists in solution, though it sometimes occurs in the
pectaries in the form of erystals. It is abundant in all
the growing parts, in pulpy fruits, sweet roots, and in
the sap of the Rock-Maple and Sugar-Cane. Sugar,
starch and dextrine arc nearly identical; and in the
vital action of plants they arc repeatedly converted and
reconverted into each other.

59. Mucitaee or VEGETABLE JELry has very
nearly the same composition as starch. When dry it is

tough and horny, but it swells and becomes gelatinous by
the application of moisture. It is not only contained in
the cells, but, in some instances, it forms a large portion
of the cell wall, as in some of the Sea-weeds. In that
species which is known as Carragheen Moss, the cell
wall—and, in fact, the entire substance of the plant—is
composed of mucilage, and to this it is indebted for its
culinary celebrity, being much used in the preparation of
blancmange. Mucilage is soluble in cold water, and is
found in the tubers of the Orchis, the bark of Slippery
Elm, the leaves of the Sassafras tree, the seed of Flax,
and in the bark, roots and seeds of many other plants.
It also appears as an excretion in Gum Tragacanth.

60. Essextiar Omws.—These are generally volatile
and aromatie, and thus they give to plants their peculiar
odors. They are well known in their concentrated forms,
which, in the hands of the druggist, are converted into
essences, to be used in Medicine and Perfumery, as the
Oil of Peppermint and the Oil of Orange-flowers.
‘What is commonly known as the Spirits of Turpentine is
an essential oil obtained by distillation from Turpentine
—a resinous substance that exudes from Pines and other
Cone-bearing trees.

61. All these substances undergo various changes on
exposure to the air, by which they are converted into
Resins, Gums, Wax and Balsams. Having no properties
which can either nourish the plant or be instrumental in
its growth, they may safely be considered as excretions.
The Leaf is the only excreting organ of vegetables, and
through this only liquids or gases ean be exhaled. Sub-
stances, therefore, which are inclined to pass into the
solid state must generally be retained in the system, but
sometimes they exude directly from the surface in the
form of Gums, Resins, and like substances; but they
chiefly pass into the superannuated tissues, seeming
especially inclined to occupy the intercellular spaces.
The essential oils abound in flowers and leaves of herbs
and shrubs, and the bark and fruits of aromatic trees.

62. CaovrcHouc.—This substance belongs to the
same class as the next above, and like them may be
termed an excretion, as it seems to have no part or office
in the vegetable life and growth. It occurs in the
form of minute globules, which are suspended in the
milky juice of many plants in precisely the same manner
as the globules of butter in animal milk. When the
liquid is left undisturbed, the globules, being lighter,

Peculiar secretions. Thoso which are composed of the elements of cellulose.
What called? Why? Those In which nitrogen is combined. What called?
Why? Starch, in what plants found? What parts? Uses. Test of starch.
Dextrfne,‘dlﬂ‘emnce between 1t and starch. What changes occur? Sugar, In
what state? What plants? What parts found? What substances nearly

identleal? Mucilage, what resemble? In what plants? What parts? Es.
sential Oils, their character. Instances. What do they often become on ex-
posnre to tho air? What may such substances be considered? In what
plants do essential oils abound? In what parts? Caoutchoue, In what plante
found ?
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rise to the surface and coalesce, in the same manner as
those of eream, nor can they be reconverted into globules.
Caoutchouc abounds in the Nettle-worts, Spurge-worts
and Dog-bane tribe. Gutta Percha is a similar product
of a tree of the East Indian Archipelago, and is now
applied to a great variety of uses.

63. Fixep OiLs.—In some plants, the fixed or fatty
oils take the place of starch, from which they seem to be
derived. They abound in the seeds of many plants, asin
those of the Sunflower, Flax, Butternut. and Castor-oil
plant, and in the fruit of the Olive.

64. Wax.—This substance is nearly allied to the
fixed oils. The glaucous bloom on the surface of leaves
and fruits is a very thin coating of wax, which not only
gives them their rich and beautiful gloss, but preserves
them from injury by water. Wax is abundant on the
fruit of the Bayberry, from which it may be separated
by boiling in water.

65. CuroropnyLLE.—The proper sap, as you have
seen (54), is wholly destitute of color; but in many
cells, as in those of the leaf and flower, the heart of
wood and the skin of fruits, we find a variety of brilliant
and pleasing hues. These are all owing to the presence
of a distinet principle, which most commonly produces
green; and because it associates this most agreeable of
all colors chieﬂy with the leaf, it is called CHLOROPHYLLE,
or leaf-green. This substance consists of minute gran-
ules of irregular form, which either lie free in the cells,
or loosely adhere to their walls. These granules are
deposited in parts exposed to the light, which is essential
to their formation, as you may sce in plants that grow
in the dark, for they never have green foliage. The
beautiful blue of the Indigo plant is but a modification
of leaf-green. In autumn, the chlorophylle undergoes
important changes, and becomes red, yellow, or brown.

66. The substance of all coloring matter not green,
as in fruits and the petals of flowers, is-called CuromMuLE.

67. VeaeTaBLE Acips.—The most important of
these are, Malie, Citric, Tartaric and Oxalic acids.
Malie acid is obtained from the juice of Apples and Pears;
citric acid is found in the juice of Lemons and Oranges ;
tartaric acid in the Grape; and oxalic acid in almost all
plants. The latter is abundant in our common Wood-
sorrel, and hence the name of the genus, (Ozalis). Prus-
sic acid is found in the leaves, bark and kernel of the
Peach, Cherry and Plum, but is most abundant in a
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species of Wild Cherry (Cérasus Serétina). Tanpnin,
or Tannic acid, is the astringent principle which gives to
the bark of some trees, as the Qak and Hemlock, their
value in tanning leather. It abounds in many old barks,
and probably is a result of decomposition in the tissues.

QUATERNARY PRODUCTS.

68. ArpuyMeN.—That substance which is inferposed
between the embryo and integument, in most seeds, is
called the AvsumeN. It is fleshy in the Cocoa-nut, tough
and leathery in the Coffee, floury or farinaceous in the
cereal grains, and composcs almost the entire mass of
many seeds. It has many of the properties of animal
albumen, and however poisonous the plant may be, this
part never has any noxious qualities.

69. Leeumine.—This is a highly nutritive substance,
which abounds in seeds of the Bean, Pea, and other
leguminous plants, It is identical with caseine, the
substance which forms curds, and is the basis of cheese
in animal milk.

70. Grurex.—This is a tough elastic substance,
which remains after the starch is washed off in wheat
flour. It exists in many grains, and in the juices of cer-
tain plants, hut it is a characteristic property of Wheat
and Rye, and gives to those grains their peculiar value
as breadstuffs. It is the presence of gluten that gives to
bread made from those grains tenacity, or that capability
of swelling up, which, in culinary terms, we call being
“ravsed.” Gluten constitutes more than one quarter,
by weight, of the best wheat flour. It is not a simple
substance, but is found by analysis to be composed of
albumen, fibrine, caseine and glutine.

71. The three substances last deseribed bear an
important part in vegetation, being accumulated in seeds,
in order to sustain the vital operations of the Young
Plant until it can work for itself.

72. In the common process of separating the bran
from the flour, a large portion of the gluten is rejeeted,
or cast away with the bran. This is clearly illustrated
in fig. 4, which represents a delicate cross section from a
grain of Rye very highly magnified. It may be scen at
a glance that the contents of the outer cells, or those
lying next the skin (which may he distinguished by its
line of flattened cells) at a, are different from those
below. These are chiefly filled with gluten, while, as
you proceed downward, starch gradually takes place of

Fixed Oils, of what do they take the place? In what plants and what
parts found? Wax, to what nearly allied? MNow diffused? Where abun-
dant? Chlorophylle. Itseffects. Meaning. Of what does it consist? What
essential to tbeir formation? Chromule. Most important Vegetablo Acids,
From what 1s Malic Acld obtalned ?—Citric—Tartaric—Oxalic—Prussic—Tan-

nin or Tannic Aeid? Of what probably a resnlt? Albumen, of what does it
consist? What properties in polsonous plants? Legumine. In what plants?
With what animal substance identical? Gluten. In what plants? What
grains most especlally 2 'What property does it give to bread? What propor
tion in the test wheat flour? What loss of gluten ?



THE EPIDERMIS.

this substance. In grinding, both of the upper layers of
cells, as far as ¢, are lost with the bran, and thus by far
the most nutritive portion of the grain is cast away.
This shows that the millstone is not only ¢a bad analyzer”’
but a bad economist. The discovery of some more deli-
cate process of separating the bran from the flour, or at
least of extracting the gluten from the bran, so as to
make it available economically, is a subject of study for
the ingenious well worthy of attention.

73. Arxavoms.—These are possessed of the most
active properties, and many of them are virulent poisons.
Morphine, which is the chief anodyne prineiple in the
Poppy; Quinine, or the bitter-tonie principle of the
Peruvian Bark ; Strichnine, which is the terrible poison
of the Mandioc and Nux Vomica; Nicotine, the poison
principle of Tobacco; and Conine, that of the Poison
Hemlock, are all alkaloids.

74. Orystans.—That plants contain certain earthy
matters is satisfactorily shown by the deposition of ashes
after burning. These are not always diffused in dismem-
bered particles, but sometimes they occur in the form of
crystals. At fig. 2 may be seen two of these crystalline
clusters, from cells of the Beet. The crystals are of
various forms, and are frequently needle-shaped; some-
times deposited singly, at others in bundles of several
hundred together, as we see in fig. 5, which represents
several cells from the Dock, two of them containing such
bundles. The name of Raphides (a Greek word for
needles) was originally given exclusively to erystals of
this kind. It has since been extended to all such crys-
talline formations, though, properly speaking, the term
should be restricted to such as are needle-shaped. The
leaf of the Locust tree contains multitudes of crystals.
They are abundant in the root of Turkey Rhubarb, and
in the Old-man Cactus they constitute about two thirds
of the dried tissue. In the bulbs of the Spanish Squill
and Onion, the numerous crystals may easily be sepa-
rated when the surrounding parts fall into decay, or by
boiling,

75. SiLex.—And not only are crystals deposited in
the cells, but silex, or the carth of flints (of which com-
mon sand is an impure condition), enters into the struc-
turc of the cell walls, thus strengthening and solidifying
the simple cellulose. Were it not for this, the slender
stalks of Rye, Wheat, and most other Grasses, could
not support themselves in an erect position. The tribe
of plants known as Horse-tails afford remarkable instances

Grain of Rye. Alkzloids, what properties? Instances. Crystals, what called ?
What forms? Where found ? In what leaf abundant? Of what plant do they con-
stitute a large portion? Silex, in what plants? What parts? Most remarkable
instance.
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of such depositions of earthy matter; and to this eir-
cumstance the Scouring-rush owes its value in the country,
where it is sometimes used as an article for polishing
metals.

76. But the most astonishing accumulation of mineral
matter in the vegetable form, is found in that large class
of Sea-weeds of the lowest type, which pass by insensible
gradations into animal organisms. In these, almost the
entire cell wall is composed of silex, which, as the plants
decay, is deposited at the bottom of the waters where
they are found ; and thus immense strata are sometimes
formed.

CHAPTER VIIL
THE EPIDERMIS.

77. Tux vegetable, like the animal form, is enveloped
in a membranous covering called the EpiperMis, or skin.
This envelope appears to the naked eye as a transparent
and colorless integument, without any organic character;
but on examining it through a lens, we find that it is
composed of one or more layers of flattened cells. The
edge of these may be seen in the straight lines of cells
that bound the upper and under sides of the section of
Meclon leaf, fig. 17. Every part of the plant which is
directly exposed to the air, except the stigma, is protected
by the epidermis. The peculiar office of this very curious
organ will be more distinctly treated in the anatomy of
the Leaf, where it may be again referred to as its true
place. At present, some of its modifications or appen-
dages will be defined.

EPIDERMAL APPENDAGES.

78. The chief of these are, Stomata, Hairs, Stings,
Prickles and Glands.

79. StomaTa.—These are orifices in the epidermis
of leaves and other green parts, by means of which a
communication is kept up between the external air and
the intercellular spaces. At fig. 6 is a transverse sec-
tion of the epidermal cells, with several oblong bodies,
which are the stomata. This organ is among the most
curious and wonderful contrivances in the vegetable
fabrie, and a more complete account of it will be intro-
duced with the Leaf, to which it especially belongs.

80. Harrs.—These very common appendages consist
of a protrusion of the epidermal cells into distinct points

Subject of the chapter. What i3 that? How appear to the naked eye?
How under microscope ? Epidermal appendages. Stomate. Where found

Hairs,
&
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more or less elongated. Sometimes they are formed by
the prolongation of a single cell, as in the Cabbage, fig.
15; and at others, they consist of several cells variously
united and combined. Sometimes the cells are united
end to end, in a linear series, as in the Snapdragon, fig.
9, where also they are jointed. In the Marvel of Peru,
fig. 7, the hair cells are strung together like beads. A
unicellular hair is sometimes branched or expanded into
rays, as in Alyssum. In fig. 3, at @, such a hair is seen,
while in the transverse section, at b, its stellate form is
more apparent. Fig. 14 represents a section of the epi-
dermis from the Cabbage much magnified, showing full-
grown hairs, and others in various stages of protrusion.
The oval openings are stomata. At fig. 16 is the Gar-
den Borrage, which is thickly invested with long and
shaggy hairs,

81. PuBESCENCE is the term used to express the dif-
ferent kinds and degrees of hairyness on the surface of
plants. These characters are so uniform as to be of
considerable importance in specific distinctions. The
surface is said to be

(1) Hiseip, when clothed with rigid hairs or bristles—

(2) Hirsure, with long, coarse, spreading hairs—

(3) PuBescexT or downy, with soft, short hairs—

(4) Rouan, with short, stiff hairs—

{(5) ViLLosE, clothed with long, coarse and shaggy
hairs—

(6) Tomenrose, matted and entangled together in
cotton-like masses, as in the Leaf of several Poplars; and

(7) Lanate, woolly, as in the leaf of Mullein.

Many other terms are used to express different varieties
of pubescence, as SiLky, VELVETY, AracHNoOID, like a
spider’s web, and Ciuiate, fringed like an eyelash,
Hairs are found on the leaf, stem, root, and almost every
part of the plant. They invest many seeds, and are fre-
quently hooked, jointed, or barbed.

82. GLANDs are epidermal appendages that contain and
discharge various solids and liquids, such as oils, sugar,
resing and acrid juices. Sometimes they are embedded
in the substance of the leaf, causing it to appear dotted,
as at fig. 12. The Lemon also has a glandular leaf.
Glands are deposited in the notches of the leaf, as in the
Bay-leaved Willow, or on the leaf-stalk, as in the Cherry.
There is a gland at the base of the petals in the Butter-
eup, and a pair in those of the Crown-Imperial, fig. 11,
one of which was overlooked in the delineation. Glands

Varieties. Describe.  Pubescence. "When Ilispid—Hirsute—Pubescent—
Rough —Villose—Tomentose — Lanate? Reverse the last seven questions,
‘When like a spider’s web, what calied? Like an eyelash, what? On what
parts are hairs found. Glands, What contain? Where found? Instances.
Elovsted on hairs. Stings. Describe. Instance. What like? Prickles, In-
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are sometimes elevated on hairs, as in the Spider-wort
and the Snapdragon, fig. 9. A beautiful instance of this
arrangement is seen in the Sundew, fig. 10. In a state
of nature, the glands give to the whole plant the appear-
ance of being covered with little pellucid dewdrops.
Such hairs are termed Graxpunar Hamrs. The gland,
instead of being borne on the summit of the hair, is
sometimes fixed at the base.

83. StiNes consist of rigid, tubular hairs, fixed in a
roundish glandular base, which secretes an irritating
liquid. On the least disturbance of these points by the
hand, the liquid which they contain is injected into the
skin, and a stinging sensation ensues. The common
Nettle is a familiar instance of this habit. There is a
striking analogy between these and the stings of animals.

84. PrickLEs are strong and indurated protrusions of
the epidermis, having a sharp point, which is often also
curved, as we see in the Raspberry and the Rose, fig. 13.

85. THE INTERCELLULAR SysTEM.—By a reference
to fig. 17, you will see that there are between most of
the cells, and especially those of the lower strata, certain
irregular spaces, varying greatly in size and form. These
constitute what is called the INTERCELLULAR SysTri.
They are in some cases, without doubt, caused by imper-
fect cohesion, and are thus in some degree the effect of
accident; but from the fact of their containing air, and
also being connected with the stomata or breathing
pores, it may be inferred that they have their fixed and
essential uses in the vegetable economy. This is more
apparent in aquatic plants, where often the intercellular
spaces are greatly extended, and apparently constructed
with as much care and nicety as any other organ, By
this means, their leaves and stems are not only rendered
buoyant, and kept in a floating position, but are interiorly
supplied with air, which is necessary to their vital opera-
tions. An instance of this habit may be seen in the
marine plant, fig. 7, Plate ITI. where certain portions
of the stem are greatly inflated by the enlarged intercel-
lular spaces.

CHAPTER VIIL
PROGRESSIVE DEVELOPMENT

86. By a countless multiplication of cells in a plant
of the higher orders, a structure is developed compgsed
of distinct parts or organs. You have alrcady become

stances. What do the spaces between the cells constitute? With what organ
connected? 'What contain? In what plants very large? How useful? Point
them out in fig. 17.

General subject. To what does it lead ?
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acquainted with some interesting and eurious phenomena
in the elementary stages of Vegetable Life. Now we
are to trace the development from plant to plant, begin-
ning at the lowest, and ascending to the highest.

87. UxicELLurLAR Prants, — When vegetation is
reduced to its simplest form, we find that the ccll and
the plant represent each other, or, in other words, that
the cell is a complete vegetable. This has been already
foreshadowed to your mind in the philosophy of cell life
and growth, where each particular cell was considered a
complete organism (33). Now let us imagine one of
these cells entirely detached from the parent structure,
and you will have a better idea of the class of plants
alluded to—for in these the cell is completely isolated,
solitary in the deepest sense.

88. Tue RounpeEp Cerrr.—In the Protococeus, or
Red Snow, that sometimes tinges with its erimson bloom
large tracts of the Polar snow-ficlds, we find a structure
of the simplest form. Here is no organ of any determin-
able size, design, or form, nothing but one simple and
single cell. A group of these plants is seen at fig. 1,
Plate ITL, while on the right is an individual more
highly magnified, exhibiting also a division of its con-
tents into the new cells, which are already formed, and
ready to separate from the mother-cell. The Green
Snow (Protococcus virides) has also the same habit and
structure. These plants quickly attain their growth;

the mother-cell, having given birth to a cluster of

daughter-cells, decays; and thus the older tissues give
place to the new, and vegetation goes on indefinitely.

89. Tue Brancming Crrr.—By another step we
arrive at a branching arrangement of the cell, which, in
form at least, dimly portrays the complicated organism
of higher structures. Such is the Bryopsis, a beautiful
little Seaweed (fig. 6). An Alga of still more complex
structure is seen at fig. 2, with rudiments of young plants
in the large globular cavity. Two of these young plants,
themselves containing younger cells, are seen at the
left in the samec figure.

90. Cerrs in LiNEar Series. — Progressing step
by step, we next find several cells disposed end to end,
and crowned by a globular protuberance, which vagucly
images the reproductive organs of higher plants; for no
sooner does a plant, in its development, reach beyond a
single cell, than we begin to find a distinction betwecen
the offices of vegetation and reproduction—one or more
cells being especially devoted to that important office by
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which the plant is to be continued, and its species pre-
served. But in none of the lower plants do we find a
distinct set of organs for the purpose, but only special-
ized cells, in which the reproductive functions go on,
either by a simple process of subdivision, as in the Red
Snow, or by the production of other cells, but never by
the elaboration of any thing like a true seed containing
rudiments of the whole plant, as in the higher forms.
In fig. 3 is seen a species of Bread-Mould. The cells
are placed end to end, so as to form a kind of stalk, sur-
mounted by the globular cells containing the young
plants, which are called Srores, and are equivalent to
the seed of higher plants. They are discharged by the
bursting of the sac that incloses them. Mushrooms,
Moulds, and all plants resembling them, are called
Fuxcous PraNTs, and they belong to the natural Order
Fuxer

91. Braxcuing Series.—In fig. 4 is another species
of Mould, in which the spores appear as if strung together
like beads, forming several branches, which are united
in a cluster at the summit of the stalk. The Blue
Mould, fig. 5, has a still more complex arrangement, the
sporiferous branches consisting of cither one or several
rows of cells, forming a beautiful lacework, the whole
clustering together like a flower, at the summit of the
stalk,

92. Tue Musaroom.—In the common Mushroom,
fig. 12, the specialized cells form a conspicuous arch or
cap, called the PiLEus, as at 1 in the same figure. The
under side of thisis thickly set with plates or gills, which,
radiating from the centrc to the circumference, bear
naked spores on the summits of their cells. Lines repre-
senting these rays may be seen in the figure bencath the
pileus, 1. These plants grow with wonderful rapidity.
The stalk called a Stire (at 2) is protruded from the
wrapper or VoLva, which is seen in the swelling left at
the lower part of the stipe. At the left hand are two
young Mushrooms, with several others, in various stages
of -development, about their roots, while at the right is
one further advanced. The volva is bursting, and in
separating from the pileus begins to discover the gills
beneath. )

93. Fronpose Forms.—When the cells are combined
in a single plane, frondose (or leaf-like) forms are pro-
duced, as in many of the Seaweeds which collectively
constitute the Order Aream. Fig. 8 rcpresents one of
them—a beautiful Alga, known as the Sea-fan.

Simplest form of vegetation, describe. Rounded Cell, instances. Branching
Cell, instances. Bread Mould, describe. What organs wanting in the lower
plants? What take their place? How are Red-Snow and similar plants propa-

gated? What are termed Fungous plants? What order do they constitutc
What are the mother-eells of the lower plants called? How discharged? Name
the cap of the Mushroom—the plates underneath—the stalk—the wrapper.
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What is the structure of the plants in figa. 1, 6 and 2. What does flg. 1 re-| is the Zood called? Define other parts. xplain fig. 11. What figures repre-
present ?—fig. 6 ?—fig. 2? Describe each. What change in figs. 3,4, 5? De-| sent Unicellular plants? What the order Fnogi?—Algm ?—Lichenes ?—IIepat-
seribe fig. 7. What kind of lcaf at figs. 8, 9, 13, 152 Name of the stalk in fig. 12. | icee?—Musci ?—Filices? What kind of plants in each? How many of thesc,
Describe the figures, and define its other parts, Describe fig. 13, What kind | and what, develope woody fibre? What ones are completely cellular?
of apparatus in figs. 16, 17, 19.  Describe each. Describe figs. 14, 15, 20. What
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94. Tue Taarvvs—The leaf-like body which is
called a frond, in the Seaweeds and Ferns, in the Lichen,
Liverwort and Mushroom tribes, takes the name of
Trarrus. This, like the frond, is a confusion or blend-
ing together of leaf and stem. The bed of fibres from
which mushrooms spring is called a thallus, and the same
name is given to the leaf-like patches that cover old
wood, walls and rocks with growths of Lichens, better
known as Gray Moss. A common Lichen of our stone
walls is shown at fig. 9. In this we see the spreading
thallus and the specialized cells of reproduction, in various
little cup-like forms, which most of us, perhaps, have
noticed in the living plants of this family. They are
sometimes prolonged into the form of a wine-glass, and
not unfrequently are of a bright scarlet. Country chil-
dren know them well, and call them fairy-cups.

95. Caviescent Forus.—A species of Lichen, which
hangs in long and tangled masses from old forest trees,
especially in damp places near the coast, makes the wood
appear as if hoary with age. It often exhibits the rudi-
ments of a stem. This, however, is more distinctly
attained in the Reindeer Moss, fig. 10, which in Lapland
grows more than a foot in height. In seaweeds the
stem is often greatly extended, sometimes attaining to
more than two hundred feet in length. At fig. 7 is one
of these plants, in which the stem is the leading idea of
development. But this organ, like the Leaf, in all these
Orders, is but imperfectly defined.

96. The Orders that have been mentioned—namely,
Fungi, Algze and Lichenes—contain plants of the Mush-
room, Seaweed and Lichen tribes, which imbibe their
food by all parts of their surface indiscriminately.  But
with the next advance, in the Liverworts (Order Hepat-
ic@), we meet with some important changes. The repro-
ductive cells become more strongly marked, and the dis-
tinctions of leaf, stem and flower are more clearly de-
fined. The very color shows that the leaf is attaining
somewhat more nearly to its normal state, by the secre-
tion of chlorophylle (65), and the whole structure appears
greatly advanced. At fig. 13 is seen a species of Liver-
wort (Marcantia), with a stalk appearing to spring out
of its spreading thallus, which somewhat resembles an
Oak-leaf. At the summit of the stalk is a flower-like
organ, in which the spores are contained. At the right
hand corner of the thallus is a cup-form receptacle, in
which small, roundish cells are deposited. By these also
the plant is multiplied, and they bear a striking analogy
to the buds and bulbs of higher plants.

To what order do Seaweeds belong? Leaf of S8eawoeds called what? Leaf
of the Lichen, Liverwort and Mushroom tribes? What important changes are
met wlth in the Liverworts? Whatls the sac of mother-cells called? Describe
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97. ReprobucTive Orcaxs or LiverworTs.—These
in Marcantia distinetly shadow forth the stamens and
pistils of higher forms. At fig. 17 is a highly magnified
representation of the ANtueripum, or little sac con-
taining the fertilizing spores, which it is in the act of
discharging from its ruptured surface. At fig. 16 is the
pistillate Sporangium, or sac containing the mother-
cells of the same plant. It is surrounded by scveral
filamentous processes, composed of cells in linear series,
as at ¢. The involucre, b, is rounded. and swelling at the
base like an ovary, while its prolongation represents s
style and stigma. A very curious addition to this appa-
ratus is seen at fig. 19, which represents one of the
Srirar EraTEers, or elastic threads, contained in the
sporangia. This appears to be a very important part of
the operating forces. It has several spores, or mother-
cells, attached. ‘These spiral threads are extremely
sensitive to the presence of moisture, and under its influ-
ence they expand elastically, and scatter the spores.

98. Mosses.—In all the foregoing we find no proper
roots, the fibrous portions resembling that organ being
useful only in fixing the plant to the surface on which
it grows; and they are produced, with almost equal free
dom, from all parts of the plant. An actual epitome of
the perfect plant first appears in the Mosses (Order
Musci), which not only send up a regular stem, sym.
metrically clothed with leaves, but they also send down
delicate little root-like processes that pierce the soil, and
doubtless, to some extent, perform the proper functions
of the root, by absorbing nutriment, although the plant
also takes up nourishment through its whole expanded
surface. o

99. Here, too, the reproductive organs are distin-
guished by a regular apparatus of very complex structure,
a superficial view of which may be seen at fig. 20, where
is represented a Moss, with its leafy though not erect
stem, and its fruit elevated on slender stalks. The
hooded veil which covers the fruit both of Liverworts
and Mosses is called a Carverra. At fig. 11 the spo-
rangia are magnified, so as to show the teeth in the ca-
lyptra, whose lid incloses the germinating cells. 1In
the early stages of growth, the calyptra closely envelopes
the sporangium ; but being detached by the expansion of
the inclosed tissue, it is carried upward, and forms a
hood, cowl, or lid, which closes the extremity until the
mother-cells are ripe for dispersion, when it opens a pas-
sage through its pores, as seen at fig. 11.

100. Cernonar anp Fisrous Praxrs—All the

Mareantia.
belong ?
Describe.

Its reproductlve apparatus., To what Order do Livcrwofts
‘What changes found In the Mosses? Tlood of Mosses, what called ¥
Order of the Moss tribe.
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plants of the foregoing Orders—namely, Fungi, Alge,
Lichenes, Hepaticae and Musci—are, with a few very
trifling exceptions, composed entirely of cellular tissue.
They produce no fibre, and form no wood.

101. ¥mst DeveropveNT oF Fisre.—If a plant
is designed to rise beyond the very humblest height, the
system must be braced and strengthened by woody fibre;
and in our upward journey we first find this in the Club-
Mosses, a tribe of plants immediately below the Ferns
(#7lices).  These plants have a clearly defined leaf and
stem. The leaves, however, are very short and scale-
like, closely overlapping each other, like those of some
pines, whence they are not unfrequently called Ground
Pines. They are ever-green, and from their being used
to decorate our houses and churches during the Christ-
mas holidays, they always seem to have a festive air.

102. But in the proper Ferns the nutritive organs
are more highly elaborated, and the distinetion of leaf
and stem becomes morc strongly and clearly defined.
But they by no means have a corresponding development
in the reproductive system. This is even more simple
than we find in the Mosses. At fig. 14 is a segment of
che fruit-bearing frond in a common Fern, with the fruit-
dots on the under side, which is exposed to view. The
sporangia of this interesting family, when at a certain
stage, exhibit, under the microsecope, very curious move-
ments, when they appear bursting elastically in all direc-
tions, and with very rapid motions. At fig, 15 isa barren
frond of the same Fern, and at fig. 18 a fertile segment
from another species. The fruit of Ferns is generally
borne on the back of the leaf. Sometimes, however, the
sporangia occupy transformed or smaller leaflets, situated
on an intermediate part of the stem, while at others they
have a stalk expressly devoted to their support, as in
the flower and fruit of the higher orders. But even the
tall trees into which the Ferns of the tropics often rise,
are produced from spores so minute that they cannot be
seen with the naked eye. Fig. 1, Plate IV., represents a
Tree Fern of the East Indies, which, with its tall, ta-
pering spire, and its cluster of fronds at the summit,
appears the very symbol of grace and beauty.

What orders are cellular plants? In what is tho first development of fibre ?
What are they sometimmes called? Order of the Fern tribe. Fruit of Ferns,
Where generally borne?

General subject. 'What orders are ealled Flowerless Plants? What other
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CHAPTER IX.

PRIMITIVE DIVISION OF PLANTS,

103. You have seen by the late review of the lower
tribes of plants, and probably also from your own obser-
vation, that in the seven families we have been consider-
ing—namely, Mushrooms, Seaweeds, Lichens, Liver-
worts, Mosses, Club-Mosses and Ferns—no proper flowers
are produced. For this reason they are called FLower-
Less Plants, and also Cryproeamia (@ concealed mar-
riage), because the reproductive organs are not obvious,
ag in the higher orders, but comparatively obscure; and
for reverse reasons, the higher tribes are called Prazxo-
camia, or Frowerine Prants. The Cryptogamia are
represented by all the figures in Plate III., and the Tree-
Fern and Mushroom, figs. 1 and 5, Plate IV.; and the
Pheenogamia, not only by the Oak and Palm, figs. 11
and 12, but also by several other more humble but not
less perfect vegetable forms. The beautiful little Pyrola,
fig. 6, with its perfectly defined root, stem, leaves
and flowers, may well be ecalled a typical plant; a fine
fruiting branch of the Bitter Sweet, fig. 2; a Grass, fig.
3; and a Sedge, fig 4, with all the vegetative organs, as
well as proper fruits and flowers—all express the ulti-
mate perfection of Use and Beauty, as developed in the
vegetable system. The fruit of the Currant, the Apple
and the Strawberry (the two latter exhibiting that most
important feature of the higher plants—the seED), show
the character of the Phenogamia, and are very properly
brought in here as illustrations.

104. Cmcer DisTincrioNs.—Between these two great
classes there are some very marked and important differ-
ences. The principal of these are, their Component
Tissues, their mode of Vegetation, and their mode of
Reproduction.

105. First DisTincrion.—The lower plants, or all
those below the Club-Mosses, produce no wood or fibre,
with the exception of a few spiral ducts in Liverworts,
and some other trifling instances of a fibrous determin-
ation. . Even in the large Seaweeds, whose fronds often
vie with the most umbrageous Palm-leaves, there is,
indeed, a strong framework; but its strength is derived
from earthy material, and not from fibre. They are
elaborations of stone, rather than of wood.

106. Seconp DisrincTioN.—In the Cryptogamia
are only rudiments of the vegetative system. In the
lowest tribes, the vegetative organs are confusedly

name havo they? Meaning of Cryptogamia. What are the_ higher plants
called? Chief distinctions between the two great tribes? First Distinction.
Second. &
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mingled, and often indiseriminately represent each other.
Hence there is no perfect development of either Root,
Stem, or Leaf, while the funetions of those organs are equal-
ly imperfectand obscure in their origin and all their action.

The Cryptogamia, as you have already seen, are pro-
duced from spores, and not from sEEbs, as in the higher
plants.

107. DisTINCTIONS BETWEEN SPORES AND SEEDS.—
Spores have no fixed or predetermined points of growth,
but put forth from any part of their surface. They con-
tain no embryo or organized plantlet, composed of definite
parts, each of which is developed in a particular manner
and direetion, but they are simple eellular masses, any
part of which might represent the whole. But a proper
seed contains the rudiments of an organized plantlet,
which, having a pre-existing form and vitality, is only
developed in germination.

108. In the Cryptogamia, then, we find only the rudi-
ments of special organism, whether nutritive or repro-
ductive, which, from being undistinguishably blended in
plants of .a single cell, rise by fine gradations into the
more perfect orders; but in none of them is there any
thing like the flower of higher plants, whose parts and
offices you will better understand when they are more
clearly defined.

109. The Mushroom, or Fungous tribes, are almost
uniformly gray or brown. Mildew, which belongs to
this Order, is generally black ; and though Moulds some-
times exhibit brighter colors—especially blue—and arbo-
reseent structures, whieh, under the microscope, reveal
‘the most exquisite proportions and delicacy of texture—
yet the very conditions in which they are produced excite
disgust, rather than any ideas of beauty, at least in the
common mind. Seawceds often exhibit very bright hues,
and sometimes really splendid coloring ; and in size they
range from plants of several hundred feet in length—
some of them having enormous leaves—to thousands of
species really mieroseopic.  Liverworts are chiefly sue-
culent, but in their green or greenish foliage is seen an
imperfeet delineation of the finished structure. Mosses
are often delicate and beautiful, and in the plumose
verdure of many Ferns there is an aerial lightness and
delicacy which nothing can surpass; yct in none of them
do we find that completeness of beauty which really satis-
fies and fills the mind. And amid all this mass of vege-
tation, comparatively few plants are economically valu-
able. They are at best rudimental series, and now pre-
serve the transitions through which the vegetable type
has passed; and whether we are secking a high degree

Distinction. between Spores and Seeds

Organism of“the Cryptogamia,

ANALYTICAL CLASS-BOOK OF BOTANY.

of Beaury or Usk, we shall seldom find it, except in
the

110. Puzmyoeamia.—It is true that beauty exists in
all things, yet the higher we rise the more completely is it

(unfolded—for the excellence of all the lower forms is

comprehended and elaborated in the higher. And now,
having reached this perfected type, we unfold all the
beauty, all the riches, of the vegetable world. Do not
the Rose and the Lily seem inspired with the very ulti-
mate splendor of all inferior hues, and their lustrous
petals wrought with the exquisite delicacy of a master-
hand, which had wrought many ere it had made one so
beautiful as these?, And what is true of the Rose and
Lily is true also of a thousand others. Buttereups and
Daisies are free gifts of the rich and generous Earth,
yet in their burnished gold and purple there is a splen-
dor transecending the raiment of kingg; and even the
simplest flower that opens its blue eyes along the beaten
roadside has a look of love, that should be to us an angel
of blessing. The riehness, and bloom, and verdure, of
fruit, and flowers, and foliage—the shadowy forest paths,
the sunny hill sides, and meadows spangled with a thou-
sand blossoms, are common spectaeles, and yet we never
cease to feel their power, because there is an innate love
of beauty in the human soul.

111. Whether we are conscious of it or not, the
wealth of the Vegetable World is for ever spread out be-
fore us,and enters into the details and the sum, of all
our necessities, all our enjoyments. We behold on every
hand myriads of blessings, which have been figured, from
ancient times, under the gifts of Flora, and Ceres, and
Pomona; but in being accustomed to their uses, we for-
get their bounty. Mountains clothed with wood—rvalleys
smiling with grass and corn—orchards laden with fragrant
bloom in spring, and mellow fruits in autumn—fields of
grain, bending beneath the riches of the eoming harvest
—DMaize, waving its green arms, with gracious invitations
to the great Thanksgiving Feast—the purple clusters of
the Vine~—the brown Nuts of the wood-side—Roots, stored
away in the nourishing soil—the blue Flax flower, and
the tufted Cotton plant—the snowy Rice, golden Wheat
sheaves, and the juices of the luscious Cane, are but a
few of these, and yet how wide and rich is the overflowing
horn which they contribute to fill! And in all exterior
forms and substances you shall find a higher beauty,
truer use, a more excellent riehness, when you are im-
bued with the spirit of their beautiful life, so that they
may unfold, and blossom, and bear fruit in the mind, for

What especially wanting? Cbaracter of Fungi, Seaweeds, Lichens, Liver-
worts, Mosses, Ferns. General character of Cryptogamia.
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General subject. Name them. What figures belong to the Flowering
Plants ?—What to Flowerless Plants? What are Flowering Plants called ?
Flowerless. Descrlbe fig. 1.  What kind of leaves at summit? From what
is it produced? How many, and what figures, of plants produced from spores ¥
—From seeds? Of what do figs. 7, 8, 9 and 10, represent several forms? What
important part characteristic of the higher plants seen in figs. 9 and 10? What
docs fig. 11 represent ?—Fig. 122 How many cotyledons each,
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in nothing is this inherent love of beauty more truly de-
veloped than in the study of Flowers.

CHAPTER X,
ORGANS OF VEGETATION.

112. Wirh the first influence of life, the young plant
is acted upon in two opposite directions. A certain point
takes a downward course, fixes itself in the earth, and
becomes a Root.  This is the Descexping Axis.  The
opposite point, being as strongly determined upward,
rises into the air, and produces a Stem and Leaves.
This is the AscEnpiNG Axis, sometimes also called the
Axis of Growth. These three, the Root, Stem and
Leaf, are called Oreaxs or VeceTaTION. They con-
tain all that is essential to the nutriment and growth of
plants, and all other organs are but repetitions or trans-
formations of these. Each has its peculiar office in the
vital economy, and yet they are so nearly related, that in
certain cases the functions of one may be supplied by
another.

113. Having taken a brief view of the elements of
organism in the Plant, let us proceced to the History,
which you will now be much better able to understand.
The earliest knowledge we can have of a plant, individ-
ually considered, or as constituting a single whole, an
entire being, is that of an Expryo contained in the sEED,
and here should its biography begin,

114. Tue VeeerasLe Emeryo is of various forms,
the most common being that of a club-shaped body,
gashed or lobed at one end, as in fig. 4, Plate V. It
consists of three parts—the Radicle, the Plumule and
the Cotyledons. :

115. Tue Rapicik is the undivided end of the em-
bryo, and is seen at b, fig. 4. This is the primary axis,
from which are developed all other parts of the plant.
It ig“the rudimental stem from which both Root and
Stem proceed. ;

116. Tae PLunuLE is the young bud which crowns
the radicle, and is inclosed within the cotyledons. Tt
contains the rudiments of the axis of growth, which, in
the process of time, developes stem and leaves, with all
their subdivisions, varieties and transformations,

117. Tae CoryrLepoxs.—The upper portion of the
embryo usually consists of two foliaceous and fleshy
organs, called the Seep Lraves, or Coryrepons. They
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enfold the young bud before expansion, and generally
rise above the surface, appearing as a pair of greatly
thickened leaves, which are conspicuous in the Garden
Bean, as at ¢ ¢, fig. 7.

118. If a seed of the Garden Bean or Pea be soaked
in water for a day or two, it will spontaneously or easily
separate in two parts, which are the cotyledons, for in
such fleshy seeds the seed-leaves constitute almost the
entire bulk. Between the cotyledons will be seen the
young plant, with its first pair, or PriMorpiarL LEaves,
nicely folded, and conspicuous even before germination.
At fig. 9 is #seed of the Garden Pea treated in this
way. The cotyledons, ¢ ¢, constitute almost the entire
seed, being invested only with a skin. Between them
the embryo is very distinet, with its young bud, or
plumule, p, its radicle », the common axis ¢, and the
cavity on one side at &, where the plumule had been de-
posited. But if an oat,rye or wheat grain be subjected
to the same process, no separation occurs, because there
is but one cotyledon.

119. Tue First Susprvision.—Taking the above
facts into consideration, Pheenogamous plants are sepa-
rated into two great ranks, according to the number of
their seed-leaves, Those which have fwo are termed
DicoryrEpoxnes, or Dicotyledonous plants; and those
which have but one, MonocoryLEDONES, or Monocoty-
ledonous plants. The Dicotyledones include most of our
forest trees, shrubs and herbaceous plants, and they are
represented in the plate by the beautiful Almond tres,
fig. 2, the Garden Bean in various figures, the Moth
Mullein, fig. 10, the delicate little Bell flower, fig. 17, and
the Shrub, fig. 13. The Monocotyledones, which embrace
the Palm, Grass and Lily tribes, are scen in the White
Lily and Maize, figs. 1 and 6, in the Oat-grain, fig. 11,
and in various figures of the last plate. In their mode
of growth, their whole structure, and all their habits,
these two great divisions present the most remarkable
differences, which will be defined in a consideration of the
Stem. At fig. 6 is a grain of Maize germinating: # is
the radicle, ¢ the cotyledon, and g the plumule, unfold-
ing the primordial leaf, which, as all who have obscrved
such plants know, rises above the earth like a little blade
of grass. In Monocotyledones, the cotyledon never ap-
pears above ground; while in Dicotyledones, the seed-leaves
rise into the air, or, in the common phrase, they  come
up.” The Oak, and a few other plants, are cxceptions,
their seed-leaves never rising above the ground.

General subjeét. First influence of life. What is the Root sometimes
called? Stem. Organs of vegetation, what contain? Earliest knowlodge ofa
plant Parts of the embryo. Radicle, what does it' develope? Plumaulo.
Cotyledons, character and office. What sometimes called? How many nsu-

ally? In our common forest trees and herbs how many ? In the Palm, Grass
and Lily tribes? First great subdivision of plants, on what founded? What
plants usually send up their cotyledons in germination ? What excoptions
What do not? Plants with two cotyledons. Called what? With ene?



THE COTYLEDONS—GERMINATION. o1

Plate V.

General sabject  What s represented in fig. 42 Deflne fts parts, What at
7 Whatat@? What enfolded between? What flgures represent Mono-
cotyledonous plants ?—Dicotyledonous *~—Polycotyledonous *—Acotyledonous?
Of what do figs. 15, 5, 14, 16, 8, represent several stages? Point ont the parts
in the figures. What does fig. 6 represent? Define its parts. Fig. T.—Define.
Fig. 9.—What at 4, p, h, cc? What at fig. 11? How many cotyledons? Ex-
plain fig. 11.—fig 12. 1In fig. 4 the cotyledons are seen in the lobed end .
atd, °
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120. Numser or CoryiEpoxs.—By far the largest
portion of plants have two opposite cotyledons; a con-
siderable number have but one; while in a single Order,
containing the Cone-bearing tribe, or Pines, there are
several, arranged in a whorl. This anomalous multipli-
cation is, however, now supposed to have been produced
by a division of the original or regular number of two.
At fig. 12 is such a whorl of cotyledons from the Pine.
At ¢ is the common axis; 7 is the radicle ; while between
the cotyledons, ¢, may be distinguished the plumule,
with its cluster of young leaves.

121. AcoryrepoxNes.—Plants that have no seed-
leaves are called Acotyledones—the particle a, in all
cases, when used as a prefix, signifying without. None
of the Cryptogamia have any seed-leaves, consequently
they are acotyledonous plants. The Cuscuta, a parasitic
plant growing on Milkweeds and other herbs, and com-
monly called Dodder, is almost the only instance known
of a plant having a regular flower, and yet being destitute
of any cotyledon. It is a yellow, leafless vine, with
clusters of small, white flowers, and may be seen at fig. 8,
with its coiled embryo at the left, which is shown uncoiled
just above, where it is seen to be entirely without seed-
lobes.

122. GerminaTioN.—If a seed be placed in favorable
conditions, it soon manifests the presence of life by a
determination to grow. This first impulse of the life-
principle in plants is called GermiNaTiOoN. The first
motion observed is an extension of the Radicle downward.
This soon puts forth from its lower extremity some ten-
der little fibres, while at the same time the cotyledons
expand, and the plumule, or young stem-bud, appears
between them. A plant of the common Garden Bean,
fig. 15, represents very happily these initial processes.
At fig. 5, the young Bean plant has arrived at another
stage. The roots are multiplied, and the stem begins to
lengthen upward, bearing the cotyledons, which appear
almost too heavy for it to carry; but they must be car-
ried up, because from their substance the young plant is
to be nourished until the proper leaves expand, when it
will be able to provide for itself. At fig. 14 these
changes are still more apparent. At fig. 16 the stem is
pushing up; and already putting forth the second pair of
leaves, while the cotyledons appear yet unexpanded near
the roots. At fig. 3 the plant is greatly advanced; the
stem is much lengthened, the primordial leaves are fully
expanded, while the rudiments of another pair are seen
in their axils, or at the terminating point of the stem
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upward, usually denominated the Axis of Growth. The
roots, meanwhile, have enlarged and increased, while
among them may be seen the husk of the seed.

123. The different modes of germination, in Dico-
tyledones and Monocotyledones, are well shown in figs.
6 and 7; while at fic. 11 is a Monocotyledonous sEep,
the Oat grain, laid open, showing the embryo, g, situated
near the base, its radicle, r, and its cotyledon, ¢, rolled
up like a common grass spire.

124. If the student will be at the pains to make
observations for himself, he will find that his studies be-
come more profitable and delightful. Let him remove
the young seedlings every day or two, for several days,
and note every point of progress. He will thus acquire
many interesting and valuable particulars which never
have been written in books, because, notwithstanding all
the uniformity of law, the circumstances of life are so
infinitely varied, that they cannot be all rehearsed.

125, If it were possible to do so, every point and
principle should be illustrated and confirmed by an intel-
ligent observation of natural forms. Your studies will
not then be a mass of hard-sounding and abstruse terms,
or of dry uninteresting facts, but they will be vitalized
by the presence of Life, and exalted by familiarity with
its wonderful revelations. This motto should be the
beginning and end of every chapter in Science—STUupY
NaTure.

CHAPTER XI.
THE DESCENDING AXIS, OR ROOT.

126. TrAT part of the plant which takes a downward
direction, and preferring darkness, hides itself away in
the soil, is termed the Roor.

. 127. Evementary CoxpositioN.—The chief bulk of
annual and biennial roots is composed of parenchyma (35).
The cells, individually considered, are subject to the
game laws of life, growth and multiplication, as those of
other parts; but there are some important differences in
the general growth of the tissue, as will presently appear.
In all plants that form woody stems, the woody tissue
appears in the root soon after it begins to be established
in the stem. You have observed that trees and shrubs
have strong, branching roots, composed chiefly of wood,
and corresponding in general with the extent and weight
of the stem and branches which they are to fix and

With none? How many in the Pines? In the Dodder? In the Crypto-
gamia? First pair of leaves, what called? First act of life in plants, what?

First motion observed? What should be studied along with books?
General subject 3 Define Root. Of what composed ?
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Adventitious Roots?—In what Aerial Roots%~In what Fibrous Roots—In
what the Fusiform Root and its varieties? What remarkable trees? Describe
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counterpoise. If you examine the roots of any strong,
hardy, herbaceous plant, you will find woody tissue, or
fibre, in the same proportion which it bears to the stem.
The fibrils, or growing points, are in all cases composed
of parenchyma. Sometimes, but very rarely, ducts are
found in the root.

128. OreaNoGrAPHY, or Structural Botany, is that
branch of the science which comprehends a study of the
organs as pieces of machinery, having certain relations,
and adapted to certain ends. It relates chiefly to
StrucTurE and Forx.

ORGANOGRAPHY OF THE ROOT.

129. Parts Derivep.—The main body, or fleshy
part of the root, is called the Cauprx, and the fibrous
portions are termed Fiprirs. See Roor Forus, Plate
VI. That part of the root which unites it to the
radicle, or base of the stem, is called the Basg, and
sometimes also the Crown or Collar. In the hair-like
processes with which most roots are abundantly clothed,
all the vital forces of the organ reside.

130. Tae Prinarive Root is the main body of the
organ, or that which proceeds directly from the radicle.
It is generally branched, as may be seen by a reference
to the Root forms just referred to.

131. Secoxpary Roors.—When any part of the
stem is buried in the ground by accident, design, or the
habit of the plant,it will seek to maintain its life by
putting forth roots. Creeping and running stems thus
buried, or in close contact with the ground, send down
roots at every joint; and this is the secret of success
with cuttings and layerings, that the branches thus put
in the ground will strike root. Such roots, and all others
which do not belong to the Primitive root or its branches,
are called Smcoxpary or ApventiTious Roots, as in
the Strawberry, fig. 11.

132. Tur Growine Pomnts.—The vital activities
reside wholly in the fibrils. The growing tissue, how-
ever, is not at their extreme points, but immediately
behind them. The extremities themselves consist of
older tissue, which has been carried along from the base
of the radicle, and combines with its insinuating points
the older and firmer cells, that peculiarly adapt it for
shielding the tenderer portions, by which it is continually
displaced, and pushed forward in growth.

ROOT FORME.
133. In respect to external shape, roots may be

In what proportion i3 wood formed? Define Organography. Parts of the
Root. Define Candex. Fibrils. Primitive Roots. Secondary. Which parts
vitally active? Growing tissue, where deposited ? Root Forms. Deflne the
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divided into the Branching, Fibrous, Granulated, Napi-
orm, Fusiform, Premorse, Tuberous, Fascicled and
Conieal.

134. Brancuing Roors belong to trees and shrubs,
and are of a woody structure, as in fig. 1.

185. Fisrous Roors are found in most of our Grasses
and annual plants. They are chiefly composed of fibrils,
and are therefore very tenacious of life. See figs. 2, 10,
11 and 15.

136. GranuraTep Roors consist of small knobs, or
tubers, strung together by fibrils, as in the Wood Sorrel,
fig. 3.

137. Tur Fusirorm Roor (spindle-form) is fleshy
and tapering at both ends, as in the Radish, fig. 5.

138. Tue Narirorm Roor is a variety of the fusi-
form, with the caudex greatly thickened, asin the English
Turnip, fig. 4.

139. Tue CoxicaL Root is also a variety of the
fusiform, and is distinguished by its tapering regularly
from the base to the apex, as in the Carrot, fig. 9.

140. Tae Tuserous Roor consists of one or more
fleshy knobs, or tubers, united at their base by fibrils, as
in the Orchis, fig. 8. This form must not be confounded
with the Tuber, such as the Potato, which belongs to
stem forms.

141. Tue Prevorse Roor is an abbreviated conical
root, appearing as if cut or bitten off at the lower extre-
mity, as in the Devil’s Bit, a European plant (fig. 6),
which was named from this circumstance. The common
Birdfoot Violet of our wood-sides is also a good example.

142. Tue FascicLep (bundled) Roor seems to con-
sist of an inordinate growth or swelling of the principal
divisions of a fibrous root into a number of fleshy prc
cesses, as in the Early Crowfoot, the Peony and the
Dahlia, fig. 7. A variety of this form developes into
five hand-like divisions, and is hence called PArmaTE.

J

' PERIODS OF DURATION.

143. In respect to their continuance, roots may be
divided into AxNuaL, Biexxian and PERENNIAL.

144. Axxvuar Roors.—These belong to such plants
as spring from the seed, arrive at maturity, flower, and
bear seed in their turn, all in the course of one season.

145. Such roots are always fibrous, as may be seen
in the Convolvulus, fig. 10, in Barley, Oats, and many
common herbs and weeds of our gardens and kitchen
doors. They are only adapted to absorption ; and in the
rapidity of their vital movements, the nutriment is ex-

Branching, Fibrous, Granulated, Fusiform, Napiform, Ccnical, Tuberons,
Premorse, Fascicled. Duration of Roots,
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pended nearly as fast as it is collected. Ouly enough is
laid by to sustain the process of flowering, and when that
is over, the plant dies from mere exhaustion.

146. Bienxiar Roors.—These in the first scason
merely put forth a tuft of leaves; and all the extra
nourishment which the roots absorb is stored away in the
large, fleshy knobs, tubers, or other receptacles, that
always distinguish such roots. This is generally in the
form of sugar, starch, or mucilage. In the second year’s
growth, the plant clothes itself with a stem and leaves,
flowers, and ripens seed. These processes are almost
entirely maintained by the accumulation of the previous
year; and thus the root, having no further supply, be-
comes exhausted, and dies. The Beet, Carrot, Radish,
and most of our esculent roots, belong to this class.

147. Peruxniarn Roors.—All trees and shrubs,
and many herbaceous plants, have perennial roots, or
such as live and grow many years. Those belonging to
arborescent and shrubby plants are woody, and, like the
stem in such growths, they have but a very small portion
of their tissue in an active state at any given time. The
wood is formed in the same manner as that of the stem,
but it has no part in the proper office or functions of the
root, which are vested entirely in the fibrils. These
last are, in all cases, temporary, either existing only in
the youth of the tissues which they clothe, or at most to
the end of the growing season. But they are always
renewed in the young and vigorous parts, and wake with
the waking season, to the fulfilment of their proper
work.

148. HerBaceous StEMs—even those of our pe-
rennial herbs—are always strictly annual; for since
they cannot endure the severe cold of the winter, in tem-
perate climates, they die down to the ground with the
coming of frost; while the perennial roots, with their
latent juices, remain closely enveloped in their earth-
mantle, until Spring returns and ealls them forth, when
they send up new stems, and appear with all the freshness
of a new life. Thus year after year renewed, they con-
tinue to put forth yearly their new stems, crowned with
new flowers and fruit. For this reason, small, shrubby
perennial stems, on being acclimated at the North,
change their habit, and become annual. Thus the Nas-
turtion, which is a perennial shrub in Peru, where it
is a native, in our climate becomes an herbaceous an-

nual.

Life of Annual Roots. Biénnlal. Pe;nnlall— I:er;nhlal Il;erbs.' Instances
of each.
4
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CHAPTER XII.
SOURCES OF NUTRIMENT.

149. Tee Root, in its normal position, may be con-
sidered as fixed in the soil, but it is occasionally found
floating at large in water, as in the Duck-weed, and many
Sea plants. Sometimes also it germinates without coming
in contact with either earth or water, and continues to
maintain its life in the open air. Again, it will strike
into the tissue of other plants, and live on the assimilated
material which it there finds.

150. Roots that live in the water are called AquaTic
Roots; those which shoot in the air, ArriaL Roors;
those which live on other plants, Parasiric Roots;
and those which are used merely as mechanical support,
to fix the plant to the surface on which it grows, Err-
pryTic Roots.

151. Aquatic Roors are generally distinguished by
very numerous, long, slender fibres, the use of which is
apparent ; for, living in a rarer medium than the goil
affords, they thus present a much greater extent of sur-
face to the surrounding element, and the means of obtain-
ing food are thus multiplied. Sometimes these roots
are quite free, and float at large, as in the Water Chick-
weed; at other times they send down long processes, and
establish a connection yith the soil, as in the White
Pond Lily.

152. AeriaL Roors.—These are sent forth by the
stem at a distance from the ground, which they finally
reach and penetrate. The Mangrove, inhabiting the
low marshes which form the shores along the mouths of
most of the large tropical rivers, is able to sustain itself
in its unstable position by its strong aérial roots. These
are sent forth from different heights on the stem; and
after reaching the ground they establish themselves, and
form a kind of frame-work, on which the tree stands,
securely braced by the interlacing of its woody fibre with
the roots and fibres among which it is established, while
at the same time the water obtains a free passage through
the lattice-work thus formed. These roots are natural
layers, and again send forth stems, and thus whole
forests are produced. This tree is represented at fig, 13,
but not very perfectly, for the aérial roots which it drops
down from the branches, as well as the main stem, are
not prolonged sufficiently to be conspicuous, nor are their
gradations preserved. In the Screw Pine (Pandanus)
we find the same habit, which is quite as admirably
adapted to its condition, as you will see at fig. 12, where

General subject. Normal position of the Root. Exceptions. Roots that
live in watcr, what? On other plants? In the air? Used only to fix the

plant? Describe Aquatic Roots. Adrial Roots. Remarkable instances,
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the aérial roots are striking out from every part of the
main stem almost to its summit.

153. Tue Baxiax.—But the most remarkable in-
stance of this habit is found in the Banian, or Indian
Fig of the Bast, fig. 14. This tree sends out long,
horizontal arms, and from these drop down the aérial
roots, lengthening until they reach the soil, where they
finally establish themselves, put forth other stems, and
send down other roots, until the parent tree, surrounded
by numerous trunks almost vying with itself, becomes a
grove, and thus the multiplication of trunks goes on in-
definitely. But the Banian tree can neither be described
nor delineated as it appears in life, with its expansive
canopy of branches—a beautiful green temple of a thou-
sand pillars, curtained with the glossy clusters of its shin-
ing leaves.

154, Parasitic Roors.—These are a variety of
aérial roots that shoot forth in the air; but instead of
reaching the soil, they attach themselves to other plants,
from which they derive their nourishment. They may
be divided into two classes—GReEN ParasiTes, and
Pare or Cororep ParasiTEs.

155. GreEN ParasiTes are furnished with digestive
organs of their own, and are, in fact, not wholly parasitic,
because they perform, in their own tissues, a part of the
vital action necessary to their support. The Mistletoe
is an example. This shrub unites itself so perfectly
with the Foster-plant as to appear a natural branch.
Creeping and twining parasites abound in tropical forests,
where they often crush to death the trees which they
enfold.

156, Pare Parasites have no green foliage, and
consequently no digestive apparatus. Hence they must
live entirely at the expense of the Foster-plant. This
will be better understood when you become acquainted
with the functions of the Leaf. The English Dodder,
Plate VIL fig. 3, is a pale parasite, and is well repre-
sented, showing the suckers at the end of the stalk, by
which it adheres to the herbs, on whose elaborated juices
it feeds and grows. Our common Dodder is a beautiful
little plant, notwithstanding its habit. Its profuse
clusters of white flowers look as if they were strung
together with numerous threads of gold-colored silk.
The clustered flowers of Beech-drops, and the curious
Indian Pipes (Monotropa), which are parasitic on the
roots of old trees, or among decaying herbage, belong to
this class. The Monotropa, in its whole substance—
leaf, stem and flower—when fresh, has the appearance of
pure white wax. The leaves are reduced to mere scales,

Parasitic Roots. What varleties? How distinguished? Which perfect
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and the close resemblance which its shape bears to a
tobacco pipe has suggested the name.

157. Oxe-FLOWERED Parasrres.—Sometimes the
parasite is reduced to a single flower, seated directly on
the Foster-plant. Such is the Rafflesia, fig. 2. This,
although a parasite, is the largest flower known. It is
truly the Mastodon of Flowers. It measures from eight
to ten feet in circumference, and weighs fifteen pounds;
while the cup in the centre will contain eight quarts,
English measure. This flower is of a brick-red, inclining
to orange, marked with white spots. It is parasitic on a
species of Grape-vine, and is found in Sumatra.

158. ErreryTic Roors.—These are useful merely in
their mechanical support. The root-like processes by
which the Ivy ascends, and the Trumpet vine sustains
itself in the air, are properly epiphytic,though they are
not usually called so; and this is true of all root-like
processes which serve merely for mechanical support.

159. Air Prants.—But epiphytic roots chiefly dis-
tinguish a peculiar class of plants that are called
EripuyTEs, because they grow on other plants, and Air-
PLANTS, because they derive their nourishment from the
atmosphere. They generally grow on the trunks and
branches of trees, to which the epiphytic roots adhere
merely for support, their true roots being free, and hang-
ing loose in the air. Many of the tropical Orchids are
of this kind. They are greatly prized by Florists, not
only for their beauty, but for their fantastic varieties
of form and color, which give them a wonderful likeness
to butterflies, and other bright-hued insects. Oune of
their forms may be seen at fig. 1, and also their free
roots shooting out into the air. The Z%llandsia, or
long Gray Moss that grows so profusely on the Live-
Oak, Cottonwood, and other trees of the South, is a plant
of this kind.

160. VeEeeETABLE Puysioroay is that branch of the
science, which comprehends a knowledge and observation
of the organic machinery, as endowed with life, and
manifest in action. It relates chiefly to viTaL masiTs
AND FUNCTION,

CHAPTER XIII.
PHYSIOLOGY OF THE ROOT.

161, Tuis organ does not, like the stem, grow by
an extension of its whole length, but by the extremities
alone, as you have already been apprised (129); and this
mode of growth is well adapted to the circumstances

parasites? . Why? Instances of Green Parasites. Psle Parasites. One-flowered
parasites. Describe Epiphytic Roots, Air plants Instances.



28

in which it is placed. The Stem, for the most part, de-
velopes in the open air, and in that free element elon-
gates without interruption through its whole extent;
while the Root, living in a denser medium, must have a
corresponding difference of habit. Instead of projecting
forward its whole length, it insinuates itself, point by
point ; and as if Caution had been a natural companion
of the Darkness, it thus creeps along, opening a way, and
finding a space for itself, which otherwise it could not
attain. By this method, also, it is able to avoid any
obstacle, by winding round it. But if it grew like the
stem by a uniform projection of its whole substance, the
vital elements would be arrested in their flow, by every
obstacle with which any portion of the growing part
might come in contact. The active juices thus thrown
back, would accumulate ; the growth would only develope
swellings and contortions; repeated deformities would
occur; and the symmetry of the plant, and perhaps its
health also would be destroyed. But the Wisdom that
leadeth the little lambs on the hill-side guideth the Root
as well ; and thus led it never goes astray in the dark.

FUNCTIONS OF THE ROQOT.

162. Mechanical fixture, by which it maintains and
counterbalances the superincumbent stem and branches,
is the first, and most obvious function of the Root. But
if you examine closely, you will find that it has also
other offices, which may properly be termed vital. The
most important of these is

163. ApsorprioN—or the power of sucking from the
soil the liquids and gases which are essential to the life
of the plant. This office is performed chiefly, if not
entirely, by the fibrils, or small hair-like processes with
whieh the root is abundantly clothed. These parts,
having no epidermis at their extremities, absorb liquids
with a great deal of power, until the root is completely
saturated with moisture from the surrounding soil (164).
The way in which this force operates was long a subject
of much doubt and mystery. The ascent of the sap is
directly contrary to gravitation; and thus one of the
highest laws of Nature was supposed to be contravened
by the Vegetable Economy. The theory of capillary
attraction was objectionable, because there are no con-
tinuous tubes in the vegetable frame, but only closed
.cells, and short, interrupted passages. Yet these very
cells, closed by membrane, are now found to combine all
the circumstances necessary te a maintenance of that

ANALYTICAL CLASS-BOOK OF BOTANY.

mode of ecirculation which was discovered by Dutrochet
and is termed Exposmose and Exoswose. This, be-
ing at present the accepted theory, and one which, as far
as it goes, satisfactorily accounts for one of the most re-
markable and important processes in Nature, something
should be known about it.

165. Turory Expramnen.—Two liquids of different
densities separated by a membrane, attract each other,
and currents will be established between them ; but that
from the denser to the weaker liquid will be strongest,
in proportion to the difference of density between the
two. The prinecipal current is called Exposmoss, or
tnward flowing, the other Exoswosr, or ouwtward
JSlowing.

166. Tae ExreriMExT.—Immerse a bladder partly
filled with milk, or a weak solution of sugar, in a vessel
of pure water, and the bladder will be gradually filled,
by the action of endosmose; while at the same time the
water in the vessel will be slightly swectened, or whiten-
ed, by a transudation of the denser liquid, through exos-
mose. If a glass tube having the lower end closed with
membrane be used, you can witness the progress of the
experiment.

167. AprricatioNn.—The vegetable cells are the
tubes closed with membrane—cellulose —which, it will
be remembered, is permeable by liquids (32). These
contain asgimilated juices, which, being mingled with the
crude sap, or lymph, render it more dense than the
water on the outside of their walls, which being attract-
ed toward the denser liquid by this law that always
tends to equilibrium of densities, flows inward—and
this is Endosmose.

168. But that the counter-current, Exosmose is also
established, is clearly shown by two facts. First, a
plant grown in water always imparts some of its peculiar
properties to the liquid which it inhabits; and seeondly,
we find by a careful analysis of the soil round any plant,
that the earth is more or less impregnated with its pecu-
liar propertles, neither of which could be if the liquids
of the plant dld\‘p(_)t flow outward.

169. But§tHo 'gh all this is, almost beyond a doubt,
true, there'1s et'a‘higher truth that should not be lost
gight of. The Vital Principle is still, and ever must be,
superior to merely mechanical laws; and to a consider-
able extent holg s thém in obedience to itself. Iutrochet
considered Galviniém as the agent of transmission; and
probably there‘ﬁre several agencies concerned. The

Leading subject. Define Physiology. To what docsit chiefly relate? How
does the Stem grow? The Root? Reason of tho difference. Ifit grew like
the stem, what would happen ? First and most obvious function of the Root?
Most importsnt function? By what organs chiefly maintained? Theory of

Caplllary attraction, why ohjectionablo? Theory now generally adupted, callod
what? Ixplain. Meaning of Endosmose? Exosmosc? Deseribe experiment,
Application. What force superior to the mechanical? What forces probably
assist the operation ? Dutrochef‘cousidered the agent of transmission what ?
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flow of the sap is always most rapid when the vital action
is strongest. In the spring, when the buds of the pre-
vious year are expanding into leaves; and in summer
when the buds for the coming year are just beginning
to be formed, there is a strong determination of sap to
the extremities. Light, Heat, Electricity and Winds,
accelerate the vital forces, and produce some remark-
able effects, which they could only do by virtue of the
existing vitality; and it is highly probable that the
circulation of the fluids is more or less strongly impelled
by all these forces. Light exerts a powerful influence on
the leaves directly, and through them, indirectly, on the
whole system. Vegetation is always more rapid and
powerful in warm than in cold climates; and it is said
that no natural degree of heat would prove injurious,
provided there is also a sufficiency of moisture. Winds
not only afford mechanical exercise; but they lave the
whole system in fresh currents, which are thus driven
through the pores of the leaf, and carry electrical stimu-
lants into the whole circulation. When a plant dies the
flow of the sap is restrained, and the Endosmose is at once
arrested. Thus you see that no merely mechanical
agency can satisfactorily account for the actions of living
beings. They have machinery, it is true, and this must
be moved by mechanical agency; but the moving rower
stands back of all; for the structure, in being vitalized,
passes away from under the common laws of dead matter.

170. Cuoice or NurrmMENT.—That plants do have
a power of selection, or a kind of choice in the substances
that surround them, is absolutely certain. From the
self-same soil a Beet-root, or Potato, will take up potash,
a Clover-plant lime, and Wheat, phosphoric acid for the
elaboration of its seed, and silex for the support of its
stalk. It has also been observed that roots lengthen
most rapidly in the direction of the most favorable con-
ditions, thus appearing to seek, by a kind of instinet, the
water and gases that are to be found in richer soils.
But the idea of their being governed by instinetive pre-
ferences is now wholly cxploded. We can ecasily see
that they must grow most rapidly where they find the
best means of growth; and thus literal and prosaic
Science very coolly sets Poetry aside.

CHAPTER XIV.
TIE BUD.

171. A tree should not be considered as a single
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individual, but rather as a compound being, consisting
of as many individuals as it may contain buds.

172. A Bud is a scaly envelope containing the
rudiments of a new plant, which it holds in a latent
state, until circumstances favor their development.
At figs. 10 and 11 are different forms of the nup. The
trees and shrubs of warm climates do not form scaly
buds, but unfold their leaves directly to the air. When-"
ever there is snow a part of the year, and severc frosts
oceur, buds are produced for the protection of the latent
plantlets.

173. StrucTurE oF THE Bup.—In this is found one
of the most beautiful provisions of life. The young
Plant is enveloped in a coat of downy fibre, with layer
upon layer, to make it soft and warm. Its roof is
thatched with stronger folds; and over the whole is
spread a coat of resin, which renders it impenetrable
both to cold and wet. Thus wrapped in its silken
swaddling clothes, the Plantlet sleeps securely in its
warm retreat, until the latent power is excited, and it
comes forth to join the troop of dancing leaves, and re-
joice in the greenness of Spring—or perhaps to assertits
individuality by the assumption of a new life.

174. The Embryo Plant remains latent in the bud,
as it often does in the seed, and will not grow till it is
placed in eircumstances favorable to its development.
But that it does exist in the bud, and has the capacity of
unfolding itself into a new plant, is shown by the familiar
operations of Grafting, Layering, and Budding, which
consist simply of transferring the bud to conditions where
its specific vitality may be excited, and its individual life
called forth.

175. The Plumule, or ascending portion of the stem,
originally consists of a growing point, or, in other words,
a bud, which, in its undeveloped state, exists in the
embryo. By the development of this a section of stem
is produced, still terminated by a bud, which always
finishes and crowns the annual growth. In some trees,
as the White Birch and Cherry, the primary axis, or
principal stem, continues to maintain its ascendency ; and
with its aspiring point annually crowned by a new leaf-
bud, it remains distinet from the branches. But in most
cases, by repeated ramifications, it becomes indistinguish- -
ably merged in its own offshoots; and at the summit
several points of about equal height appear, neither of
which has any special claim to the distinction of belong-
ing to the primitive stem, as we often see in the Lime
and Apple-trees.

Do plants ehoose their foed? Is it an instinctive process? How ex-
plained ?
Leading subject. What may a Tree be eonsidered? Define Bud. Where

are scaly buds formed? Where not formed? Btructure of the Bud, describe.
Embrye, proofs of its existence in the bud. Process of its development and
vegeotation, deseribe. Primary axis, in what trees distinguishable ?—in what not?
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176. Nopoes.—The points at which leaves are pro-
duced are called Nopzs, because the tissues are there
condensed into a kind of knot, as you may see by examin-
ing any leaf-bearing twig, and also at figs. 10 and 11.
The nodes are very distinctly marked when the base of
the leaf surrounds, or nearly surrounds, the stem, as in
the Polygonum tribe, one of which you may see in this
volume under the delineation of Polygonace. The
nodes are sometimes called joints, and there is occasion-
ally a real articulation at these points; but if they are
marked no otherwise, they are rendered conspicuous by
the scars of the falling leaves.

177. INTERNODES are the spaces between the modes.
The rudimental stem consists of a definite number of
these leaf-bearing points and the undeveloped spaces
between; and the growth consists in an elongation of the
whole extent, so that the nodes are gradually drawn apart,
giving room for a frec expansion of their leaves.

178. The stem, as you have seen, is lengthened by
the expansion of the terminal bud (fig. 10). Palms,
with few exceptions, produce only terminal buds, when
the stem is entirely without branches, and is said to be
siMPLE.  But most plants show a disposition to produce
branches. These spring from lateral buds, which are
termed AXILLARY, because they arise from the axils of
leaves, or the angle between the leaf, or leaf-stalk and the
stem, as in fig. 11. By this means the undeveloped axes,
or growing points, are multiplied, and the tree extends
itself horizontally. Every branch may thus be considered
a new system of vegetation; for it multiplies the starting
points, and continually repeats the primitive process of
development, every particular branch and branchlet being
crowned at last by a terminal bud.

179. ARRANGEMENT oF THE Brancmes.—As these
are developed in the axils of the leaves, it is obvious that
they must have the same arrangement. Branches are
orrosiTE when they spring from the azils of opposite
leaves, as in the Lilac and Horse-Chestnut ; when they
spring from the azils of leaves alternately arranged,
they are ALTERNATE, as in the Chestnut, Lime-tree and
Buttonwood ; and when they spring from the ails of
leaves occupying a ring round the stem, they are VEr-
TICILLATE, or whorled.

180. Were there no interruption of these secondary
means of development, the tree would be perfectly sym-
metrical ; but several circumstances interfere with them,
and more or less impair the symmetry of growth. These
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are chicfly Undeveloped Buds, Adventitious Buds, and
Superfluous Buds.

181. UxpeveLorEp Bups.—The whole number of
buds formed by trecs are never at any time developed.
Indeed they cannot be all of them designed for develop-
ment; but in their plentiful production, the means of
continuing the plant are multiplied, and provision is
made for cases of accident. If the terminal bud is
destroyed, some of the lateral buds, which else would
have remained inert, are put forth, and thus supply its
place. In this way, when the foliage of trees has been
destroyed by canker-worms, or frost, they are often re-
clothed so rapidly, that their returning verdure scems to
have been rccalled by the power of magic; but the
necromancy rests entirely in the sudden development of
latent buds.

182. Buds which have remained latent, embedded
for years in the trunk of trees, when approached by an
accidental opening, have forced their passage through the
wood, and put forth into new branches. The non-devel-
opment sometimes proceeds in a regular order. When
the branches are opposite, the growing points are gene-
rally crowned by three buds, but all of these seldom
grow. The terminal bud usually continues the growth,
and the two lateral ones remain latent, as in the Maple.
But sometimes the lateral buds are developed, and the
terminal one is suppressed, when the stem becomes regu-
larly forked, as in the Lilac, and the beautiful little plant
known as Innocence, fig. 9.

183. ApvextiTious Bups.—Stems that are gorged
with sap often produce buds out of the regular order, as
in the Willow tribe. These are called AvveNTITIOUS
Bups, and in trees they are usually deposited in the
wood, at the ends of the Medullary Rays (198), and
spring from the new and tender tissuc which has lately
been deposited. The beautiful shades in the Bird’s-cye
Maple are said to be owing to the numerous adventitious
buds which have become incorporated with its wood.

184. SurerrLuous Bups appear to be often produced
by an irregular multipliecation of the axillary buds.
Thus in extremely vigorous trees, three buds may be
produced instead of two, or two instead of one. But all
these irregular multiplications of the bud have one com-
mon origin—in the excess of nutriment and of vitality
in the vegetable tissues,

185. Thus the symmetry of a tree may be disturbed
by two very important influences—first, the non-de-

Points of leaf insertion. Name, Why 8o called? What sometimes
ealled? When conspicnens ? Spaces between nodes. Stem longthened,
hew? What treces produce only terminal buds? When only these are
produced, what arrsngement Las the stem? How is it generally?  Iow

are branches produccd? Each branch may be considered what? What
arrangement have branches? Why? What causes disturb the symmetry ?
How are undeveloped buds often useful ? What of latent buds? Shades in

Maple-wood, by what caused ?
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General subject. What does fig. 1 represent >—fiz. 2?2 What difference be- | each belong? Describe fig. 6—its mode of twining, Fig. 8, what difference be-
tween them? Describe fig. 8. What does fig, 4 represent? What at 1 and | tween it and fig. 6? What kind of stem has the Grape?—the Strawberry »
2? What three_figures in the plate are Endogens? To what family does | Point out the Twiners—Cieavers—Climber—Creeping stem—Trunk—Offset.
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velopment of regular buds; and secondly, the production
of irregular buds. But although the mathematica] order
is sometimes thus infringed, the grace and harmony of
nature are not impaired. On the contrary, one must
feel, in looking at a fine tree—however irregular may be
its proportions—that it must be a daring hand that
could attempt an alteration; and the thoughtful mind
will recognize in these seeming accidents, onlya profounder
wisdom, and a more exccllent boauty.

186. TronNs are abortive branches, which in their
dry and undeveloped state become rigid. That this is
really the true explanation is shown by their sometimes
putting forth leaves, as in the Sloe, fig. 5. Naked
thorns, and one clothed with a few leaves, are also seen
in fig. 6, which represents a thorny shrub of Palestine.
Thorns, prickles and stings, seem to be a kind of natural
weapons in plants, and are analogous to the horns, tusks
and stings of animals. These, in some cases, disappear
under the influence of culture. Hence Linnseus poctically
considers such plants tamed, or deprived of their natu-
ral ferocity; and in sober truth, if thorns are really
undeveloped branches, there is a very good reason why
the higher degree of nutriment found in cultivation
should cause them to disappear in the completely devel-
oped structure.

187. DismiNcrioN BETWEEN A THORN AND PRICKLE.
—A Thorn is an extension of the wood ; a Prickle is
a continuation of the bark only (84), as you may assure
yourself by pecling off a small section from the stem of a
Rose or Bramble, when the prxckle will be removed along
with the bark; but a Thorn treated in the same way
shows its connection with the wood.

188. A TenvriL s a slender, leafless branch, with
a spiral extremity, by which it clasps a firmer body that
may serve as @ prop. 1In the Grape, fig. 4, the tendrils
take the place of suppressed leaves, from whose axils
they arise. They are also branched, as in the Sweet Pea,
fig. 8, and thus the means of support are multiplied.
The tendrils of the Virginian Creeper will adhere to
smooth marble, like the rootlets of Ivy. Sometimes the
tendrils belong to the leaves, as in the Pea and the Len-
til, fig. 7.

189. The leaf-buds of many trees are very beautiful in
their partial expansion. Among these, that of the Horse
Chestnut, which contains both leaves and flowers, is very
ronspicuous. But the most splendid example known
among us is found in the Walnut, the buds of which re-
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semble half-blown Tulips, whose petals have a texturo
of the richest velvet, varying in color from a delicate
flesh-white to a tinge of the finest gold, sometimes relieved
and softened by a hue of blush-red, or a tinge of ashen

gray.

CHAPTER XV. °

THE STEM, OR ASCENDING AXIS,

190. Stem Derinev.—T"hat pasrt of the plant which
developes upward, seeking the air and light, s called
the STeM; and in respeet to position, it usually has a
diametrical opposition to the Root.

191, DisTincTioNs or THE STEM AND Roor.—And
between these two organs there are some other quite re-
markable differences, which we will briefly notice. ~ The
Stem grows by an extension of its whole substance;
the Root by an application of new material to ils ex-
tremities. The stem produces buds, and sends forth
leaves, and through these chiefly it acts on the element
in which ¢t lives.  The root gives birth to no organ,
but its own parts. With a few remote exceptions, it
never produces buds, and therefore bears only naked
branches, while it acts directly on the soil, without the
intervention of any other organ. The branches of the
SteM are symmetrical; those of the Roor without
order.

192. All pheenogamous plants possess stems, thoughe
in some instances that organ is very short, at others hid-
den beneath the soil. The first impulse of growth in the
stem is to ascend ; but it does not always preserve this
direction, as you will sece in the description of subter-
rancan stems.

193. Erementiry CompositioN.—All very young
stems are composed exclusively of parenchyma, or they
have only the rudiments of fibre. But in the course of
growth various transformations occur, which were treated
of in Chapter IV. The most remarkable of these modi-
fications is THE PropucTION OF Woon. It will be
remembered that all the tribes of plants below the Club-
Mosses (101), are wholly destitute of wood, and, in all
the lowest forms, of every thing like fibre also; but the
humblest plant that is articulated into root, stem, leaf
and flower, must have some kind of fibre, or fibre-like
tissue, otherwise it could not form the necessary articu-
lations and framework of those organs.

Thorns, define. Iow is this proved? Idea of Linnans. Probabie Reason.
Distinction between Thorn and Priekle. How proved? Tendril, define.
Varieties,. What bnds most beautiful ?

5

General subject. Define Stem. Distinctiors of Stem and Root? Are any
of the higher plants destitute of stems? Of what are very young stems com-
posed? Most important pmdnct of transformation,
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194. CompoxexT ParTs or Woop.——By examining
fig. 7, Plate VIIL, it will be seen that wood is not
usually composed of woody fibre alone, but that ducts of
various kinds enter largely into its composition, In this
drawing of the Italian Reed, the different forms of the
cell are represented very clearly. The single woody
bundle here exhibited, though from the stem of an
Zndogen (224), shows their distinguishing points—be-
ginning at the left hand, cellular tissue; annular and
spiral ducts ; then a series of bundles composed of woody
fibre, dotted and spiral ducts, and wood; and, finally,
parenchyma again in the cells of the rind, the two outer-
most layers of which have some dots of chlorophylle.

ANATOMY OF THE BTEM.

195. It will be seen by the above analysis that a woody
stem usually consists of three principal portions—the
Prrir, Woop, and Bark. The organic structure of these
must be considered separately.

196. Tar Prra.—This, as you have doubtless often
seen, occupies the centre of the stem; and by aid of the
microscope we discover that it is composed of parenchyma,
the structure of which has already been examined, and
may be seen in fig. 8, at @ a. The cut represents a
woody stem of three years’ growth. The figures 1, 2,
3, mark the growth of each year which is deposited in
layers, and the letters refer to the same points in both
parts of the figure. In the young state, the pith is filled

‘with nutrimental juices; but often, from a rapid growth,
or other causes, it is absorbed, and the centre of the
stem becomes hollow, as in the Grasses; or the pith is
pressed inward by the vigor of growth in the outside,
and is finally obliterated, as in our forest trees. It ap-
pears to be directly serviceable to the plant only in the
early stages of life; for as it advances in strength, it al-
ways gradually diminishes in volume, and at length be-
comes a dry spongy substance, filled only with air. To
the pith belongs

197. Tue MepvrLary Suearin.—This consists of a
circle of spiral, or other ducts, immediately surrounding
the pith, and connecting it with the wood, as in fig. 8 at
d. But the circle of ducts is not complete, for inter-
cepting wedges of the woody tissue protrude themselves
here and there, sometimes crowding the ducts out of

“place. -Yet still the medullary sheath maintains itself
in a general way, sending off its spiral tissue to the

ANALYTICAL CLASS-BOOK OF BOTANY.

branches, and from these to the stalk and veins of the
leavesy

198. Tue MrourLLary Ravs consist of flattened
quadrangular cells built up in a single series, like bricks
in a wall. They belong especially to the wood, which
they traverse at regular intervals, radiating from the
Medullary Sheath to the Bark. The two lines of oblong
cells passing through fig. 5 are the Medullary Rays; but
in this highly magnified representation, their convergence
is not to be seen. Thisis better shown at 7 7, in the trans-
verse section of figure 8, marked 4, where the Medul-
lary Rays are represented passing from the Bark to the
Pith. But in the vertical scction at B they are inter-
rupted, the six layers or lines that are represented, not
passing from the bark to the pith. The reason of this is
that their layers are not arranged in a perfectly vertical
direction, and owing to this slight flexure, their lines are
divided or cut by a vertical section of the stem. The
Medullary Rays are the remains of the Horizontal Sys-
tem (37). They have been compared to the woof of the
vegetable fabric, as they are delicately shot through the
woody fibres of the vertical system, which compose the
warp. They serve to keep up a communieation between
all the growing parts, or the Wood, Pith, and Bark
generally.  They are called by joiners the * silwer
grain ; ” and although the cells themseclves are invisible
to the naked eye, yet the lines which they form are con-
spicuous in the cross section of many kinds of wood, and
espeeially the Oak and Maple, to which they give a
beautiful silvery lustre. The Medullary Rays do not
always reach entirely from the pith to the bark.

199. You have already obtained some idea of the
general structure of the Wood, as well as its component
parts. These are very well portrayed in the Italian
Reed, at fig 7, and also in fig 8, where the wooden
tubes and ducts—maintain their relative positions in the
stem. In a section of the wood of the Plane-tree, fig.
10, the structure is seen as it occurs in a more condensed
form, but still more highly magnified. The mode in
which the tubes, both of the proper wood and duets, over-
lap each other by their pointed ends, is well shown,
clearly representing the complete isolation of each cell, or
tube, and hence the identity of the general structure
with that of parenchyma, or the primitive cellular tissue.
The divided ends also show the respective calibre of the
ducts and wood-cells—that of the former being repre-

Of what not wholly composed? Composition of Pith. Tho Meduilary
Sheath. Three principal parts of a woody stem. Describe Pith. At what
stage most abundant? Probable use. In what plants obliterated? Its
changes, describe. Describe Medullary Sheath. What tissne chiefly pre-
vails in it? In what parts deposited? Medullary Rays low arranged ?

To what parts belong? ¥ow depositcd? What parts connect? In what
section of the fignre are the lines complete? Why not in tho vertical? Of
what aro they the remains? To what compared? What ealied by Joiners?
In what woods conspicuous? Of what is wood formed ? Which havo greatest
calibre? Tlow are the tubes arranged, and what does it prove?
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General snbject. Describe fig. 1. Of what is it & variety? What differ- | grow? What marks? What name? Flgs. 6 and 9, what analegy? Fig. T,
ence? What at 37—at4? How are such plants useful? How annoying ? | explaln structure. What figure represents the Creeper, the Tuber, the Scaly
Deseribe fig. 2. What are the marks or dots on the tubers >—On the blackened | Balb, the Tunicated Bulb, the Rhizoma, the Corm, the Bulblet ?
tnber. Describe fig. 8. What at @ 7—at b7 Describe fig. 4 How does it




36

sented by open mouths a, and that of the latter by minute
specks, L, showing that they have nearly passed into the
solid state, the bore being almost obliterated. In fig. 5
is a transverse section of wood from the same tree, show-
ing more clearly the wide bore of the ducts, and the dot-
like calibre of the wood-cells, which are almost entirely
filled up by an accumulation of the Secondary deposit
(38), that has greatly thickened their walls.

200. Lieyvine.—The wood-cells and ducts collec-
tively, or the substance of wood, is termed Lieyine.
This substance is richer in carbon and hydrogen, and
hence in the materials of combustion, than any other
tissue in the vegetable frame. But it does not consist
entirely of organic material, for in the thickening of its
cells a large quantity of earthy matter is deposited in
their walls, as you have before learned. This consists
chiefly of salts of Potash, and is shown by the deposit
left after burning, for the chemical basis of common
wood ashes is potash; and if there were no earthy element
there would be no ashes. The harder kinds of wood, as
Oak, Maple and Hickory, abound in the ligneous deposit,
while they have less of water than the softer kinds; and
this gives them their great value, not only as fuel, but
in the various mechanic arts.

201. HearT-woop aND Sap-woop.—The old wood
that occupies the centre of the stem is called the HEArT-
woop ; while that which lies next the bark, from its
beautiful white color, is named the Avpurxum, or Sap-
wood. In the latter alone the vital forces of the wood
exist; for the Heart-wood is so far a dead substance, that
it appears useful to the tree chiefly, if not entirely, in
affording mechanical support, and preserving the unity
of the system, by keeping the form entire. 'We may see
the truth of this assumption in those trees that live, and
bear fruit, many years after their trunk has become a
hollow cylinder. 'Whenever the distinction between
the Heart-wood and Sap-wood is strongly marked, the
latter assumes a particular and definite color. The yel-
low hue of the Fustic, the black of the Ebony, the beau-
tiful dark red of the Mahogany, and the rich colors of
the Black Oak and Black Hickory, all exist in the
Heart-wood.

202. Tue Camproy LAYER is a stratum of extremely
delicate and vital cells, which are interposed between
the wood and bark, and belong equally to both. They
are of an oblong form, and may be seen in the lines ¢ ¢,

Of what besides organic material does wood consist? How shown? Of what
salt chicfly consist? Why are hard woods better than others? The sub-
stance of wood-—name—in what is it rlch 2—two principal parts of wood.
In what part are vital actions maintained? Why called Albornum? TPo-
sition of Ieart-wood. What proves it a dead enbstance? Colors. Cam-

ANALYTICAL CLASS-BOOK OF BOTANY.

fig. 8. They are formed of a mucilaginous liquid.-called
the Camprom, which has already been noticed (54).
From these cells is developed a layer of Wood on the
one hand, and a layer of Bark on the other; while
another supply is sent off to replenish and reinvigorate
the Medullary Rays.

203. Tue Bark is at first composed entirely of
parenchyma, and the external layer is green, from the
chlorophylle (65) which it contains. But when the stem
begins to form woody tissue, a portion of woody fibre is
distributed in the Bark, the inner layers of which become
fibrous, while the outer layer gradually loses its green
color, and assumes an ashen gray. The Bark is com-
posed of three distinet layers—the Liber, the Cellular
Envelope, and the Corky Envelope.

204, Tre Liper.—This is the white inner layer of
the bark, and is so called, not only because it exfoliates
in thin plates resembling the leaves of a book, but be-
cause the liber of many trees has been used instead of
paper for writing. The fibres of this integument are
long and very tenacious, as you have seen in the de-
scription of the Bass-tissue (42); and for this reason
they are used for many purposes in the manufacture of
cordage, and various woven fabrics, a more particular
account of which will be found in that section of the
Economical Uses of Plants that treats of the Bark. The
position of the Liber is seen at f,in fig. 8, being next
outside of the Cambium Layer.

205. Tue Cerivnar Exveropk, or Middle Layer,
of the Bark comes next in the outward direction. This,
in the young state, may be known by its green color, and
from this eircumstance is sometimes called the Green
Layer. It is shown at g, in fig. 8, and does not usually
increase after the first year or two. By the thickening
of the Corky deposit next outside, it is excluded from the
Mlight, without which chlorophylle cannot be formed ; and
it gradually perishes, never to be renewed.

206. Tur Corxy Exverore.~—This, in woody stems,
surrouunds the Cellular Envelope, and consists entirely of
flattened tabular cells, as may be seen at &, fig. 8. The
peculiar colors that distinguish the new bark and young
twigs of different species, are due to this envelope.
Tivery one who has liad the taste for a walk in the woods
early in spring, must have observed the pleasing variety
of tints which they assume, changing from sober ash to a
a lively brown, erimson, or bright yellow, thus giving to
the monotonous landscape the vivid effect of flowers.

bium Layer, defifc. OF what formed? What docs it develope? Dark,
of what first composed? Ilow many layers? What called? Inner bark, de.
seribe.  Why so called? Its fibre. Tts particular tissue. Positlon of Liber

What layer next? How known in its young state? Is it permanent?
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207. It is the corky envelope which exfoliates in
large continuous sheets from the Bireh tree. This is of a
peculiar structure, the firm layers of tabular cells alter-
nating with others less compact and durable, which,
when existing in contact with a vital layer below, crumble
tv dust, and thus cause the bark to peel off.

208. Corx.—Sometimes an unusual development of
this tissue occurs, as in the Cork-Oak. The bark of this
tree, which is a native of Southern Europe, exfoliates
once in eight or nine years, affording that very useful
article known in commerce as Cork. Some species of
Elm, and the Sweet Gum tree, also yield cork.

209. At fig. 4 is a section from the stem of the
Maple, at the commencement of the second year’s growth.
A is the transverse section; B is the vertical section.
The spiral vessels around the pith are seen at ¢ ; the
ducts are marked v p, and the bundles of woody fibre,
f; o the cells of the cambium layer; pc pe, the cellular
layers of the new wood'and bark; f the fibrous cells, or
liber, between; s the corky layer ; and, outside of all, is
the common idtegument, with projecting hairs. At fig.
9 ig a transverse section of the Oak, showing, in the six
white concentric circles of wood, the growth of six years,
while the same number of rings are seen in the bark.
The cireles of dark dots ingide of the woody tissue show
the position of the duects.

210. ComparaTIVE CoONTINUITY OF THE BARK AND
Woon.—The same circumstance which solidifies and
makes the wood durable, contributes to the destruction
of the Bark—namely, the erowtm. As this chiefly
occurs in the Cambium Layer, between the wood and
bark, it must be external to the first, and internal to the
last. Hence, while the old wood on the one hand is
rendered compact and hard by the inward pressure, the
bark, on the other, is greatly distended and torn by the
outward pressure. Thus while the one is continually
confirmed in its solidity, the other is continually under-
going changes, both from this cause and the corroding
influence of the elements without. Hence the bark on
old trees is never entire. Itismarked by cracks through
its whole extent, and often by deep fissures. The dead
parts fall off in layers; and as the cells of the bark soon
cease to grow, the proportion of bark to wood is much
less in old than in younger trees.

211, The three layers of bark which have been de-
écribed are not to be distinguished in old trees, or rather
m old parts of the tree, for there the middle or green

‘What layer next? Deseribe. Colors, Spring-walk, What substance pro-
dnz2ed? From what tree? What other trees? Longest life has Bark or Wood ?
Reasor. of the difference. Traco the component parts of the Stem. What layer
obliterated in old bark #
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layer is generally obliterated; but in young woody stems
and branches they are very distinet and clear.

—

CHAPTER XV
THE STEM—ITS MODE OF GROWTH.

212. By the first and most obvious prineiple of divi-
sion, stems are ranked according to their sizE, as consti-
tuting Trees, Shrubs and Herbs. Between the two first
there is no absolute line of division, ag a small tree may
be a large shrub, and the reverse. There are, however,
some general distinetions worth observing.

213. A Trer is a plant with a woody stem, that
rises a considerable height from the ground before it
puts forth any branches; and some authors suppose
that it should be about five times the height of a man to
be assured of its title. But somectimes large trces branch
close to the ground ; and there are many which it would
scarcely do to call shrubs, that are less than twenty feet
high.

214. A Snrus is a plant with a woody stem, that
branches near the ground, and is less than twenty-five
feet high, as the Currant.

215, Uxper-SuRuBs are more diminutive forms of
the shrub, as the Whortleberry and Sweet Fern.

216. Ax Hers is generally a plant of smaller growth,
composed chiefly of eellular tissue, and having eompara-
tively a small portion of wood in its system, as the Daisy
and Sunflower.

217. The Herb, Trec and Shrub, are well contrasted
in figs. 1, 2 and 3, Plate VIII. But there is a funda-
mental- difference in stems, by which they are: ranked
according to their

218. Mope or GrowTH.—All Phsenogamous plants
are thus divided into two great ranks—Exogens, or Out-
side Growers, and Endogens, or Inside Growers. The
first correspond with Dicotyledones, and the second with
Monocotyledones; for all plants with two cotyledons
have exogenous stems, and all with one cotyledon have
monocotyledonous stems. Iixogens may be represented
by the Almond tree, fig. 2, and by most of our com-
mon herbs, shrubs and forest trees; and Endogens by
fig. 6, and by the Lily, Grass, and Palm tribes gene-
rally. 'We will now proceed to notice the differences of
structure that distinguish these strongly defined classes.
All their varieties radically depend on the Mopr or

General snbject. Most obvious division of stems, Defino Tree—Shrnb—
Under-Shrub. Tlerb. What division? Correspondence. Synonymes. Ex-
plain.
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the Grass—the Palm—the Qaster-cil plant—the Fern—the Acacia? What
large groups are distingnished by the two principal forms? Figures of radiately
veined leaves, what ? .

General subject.  What do figs. 1, 8 and 4 represent? How are the leaves
at1,at 8, at 4, at 82 What figures are of Net-veined leaves—Parallel-veined——
Forked-veined? Ilow are tho veins in the Water-Chestnut—in the Orchis-—
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GrowTH, or the manner in which the Fibrous system is
deposited in the Cellular.

219. Exoeexous StrucTURE.—Fig. 9 represents a
transverse section from a stem of the Oak. It is com-
posed of distinet concentric zones, or circular layers, one
of these being formed every year from the vital nutriment
in the Cambium Layer (202), and deposited between the
Liber and Alburnum, or the outer wood and inner bark.
A new layer of wood is thus formed on the outside of the
older tissues, which are pressed inward, and become
greatly solidified, so that the tubes almost lose their
calibre, as you have already seen. This mode of growth
is favorable to increase in diameter, and a wide lateral
development; and consequently we see, very generally,
stout and thick stems in our forest trees, with an um-
brageous expansion of the branches. It is also favorable
to longevity ; for as all the vital forces are renewed annu-
ally, and the woody accumulation in the tissues serves
for mechanical support, it would seem that there could
be no necessary limits to the life of such a tree. The
general structure of an Exogenous stem has been very
clearly defined in the last chapter, in the Anatomy of the
Wood.

220. Expoeenous Strucrure.—Here there are no
distinet layers, but the woody tubes are deposited among
the cellular tissue, without any apparent order. The
new wood in growth is deposited toward the centre, and
becomes indistinguishably mingled with the old, which
is pushed outward. Thus the growth can only take
place by a gradual distension of the stem; and that no
longer than while it remains sufficiently flexible to yield
to the pressure. The vital action being thus checked
horizontally, takes an upward direction; and hence
Palms, and other endogenous trees, are distinguished by
those lofty and slender forms which are at once so majes-
tic and so graceful. In fig. 6 may be seen a section of
a Palm stem, with the bundles of woody fibre curved first
toward the centre, and then toward the circumfereﬁcé,
and thus interlacing each other. In the transverse sec-
tion at the summit, may be seen the divided ends of the
fibre, appearing like dots. But in the arborescent
Yuccas the stem remains soft, and thus capable of un-
limited distension—a feature which is more remarkably
shown in the gigantic Dragon-tree of the African Tslands,

Define Shrub, Under-shrub, Ilerb. On what principle is the next great
division? What two great classes? Iow marked? With what other division
does each correspond ? Instances of each. Describe the Ixogenous stracture.
Endogenous, Wiiere is the new weod deposited in Exogens ?—in Endogens?
In what direction do Exogens incline to expand?—Endogens? What dis-
tinetions nearly or quite lost in the endogencus stem ? To what may its bun-
dles of fibre be traced? What parts inseparable or indistingnishable in Endo-
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which appears like an enormous herb, and is, in fact, a
kind of Lily. In Palms the wood of the lower parts of
the stem ig more solid and compact than that of the upper.

221. The stem of an Endogen affords no definite dis-.
tinetion of pith, wood, and bark, nor is it traversed by
medullary rays. It consists of threads, or bundles of
woody fibre, surrounding a group of ducts. These bun-
dles may be traced directly from the base of the leaves
and in some instances clear to the roots, in young plants.
At other times, eurving outwardly, as seen in the figure,
they lose themselves in the cortical integument of the
rind, which is thus interwrought with the woody system,
and becomes inseparable from it—or is not to be sepa-
rated as a distinct layer.

222. As Palms generally do not form lateral buds,
if the terminal bud is destroyed, they, having no means
of reproducing it, decay and perish. The leaves are
borne in a cluster at the summit; and the diameter of the
trunk, never being contracted by the protrusion of branches,
which, in dividing the substance must diminish the bulk,
is of nearly equal thickness through its whole extent.

223. But sometimes two or more lateral buds devel-
ope, and the stem branches. This is seen in the Screw
Pine, fig. 3, Plate IX. In this and all such cases, the
branches preserve the Palm-like character, and are cylin-
drical, producing leaves only at their extremities. But
in those endogenous plants where lateral buds are freely
produced, and leaves and branches are scattered along
the stem, it tapers upward as in the exogenous forms.
The Asparagus is the most familiar instance of this ar-
rangement, while the Indian Corn furnishes a fine exam-
ple of the ordinary structure of Endogenous stems.

224, Exoerxs axp ExpoeEns.—Exogens have fwo
seed-leaves ; they grow by depositing new cells in Con-
centric Circles, on the outside of the wood, or between
it and the bark; they form lateral buds; and their
stems are distinguishable into Pith, Bark, and Wood.
Endogens have but one seed-leaf; they do not deposit
their wood in Layers, nor on the outside, but in the
centre; they have no definite distinction of Pith and
Bark; and they seLpou rorM Lateral Buds.

STEM FORMS. AERIAL MODIFICATIONS.

225. In respect to their external form, stems may be

gens? Why do not Palms grow thick and stout, like Oaks—or Oaks tall, liko
Palms? What hinders lateral growth in the latter ? In what case do they
continue to expand horizontally? What remarkable instance of lateral expan-
slon? Distinctlons between Exogens and Endegens. Why are Palms not usu-
ally branched ? Inwhat cases are they ? What other instances of branched Endo-
gens? What happens if the terminal bud is destroyed ? ‘What effect has branch-
ing on the shape of the stem ? What fine subject for study of the Endogen ¢
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further divided into the Caulis, the Trunk, the Vine, the
Sucker, the Runner, the Offset and Stolon.

226. Tue Cavwis is the stem of Herbs, and bears
both leaves and flowers. It is chiefly composed of pa-
renchyma, and in all temperate climes is annual in dura-
tion, as in the Hen-bit, fig. 1.

227. Tue Truxk is the stem of Trees, and needs no
further description, as in the Wax-Palm, fig. 9.

228. Tue Curx is a jointed stem, and distinguishes
the family of Grasses, as in fig. 5.

229. The Scare is a stem that springs directly from
the root, and bears a flower or flowers, but no leaves, as
in the Dandelion, fig. 2.

230. Tur Sucker is a branch which, proceeding from
a part of the stem just below the surface, rises, and in
turn becomes a parent stem, as in the Rose and Mint
tribes. The Maize, fig. 4, furnishes a good example, the
suckers being seen at 1 and 2, and the jointed culm at 3.

231. Toe Ru~sNER is a prostrate stem that creeps
along the surface of the ground, putting forth leaves and
roots in little clusters at its extremities, and thus form-
ing new plants, which in due time also extend themselves,
and send forth runners. The Strawberry, fig. 10,is a
stem of this kind. _

232. Tue Orrser is a short branch, terminated by a
rosette of leaves, sent off by the parent plant, and which
will, in its turn, strike root and give birth to others.
The House-leck, fig. 7, is a familiar example.

233. A Srorox is a branch curving until it reaches
the ground, when it strikes root, and establishes ,itself,
producing new individuals. This habit probably suggested
the idea of layering. The Currant and Gooseberry are
good examples. The Pandanus odoratus (one of the
Screw Pines) has this habit; and at fig. 3 it may be
seen, with its stoloniferous branches curved, and curving
to the ground, some of which have already sent up new
branches, crowned, Hke those of the parent tree, with
tufts of leaves.

234. Tue ViNE is a plant whose stem, being too weak
to preserve an erect position, clings to a firmer body for
support. When the plants ascend by means of tendrils,
they are called Climbers, as in the Grape. In the
Clematis, the leaf-stalk performs the office of a tendril;
while in the Pea and Vetch tribes, the tendril is a pro-
tongation of the summit of the leaf-stalk.

235, Twixers are plants that ascend by winding
round some body which serves as a prop; and there is in
every species a determined mode of twining, from which
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it cannot be diverted, so long as its vital energy is not
seriously impaired. In fig. 6, which represents the
Great Bindweed, the convolutions are from left to right;
and in fig. 8, the Hop, they are from right to left.
From its proper and natural mode of ascent a twining
stem cannot be diverted. If trained in an opposite diree-
tion, it will repeatedly make sharp angles and curves, in
order to restore itself, until it becomes exhausted by its
efforts to preserve this great law of Nature.

236. Creavers.—Another class of plants ascend
neither by means of tendrils nor by convolutions, but by
the roughness of their surface, which tenaciously adheres
to the supporting body; and the habit is distinguished
in the common name of a large genus of plants (Galium),
which are popularly known as Cleavers. One of this
curious family is seen at fig. 11.

237. RucuiNing Stems, are those which are too
weak to sustain themselves in an erect position; and
they receive different names, according to their degrees
of prostration. They are

(1) Ascexpineg, when the stem rises obliquely from
the base;

(2) DrcumpexT, when the stem trails along the
ground, rising at the extremity, as in the common Five-
finger ;

(3) ProcumBexT, when it runs lightly along the
ground; and

(4) ProstraTE or RunNine, when it keeps close to
the surface, sometimes burrowing beneath the ground.
Of the eleven forms of the stem represented in Plate IX.,
four are Endogens, and the remainder Exogens.

CHAPTER XVIL

THE STEM—SUBTERRANEAN FORMS—FUNCTIONS.

238. Oxg of the results of a closer study, and more
accurate observation, has been the discovery that, as a
general law, the Root sends forth only naked branches,
and therefore produces no buds. Bulbs, tubers, and
scveral other subterrancan modifications of the growing
axis, are for this reason separated from Root-forms, and
they are now ranked among stems. By this arrangement,
both the Scaly and Creeping Roots of the old Botanists
are now considered as Stems.

239. The principal subterranean modifications of the
Stem are, the Tuber, Corm, Rhizoma, Bulb, and Crecper

240, Tuser.—This is formed by the terminal bud ot

Principal stem-forms, define and desribe each. When plants ascend by means
of tendrils, what are they? When they wind round a prop? What effects when
a twining stem s turned from its course? Give examples,

General subject. Why are these separated from Root-forms? What termed
by old Botanists? Why incorrectly ? Principal Subterranean Modifications.
Definc and describe cach.



Plate XII. LEAF FORMS. - 41

TR
~§"‘¢i7»:fg,':"z:g"z‘:‘3":%'?9‘ Eets

SO
DTIANL

>
oy

T2
2

2

%
25

5
5
&

between figs, 2 and 3—4 and 9—13 and 14? How isfig. 8—17—18¢ How is the
Venation in these lecaves? What, then, do they indicate, Endogens or Exogens ?

General subject. Name each of them. Instances of each. Define Cordate
~Ovate—Spatulate—Aceross — Sagittate—Rhomboidal—Connate. Difference
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a subterranean branch, which, becoming greatly thiok-
ened, developes into a fleshy knob, having numerous buds.
The Potato, in which the buds have the popular name of
eyes, is a familiar instance. The Jerusalem Artichoke,
fig. 2, Plate X., is also a fine example. The tubers,
in different stages of progress, are seen crowning the
several branches; while one of them, exhausted by the
efforts of the preceding year, has no buds. The Tuber is
well stored with starch, to be expended in the future
growth of the plant.

241. Tre Buis may be defined as a subterranean
Bud, usually clothed with scales, which, like those of the
Bud, appear to be undeveloped leaves, as in the Lily, fig.
5. If the bulb consists of concentric layers, it is said to
be tunicated, or coated, as in the Onion. A transverse
" section of this kind of bulb, showing the layers, is seen
at fig. 7. The vertical section of a Bud, fig. 6, and that
of the Lily-Bulb, fig. 9, illustrate the analogy of structure
between the Bud and Bulb. The latter is, to all intents
and purposes, a subterranean BUD.

242. BuLpLETs are small aérial bulbs, which are de-
veloped in the axils of the leaves, as in the Tiger-Lily, fig. 8.

243. Tre Corx is a solid bulb of a round form, and
a compact, uniform texture, as in the Wake-Robin, and
the Meadow Saffron, an English plant, fig. 3. Atais
the old corm, nearly exhausted, while the fresh new corm
is seen at b.

244. Tre Ruizoua is a thickened horizontal stem.
It has the same mode of growth as the aérial forms, in-
creasing at the apex from a terminal bud. The scars of
former stems are to be seen on its surface, and to these
marks the Solomon’s Seal, fig. 4, is indebted for its name.
The Sweet Flag, Ginger, and our native Iris, are also
examples,

245. Tre CreePER is a variety of Rhizoma, from
which it differs chiefly in size. The Carez arenaria,
fig. 1, is a creeping stem, which often renders important
service in binding the loose sands of low maritime shores.
The terminal bud, in this plant, remains subterranean
during the first year. In the second year it*scends,
puts fouth a creeping branch, with a cluster of leaves and
roots; and year after year this operation is repeated, the
plant thus extending itself indefinitely. At 3 is the stem
of the present year, at 4 a section of the last year’s stem.
The Knot-Grass, a troublesome weed in door-yards and
gardens, has a very branching stem of this kind, Tt is
so extremely tenacious of life, that if but a single joint

What is depostted in the Tuber, and for what purpose? Iow is the Bulb
in the Lily? How in the Onion? Most obvious functions of the Stem? What
other functions? What office has it between the Root and Leaves? Describe
the ascent of the Sap. By what law docs it rise—through what parts, in the
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is left it will grow and spread rapidly, so that, if it once
gets roated, it is very difficult to exterminate.

FUNCTIONS OF THE STEM.

246. The most obvious design in the structure of the
Stem consists in the mechanical support whieh it affords
to the superincumbent growth, but it has also equally
important vital functions. The Stem keeps up a more
or less active communication between the remotest vege-
table organs, the Root and Leaf; and thus it is mani-
festly a great conducting medium. The Root absorbs
the surrounding liquids and gases by cndosmose. These
constitute the Crupe Sap, which, with every step, as i,
rises, meeting with denser, because more highly eclabo-
rated liquids, it continues to ascend by the same law,
under the influence of the superior vital law, finding
passage in the early stages of growth mostly through the
dotted ducts, but afterwards through the mnewer wood.
‘When arrived at the branches, the currents are subdivided
and sent into the branchlets; thence, by innumerable
ramifications, they pass into the leaf-stalks and veins,
whenee they again repeatedly diverge; and thus enter-
ing the smaller veins and veinlets, they visit and refresh
the remotest particles of the leaf.  There, having been
acted upon by the light, in a manner hereafter to be
more particularly described, the innutritious portions re-
jected, and the nutritious elements more highly elabo-
rated, they form a whitish, and somewhat viscid sub-
stance, which is known as Camsoym, or EraBoraTED

Sar. :
247. The liquid thus prepared holds in solution the

Elements of the Vegetable Tissues; and having com-
pleted its tour in the leaves, it immediately sets off on
its homeward journey to the Root; but only a small por-
tion eventually arrives there. On its passage through
the Stem, it deposits the Cambium Layer (202); and
from this stratum is sent forth nutriment, which, taken
up by the Medullary Rays (198), passes into the Albur-
num (201), and all the vital parts of the wood. Thusa
new layer of wood is formed on the one hand, and of bark
on the other.

248. Nor is this all. A considerable proportion of
the Cambium is appropriated to supply those cells in
which the peculiar products of the plant are elaborated.
These are found mostly in the Bark, which is generally
the chief place of deposit for the medicinal and other
active properties of the plant. Continuing these offices

young state—afterward—what Ligher law—what changes—how does it progress
—how diverge—what at last reach—what change—by what influence—what
separation oconrs—what Is it then—what hold in solution ? Describe the pas-
sage back. Through what strata does it pass? What deposit?
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throughout the whole stem, the remainder of the Cam-
bium at length reaches the Root, which, it will be re-
membered, having no digestive organs, can elaborate no
putriment for itself. To this it not only supplies new
materials of growth, but also, by enriching its juices,
enables it to maintain the action of Endosmose, by which
new currents are continually put in motion. Thus the
circumnavigation of the Vegetable System is complete.
By a continued repetition of these processes, the tree
lives and grows year after year, until, in contemplating
its majestic proportions, we forget that the life of the
simplest herb that dwells beneath its shadow, is an illus-
tration of the same beautiful laws.

"CHAPTER XVIIL
THE LEAF.

249. Oraaxic Parts.—A leaf consists of two dis-
tinet parts—the flattened expansion called the Brapg,
and the frame-work that supports it, which is the stalk
and veins. The first is composed of cellular tissue, the
latter chiefly of woody fibre. The leaf-stalk is called a
PerioLe. When the petiole is not present, the leaf is
said to be sessile.

ANATOMY OF THE LEAF.

250 Leaves almost always expand horizontally, pre-
senting one surface to the earth,and the other to the
sky. This is their regular position; and corresponding
with this, we commonly find a very marked difference,
both in color and texture, between the upper and under
surfaces, which is appreciable by the naked eye. By aid
of the microscope we find that the apparent difference
originates in the intimate structure of the parts.

251. Tae Urper Surrack is usually composed of a
single layer of oblong cells, very compaetly arranged,
with their ends presented to the expansion, so as to leave
exposed the least possible extent of single walls and
intercellular spaces. But in plants which inhabit dry
and sterile regions, these superficial cells often consist
of two, and sometimes of three layers. The Melon,
which grows well in dry, sandy soils, has three of these
compact layers, as you will see at fig. 22; and the Ole-
ander, which is a native of Syria, has three layers also,
and still more compactly arranged ; while in the structure

What effect? What chiefly in tho Bark? Where at last arrive? What
service to the Root? Why does not the Root elaborate its own food ?
General subject. Of what parts docs the leaf consist? The elementary con-
.stituents of each. Name of the Leaf-stalk. When absent how is the leaf? In
what direction do leaves usually expand? What surface to the light? How

of the Epidermis (77), there are equally important guards,
which are even more under the influence of atmospherie
changes. This arrangement, and some other peculiarities
of structure in the leaf, are designed to check evapora-
tion, or regulate the expenditure of fluids by the eonsti-
tution and necessities of the plant.

252. Lower Surrace.— In this the cells are oval or
ovate, and very loosely arranged, so as to admit of many
intercellular spaces, as in fig, 22. But in leaves which
present their surfaces equally to the light, there is no
difference between them, as in the Iris and Pine tribes.

253. Light acts healthily on the upper surface of
leaves, hurtfully on the under surface; and if by any
accident, as high winds, they become displaced, they
appear to make a voluntary effort to regain their true
position. In this way, plants that stand continually
with one side to a window, grow awry, being drawn
around, by the impulse of the leaves, in their determina-
tion to present their upper surfaces to the light. When
cultivators wish plants to be symmetrical, they turn them
frequently. Some very interesting experiments on this
point were made during the vegetation of the young
Bean plants, which served as models to illustrate Ger-
mination in our fifth plate. A vigorous young plant,
about four inches high, while standing ncar a light win-
dow (but not in strong sunshine), was observed to have
made a curve in the stem, in order to present the upper
surface of its leaves more completely to the light. Tt
was turned round, when in the eourse of an hour it had
straightened itself, and in another hour had made an
opposite curve. By this time candles were brought in,
when one of them being before the plant, in the course
of the evening it turned completely back, and made
another curve toward the candle, proving itself equally
sensitive to artificial as to natural light.

254. Tar EripERMIS, or outer integument, usually
consists of a single layer of flattened cells. But this
organ also, when evaporation is to be restrained, affords
the same safeguards as the cells beneath, having in many
cases two strata of cells, and in some cases three. In
the Cacti—a tribe whose fleshy, succulent stems perform
the office of leaves, which are entirely wanting—the cpi-
dermis is of a peculiar structure. As these plants in-
habit dry sands, bare rocks, and the hottest and most
sterile situations, they are admirably fitted to retain for
a long time whatever moisture they may acquire, either
from the atmosphere, rain, or dew. The epidermis is

affected by light? What instancc? Structure of the upper surface. Hew In
nativesof very dry solls? Why? Under surface. Name of the outer integu.
ment. What openlngs? What organs are they? On what principle con
structed? Deseribe the operation.
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the Peltato Jeaf—the Oblique leaf. How are the leaves at fig. 12? How many
leaves of Exog what of End bow do yon distinguish their characters? A4y
If the lohes at the base of the blade in fig. 18 were developed equaily, what §
kind of leaf would it be? What is the distinguishing character of the leaf in
fig. 14?7 How do 5 and 6 resemble each other—how unlike? At fig. 10 1s the
true palmate leaf, hand-shaped, with 5 finger-like divisions; at fig, 8 the form
{s also termed nalmate,
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formed of three strata of greatly thickened cells so that
exhalation is completely checked, and the loss of moisture
effectually restrained. Nor is this all. The epidermis,
you will remember, is pierced at regular intervals by
openings called

255. Sromara.—These are the Oreaxs oF Exmara-
rioN. They are situated so as to open directly into
the air-chambers of the intercellular system by which
they are surrounded; and through them a circulation is
kept up between the cells of the interior of the leaf and
the outer air. In fig. 20, two oval bodies represcent the
stomata. Kach one, as will be seen, is composed of two
lip-like processes. These are constructed on the principle
of a self-acting valve, and are exceedingly sensitive to
the influence of moisture. When there is an excess of
water in the system, they elongate themselves, curving
outwardly, and thus open a passage for the exhalation of
the superfluous water. But when there is a deficiency
of water, and they become dry, they shorten and straighten
themselves, so as effectually to close the passages, and
thus prevent exhalation. The very circumstance which
is caused by a want of water in the system, closes the
door against its useless expenditure, at the very moment
when the waste would become injurious. This sensibility
in the vegetable system, doubtless, to a considerable
extent, supplies the place of sensation, which belongs to
animals.

256. Position or THE StomMATA.—These organs
are generally too delicate to bear the full power of the
sun, and hence they are chiefly found in the lower sur-
face of the lcaf, where they are sometimes so numerous,
that 120,000 have been counted in a square inch of sur-
face. In sword-shaped, and other vertical leaves, in
which the two sides are both presented to the light, the
stomata are equally distributed over their surfaces. In
leaves which float on the water, as those of the White
Pond Lily, the stomata are all on the upper surface;
and in completely submerged leaves they are not found.
There are no stomata in the epidermis of Roots.

PREFOLIATION.

257. The peculiar manner in which the leaf lies
folded in the bud is called PreroriatioN. The differ-
cnt ways of folding in the leaves of plants, are so uni-
form, as to be of some importance in the determination
of their relationships. This subject at least furnishes a
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very interesting study; and it may be pursued, in the
happiest manner, when the leaf-bud is completely swelled,
just before its expansion. Make a cross section with a
sharp knife, and the mode of arrangement will be exhib-
ited in the clearest and most beautiful manner. The
buds of the Apple, Peach, Horse-Chestnut, Lilac and
Walnut, may be recommended to the young student as
good subjects of observation. In studying the arrange-
ment of leaves, two things are to be observed; first, the
manner of folding in the single leaf; and secondly,
the arrangement of the leaves in regard to each other.

258. The following are some of the principal forms of
Prefoliation in the single leaf :

(1) ConpurricaTE, when the leaf is folded toward
the mid-vein, with the upper surfaces inclining toward
each other, as in the Qak, Peach and Magnolia, fig. 10;

(2)  Coxvoruts, when the leaf is rolled up from one
of its edges in a complete coil, as in the Plantain, Cherry
and Apricot, fig. 13;

(3) RevoruTk, when both edges are rolled outwardly
toward the mid-vein, asin the Willow and Azalea, fig. 11 ;

(4) IsvoruTE, when both edges are rolled inwardly
toward the mid-vein, as in the Apple, Violet and Water-
Lily, fig. 12.—In the beautiful Lotus, a Water-Lily of
Bgypt, fig. 21, the manner of folding in the involute leaf
is clearly shown;

(5) Prarrep, when the leaf is Yolded like a fan, as in
the Currant, Maple and Vine, fig. 14;

(6) CirciNATE, rolled up like a crosier, from the apex
to the base, as in the Linden and Fern, fig. 15;

259. Secondly, of the folding of leaves in relation to
each other, the following are the principal varieties :

(1) OsvoruTr, when a half of each leaf embraces a
corresponding half of the next, as in the Sage, fig. 16;

(2) SupervoLuTE, when one convolute leaf, embra-
cing another, is rolled up along with it, as in fig. 17 ;

(8) Equrraxt, when the leaves successively inclose
each other in parallel lines, without any inversion, as in
the Iris, fig. 19;

(4) TmsrrcaTED, when the outer leaves are succes-
sively folded over the inner, as in fig. 18.

In the order of their folding in the bud, leaves ex-
hibit their future arrangement on the branches.

260. ARRANGEMENT OF LEAvES.—In respect to their
distribution on the stem and branches, leaves are

(1) AvTerNaTE, when there is only one to each

What in vegetables analogons to sensation {n animals? Pesition of the Sto-
nata. Numbers. How inthe upper surface? Under? How in sword-shaped
caves? In floating leaves? In submerged leaves? How in the Roet? For
what are all these guards designed? Mode of folding in the bud? Hew
named? What buds recommended for stndy? What two poiats to be con-

sidered? Forms of Prefoliation. Define and describe each. Are the six first
modes of folding in the single leaf, or In associated leaves? Define and de-
scribe the four next. How are these, singlo or associated forirs? Instances of
each mede. What medes of distribution on tho branches? How with one
leaf to each node?
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node, as in the Apple and the Oak, fig. 1, Plate XTI,
and the Evening Primrose, fig. 8;

(2) OrrosiTE, when there are two to each node, as
in the Maple, Lilae, and fig. 3 ; and

(3) VerriciLLAaTE, when they surround the stem in
a whorl, or ring, as in Cleavers and in the Madder,
fig. 4. {

261. This branch of the science has of late become
much expanded ; and the arrangement of leaves has been
found obedient to certain mathematical laws, for an ae-
count of which the inquirer is referred to “ Gray's Bo-
tanical Classbook ”—a most excellent elementary treatise
on the Life, Structure and Habits of Plants, with which
no American student should be unacquainted.

VENATION.

262. The manner in which the veins are distributed
in the leaf is termed Venarion. This system is divided
into the Mid-vein, the Veins, Veinlets and Veinulets.

263. Tae Min-VEIN is the strong process that usually
passes through the middle of the blade, from the base to
the apex, as in figs. 2 and 5.

264. VEixs are subdivisions of the mid-vein, as in
the Cherry, fig. 2, and the Water Chestnut, fig. 5.

265. VeiNLeETs are radiations from the principal
veins, as in fig. 2.

266. VEINULETS are still more remote subdivisions,
the ultimate radiations of which are often so fine as to
elude the naked eye, as in figs. 12 and 14.

267. The stronger branches, or primary veins, are
frequently called Ribs, and the leaf is said to be three,
five, or seven-ribbed, as in figs. 10 and 15; while the cen-
tral process is called the mid-rib. The word Nerve is
also sometimes used to express venation.

268. There are three principal modes of venation—
Reticulated Venation, Parallel Venation, and Forked
Venation.

269. ReTicuLATED VENATION is a characteristic of
Exogens, as in the Oak, fig. 1. Such leaves are fre-
quently called net-veined leawves, which is, indeed, the
shorter and better name. Net-veined leaves are of two
varieties—the Radiately-veined, and the Feather-veined
leaf.

270. When the apex of the petiole divides into
several nearly equal processes, which radiate from the
base to the eircumference, the leaf is RADIATELY VEINED,
as in the Mallow and Castor-oil plant, figs. 15 and 10.
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271. Fraruer-veiNep Lear.—In this the petiole is

| obviously continued, and runs from the base nearly or

quite to the apex, giving rise to veins, which again throw
off their divisions and subdivisions, forming a kind of
network, as in figs. 2 and 12.

272. PARALLEL VENATION.—In this the veins are
usually straight, as in the Grasses, fig. 11, and the Palms,
fig. 13, but they are sometimes curved, as in the Orchis,
fig. 6. A fine example of this mode of venation is found
in the Indian Corn. At fig. 9 is seen a leaf of an Aecacia,
native of New Holland, which is of a peculiar structure.
At the base is a kind of leaf-like petiole, which is parallel-
veined ; while the summit is compound and net-veined.
Such 2 leaf is called a Payrropioy.  Endogens are dis-
tinguished by parallel venation, as in the Lily, Grass
and Palm tribes.

273. YorkEp VENATION.—~In this mode—which is
a characteristic of Ferns—the veins are thrown off in
two opposite pairs, or forked, as in fig. 7.

CHAPTER XIX.

LEAF-FORMS.

274. Orraix oF Form.—De Candolle, the great
French Botanist, has a theory that the forms of leaves
depend on the quantity of parenchyma, aud the distribu-
tion of their veins; but for our purpose, the simple faets
in the case will be sufficient.

275. Familiarity with Leaf-forms is a great help in the
diserimination of species, and you will now give your at-
tention to the chief of these—merely observing, as we pass,
that the names which distinguish them, being types of
mere form, are also applied to all other parts of the plant.

Whenever a leaf consists of a single piece or part,
it is SiupLE, however much the margin may be divided,
as in the Oak, Rose and Lilac. Simple leaves are

(1) OmrBICULAR, in their nearest approach to the eir-
cular, as in the Lettuce-Liverwort and Pennywort, figs.
1 and 20, Plate XII. No leaf is perfectly round;

(2) Ovare (egg-shaped), rounded, with the stalk
attached to the larger end, as in fig. 2;

(3) ObovaTE, rounded, with the stem attached to
the smaller end; the reverse* of ovate, as in fig. 3:

* The particle ob, in Botany, always reverses the meaning of the words te
which it is affixed.

Ilow with two leaves in each node? In a whorl. Arrangement of the
velns, What called? Parts of the venous system. Define the Mid-vein.
Veins. Velnlets, Veinulets. What are the strong primary veins sometimes
called? What other word used? T'hree principal modes of Venation. De-

seribe Retleulated venation, What sometimes called ? What varieties? What
great class characterize? Parallel venation. Varicties, What great class doos
it indicate? Forked venation. In whatplants? De Candolle’s Theory. Loaf
Names—Forms. Defino each,



Plate XIV. COMPOUND LEAVES. 4%

General subject. Namo cach figure. To which of the two principal forms | How is fig. 9 compounded 2—fig. 10? What kind of leafat fig. 11? To which
of the Compoand Leaf do figs. 1, 4, 5, 6,7, 8,and 12 belong ? To which figs, 2, 9, | of the two principal forms does it incline? Are theso leaves of Endogens ot
10, and 18? How are figs. 1 and 6 said to be winged ?—how at fig. 4?7 Howis | Exogens? Why?
fig. 5 compoundod *—77—8? How i3 the winged leafat 12% What form at 87
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(4) OsroxG, the breadth greatly exceeding the
length, and nearly of the same breadth throughout, as in
figs. 7 and 12;

(5) Ovar, when both ends are
rounded, as in figs. 5 and 6;

(6) Diamoxp-rorM (rhomboidal), as in the White
Birch, fig. 10;

(7) CorpATE (heart-shaped), the base forming two
rounded lobes, as in the Lilac and fig. 4;

(8) Rmxrory, a broader and shorter heart-form, as
in the Asarum, fig. 9;

(9) Laxceorate, shaped like an ancient lance, with
a long and curved point, as in the Peach, fig. 8;

(10) SpATULATE, in the form of an ancient weapon,
called a spatula, fig. 11;

(11) SacerraTe (arrow-form), the base prolonged
backward, in two diverging lobes, as in the Calla and the
Arrowhead, fig. 13;

(12) HasTATE, the terminal lobes smaller, but still
more diverging, as in the Sorrel, fig. 14

(13) AvuricLep, the base winged with ear-like pro-
cesses, as in a species of Sage, fig. 18;

(14) Crasring, the base of the leaf embracing the
stem, fig. 15;

(15) Aczrosk (needle-shaped), leaves clustered in
long, slender and acute processes, as in the Pines, fig. 16;

(16) PerroriaTE, when the edges of a simple leaf
cohere, so that the stem appears to grow through it, as
in the Honeysuckle, fig. 17 ;

(17) CoxxaTE, when the bases of two opposite leaves
cohere, 30 as to form a double perfoliate leaf, as in the
Boneset, and some species of Honeysuckle, fig. 19;

(18) SixvaTE, when a winding or sinuous line de-
scribes the margin, as in the QOak, fig. 1, Plate XIIL.;

(19) LyraTE, with the notches more sharply defined,
and the terminal lobe larger and more rounded, as in
Shepherd’s-purse, and the Turnip, fig. 2;

(20) PixxaTiFm, with the Iobes reaching to the mid-
vein, and again divided, as in fig. 3;

(21) RuxciNaTE, cut into large diverging teeth,
which point backward, as in the Dandelion, fig. 4

(22) Lixear, long and narrow, as in the Grasses,
fig. 5;

(23) Pepare, with several deep lobes, somewhat
resembling a bird’s foot, as in the Violet, which bears
its name, and fig. 7;

(24) Pavmare (hand-form), with several lobes re-

somewhat sharply
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sembling a hand with the fingers spread open, as in the
Passion-flower, and the Castor-oil plant, figs. 8 and 10.

(25) Prrrate, having the stalk fixed near the centre,
80 as to give the leaf a shicld-like appearance, as in the
Nasturtion, fig. 9; and

(26) OsriQuE, with the sides of the base developed
unequally, fig. 13.

(27) Ensirorm (sword shaped), long and narrow, with
both surfaces alike, as in the Iris, fig. 6.

(28) Decurrent, with the margin running down the
stem, as in the Thistle, fig. 14.

276. In this plate are various modes of being cu,
or different forms of the lobed Leaf. The lower leaves
of the Water Chestnut (Zrapa natans) are minutely
divided, while those which grow out of water are entire.

COMPOUND LEAF-FORMS.

277. When a leaf is composed of more than one
piece or part, it is Compounn. A compound leaf may
be distinguished from a deeply divided simple leaf by
the articulation, or jointing together, of its several parts,
which, when the leaf decays, fall asunder. Leaves have
two principal modes of composition—the PinvaTe Foray,
as in the Loecust, Rose and Pea, and the TerNATE Forar,
as in Clover. Other compound forms are either vari-
ations or combinations of these.

278. The divisions of a compound leaf are called
LearrETs, and they exhibit all the peculiarities that dis-
tinguish gimple leaves. The stalk that bears them is
called the Common PrTioLk, and the foot-stalk of each
particular leaflet is called the PETIoLULA. ;

279. A Compound leaf is Pinnate, when the leaflets
are affixed to each side of a common petiole, as in the
Rose Acacia, fig. 1, Plate XIV. Pinnate leaves are
also called Winged, because the leaflets serve as plumage
to waft them up and down in the air.

A Pinnate Leaf is

(1) TermxaLLy Wineep, ending in a single leaflet,
as in figs. 1and 6;

(2) AsrurrLy Wincep, ending in a pair of leaflets,
fig. 4;

(8) IsTerruprEnLy Winemp, when the ordinary
leaflets are interspersed with smaller ones, as in the
Potato and the Agrimony, fig. 7;

(4) Cirruosk, ending with a tendril, as in the Lentil.
fig. 12;

Instances. What are the divisions of a simple leaf ealied? Water Chest-
nut, describe. Compound leaf, define its principal forms and divisions. What

do they exhibit? The Stalk of a compound leaf, its divisions. Deseribe the
forms. - ‘Pinnate, its varictics, Define each.
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(5) BirixwaTE (fwice pinnate), when the leaflets
themselves are pinnate, as in the Honey-Locust,
fig. 8; and

(6) TripINNATE (three times pinnate), when the
leaflets are bipinnate, so that the leaf is thriee com-
pounded, as in fig. 5, which represents only one leaf.

280. When a leaf consists of several finger-like divi-
sions, it is ealled Digitate, as in the Horse-Chestnut,
fig. 3.

281. A Terxate LEpar consists of three leaflets,
which erown the stem in a kind of whorl, as in the Clover,
fig. 2. At fig. 13 is a ternate leaf of the Wood-Sorrel,
whose leaflets are obeordate, or reversed heart-shape. A
Ternate Leaf is

(1) Brrer~aTE, when the leaflets are themselves
ternate, fig. 9; and

(2) TriTervaTE, when the leaflets are biternate,
fig. 10.

282. A Leaf is DEcoyrouxnDp, when it combines the
characters of the two principal types of the Compound
Leaf; and it is said to be PixvareELy Drcompoux, or
TerNATELY DECOMPOUND, as it approaches more nearly
one or the other of these forms. The leaf of Meadow
Rue, fig. 11, is Ternately Deeompound.

LEAF-MARGIN,

283. Tur MareiN oF THE Lxuar is generally marked
by notehes of various forms. The different modes of
being cut present characters so uniform, as to be of con-
giderable importanee in the distinction of speeies. A
Leaf is

(1) ExTirg, when there are no notehes, or teeth of any
kind, as in fig. 1, Plate XV. The Victoria Regia, fig. 15,
has a remarkable leaf. It is entire, and the margin is
surrounded by a deep rim. It spreads out on the water
like a great platter, often six or seven feet in diam-
eter;

(2) SerrATE, with notches like the teeth of a saw,
all pointing to the summit, as in figs. 2 and 3. At fig.
6 the leaf is biserrate, or doubly serrate ;

(3) DexrTATE (foothed), with irregular and diverging
notches, as in the Plane and Chestnut, figs. 4 and 5;

(4) Reraxp, with the margin slightly concave,
fig. 7,

(5) CrExaTE, with rounded notches, as in the Penny-
wort and Mallow, figs. 8 and 9;

(6) LaciNniaATE (forn), eut in deep and irregular
gashes, as in Aconite, fig. 10 ;

When twice pinnate. Three times, Leaf in finger-liko divisions. Three
divisions, Varieties of the Ternate leaf. Decompound leaf, Leaf-margin,

7
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(7) IscisED (cut), the margins divided by deep in-
cisions, as in Crowfoot, fig. 11. Between the two last
there are no absolute distinetions ; the terms cut, gashed
and forn, being used almost, if not quite indifferently,
and merely represent slight variations of the lobed
leaf;

(8) DissEcTED, with the parenchyma greatly deficient,
and barely covering the veins, so as to give the appear-
ance of a skeleton, as in the Water Ranunculus, fig. 13,
Submerged leaves most commonly take this form. In
the Water-Chestnut, which has already been referred to,
the disseeted leaves near the base grow under water;
while those that float on the surfaee are simple and un-
divided. The foliage of this plant is exquisitely delicate
and beautiful ;

(9) Friurep, the margin greatly expanded, as in the
High Mallow, fig. 14;

(10) SeixescextT, the notches invested with thorn-
like processes, as in the Holly, fig. 12; and

(11) Erosg, appearing as if gnawed or bitten by
animals, as in fig. 16.

LEAF-SUMMIT.

284. Tue Arex oF THE LEar is also marked by
several variations, which are of considerable importance
in speeific distinetions. A leaf is

(1) Acure, when it ends in a sharp point, as in the
Peach, fig. 1, Plate XV1I.;

(2) Osnrusk, when it is blunt at the apex, fig. 2;

(3) AcumnaTE, with a greatly attenuated point,
more or less curved, like a shoemaker’s awl, as in figs*7
and 8;

(4) MucroNaTr, ending in a bristly point, fig. 3;

(5) Reruse, with a rounded notch at the end, fig, 4;

(6) EMarGINATE, with a small, sharp notch at the
end, fig. 5; and

(7) TruxcATE, appearing as if cut off square at the
end, as in the Tulip-tree, fig. 6. At fig. 9 is a flowering
branch of the same beautiful tree, showing more perfectly
the peculiar form and venation of its fine leaves (285).
At fig. 10 one of the Locust tribe is seen, with its leaflets
arranged in opposite pairs, like delicately plumed wings,
and retuse at the apex. In the Lentil of the sacred
Seriptures, fig. 11, the leaf terminates in a tendril ; while
in fig. 13, the very acute, and also acuminate, leaf of the
Wild Radish (Raphanus) is seen. The Frond, a peculiar
form of the leaf, is shown in the Fern and Moss, figs. 14
and 15, and the Thallus in the Lichen, fig. 12.

varieties. Instances of each. Leaf-summit, varieties, Tulip Tree. Locust
Lentii, 'Wild Radish. Frond, in what plants? Thallus, in what ?
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General subject. Give the character of each leaf-margin ia the
2 plate. What kind of leaf at fig. 1? Difference between 2 and 6, 2

and 4. How is tho margin at figs. 8 and 9—how at fig. 14? What
peculiarity at fig. 18—fig. 152 What appearance at fiz. 162 How
i8 tho margin at fig. 10—fig. 11? Is thero any absolute differenceo
between theso two forms? Iow is tho margin at fig. T? What
leaf at page 12, and by what habit is it affected ?



THE PETIOLE.

THE PETIOLE.

285. Tur Lear-staLk, or PEerioLE, is usnally a
half-round, the upper side being flattened, with a groove
or channel running through it, as in the Crowfoot, fig. 1,
Plate XVIL

The Petiole is

(1) StipuLaTE, invested at the base with a pair of
small leaves, called stipules, as in the Cherry, fig. 2;

(2) AvaTe (winged), wheu invested on each side
with a process like a small section of the leaf, as in the
Orange, fig. 3;

(3) SuearmNG, in such plants as the Coriander and
Dill, fig. 4;

(4) Crasping or TuBuLawr, when it embraces the
stem, as in the Plane-tree, fig. 13

(5) Rouxp, as in the Large Mallow, fig. 6; and the
Leaf is

(6) SessiLE, when it has no petiole, but is seated
directly on the branch or stem, as in the Evening Prim-
zose, fig. 5.

CHAPTER XX.
LEAF MODIFICATIONS.

286. The leaf, in many cases, takes what may be
called an abnormal development, producing various
irregular forms. The chief of these are, Phyllodia,
Ascidia, or Pitchers, Stipules, and Braets.

287. By an irregular expansion of the Fibrous sys-
tem, and a suppression of the Cellular, the petiole dilates
into a rigid blade (248), which is generally traversed by
parallel veins ; while the proper blade of the leaf becomes
partially, and sometimes wholly, abortive.  These
leaf-like bodies are called Pryrropra. They are properly
a modification of the Petiole, and present some remark-
able peculiarities. You will remember that the regular
position of a leaf is parallel with the plane of the horizon,
or with one surface presented to the sky, and the other
to the ground ; but Phyllodia uniformly assume a vertical
position, presenting their edges, instead of their surfaces,
to the earth and sky. They are distinguished from
leaves with a true blade by their being always parallel
veined and entire ; while the carly leaves, and occasionally
the later ones, are compound and feather veined. Phyl-
lodia sometimes appear making an effort to return to this
type, for not unfrequently they bear on their apex a true
compound, net-veined blade. These Phyllodia constitute

Qeneral snbject. Common shape, varfetics. Leaf modiflcations, varieties,
how produced. What are they properly ? “Describe Phyllodia. Where found
‘n what plants? How presented to tho light? What effect has such foliage ?
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the entire foliage of the Australian Acacias, one of which
is seen at fig..7; and these, with the Mgyrtaceous tribes
of the same region, compose nearly two thirds of the
entire forests of New Holland. In the Australian
Myrtles, the blade of the leaf becomes vertical, by a twist
in the petiole. A forest composed of such vegetation
has a grim and rigid look, and the effect of light and
shade is speectral.

288. Ascipia, or Prrcuers.—These are also to be
ranked among unusual developments of the petiole.

.They are formed by the cohering edges of a dilated and

infolding petiole, and appear to be constructed for the
purpose of containing water. Such is the common
Pitcher-plant of our wet meadows (Sarracenia), fig. 9.
In this the tubular portion represents the petiole, while
the mouth-like process at the summit is the abbreviated
blade. In the Pitcher-plant of the Kast (Nepenthes),
the structure is still more curious. The petiole is first
expanded intoa Phyllodium, then contracted into a ten-
dril, when finally it expands in the pitcher. This is fur-
nished with a neatly fitting lid, which is articulated with
it, as if by a regular hinge, made to open and shut, as
may be seen in fig. 8. It is usually found nearly filled
with water, which it is supposed to secrete through the
base of the petiole, whose spiral ducts are very large and
numerous. This liquid, whether water or a secretion of
the plant, always contains great numbers of putrifying
insects. The only liwing inhabitant is a kind of shrimp,
which preys on the insects, and probably lays its eggs in
their bodies. The water serves the double purpose of
attracting the flies and maintaining the shrimp ; and, so
far as the plant is concerned in this very curious and
singular economy, it may be nourished by the gases
evolved by the dead flics. This is not improbable,
since carbon, the basis of the vegetable body, would be
profusely supplied by the carbonic acid gas evolved
by the decomposing bodies. The uniformity of the
oceurrence involves both habit and design. Some other
plants, also, have the same economy, which is probably
to be referred to the same cause. Foremost among
these is

289. Vexus’ Fryrrar (Dionwa)—This plant pre-
sents one of the most remarkable instances of abnormal
structure in the petiole. This organ, as in the other
cases, is a dilated leaf-like body, net-veined, and bearing
on its summit a somewhat reniform or obcordate appen-
dage, fringed with a border of stiff bristles. This latter
process represents the blade of the leaf. In fig. 11, two

Ascidia. Instances. Native plant. Exotic form. What contaln? What
tenant? Describe Dioncea. Describe leaf,
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leaves of such a plant are represented as being folded
together, while a third is open. The folding depends on
a constitutional irritability, which will be discussed in
its proper place. In the Water-Chestnut, fig. 10, the
petiole is dilated into an air-tube, which may serve as a
buoy to the floating leaves. This beautiful economy is
often observed in Seaweeds, and other aquatic plants.

290. But there is nothing of the kind more curious
and remarkable, than we find in the twining plant of the
East Indies, called Dischidia. This plant ascends to
the summit of the tallest trees, sometimes putting forth
leaves a hundred feet from its base; while the whole
stem below, being without leaves, can elaborate no food.
The pitcher, which resembles a Hang-bird’s nest, appears
to be formed of a leaf, whose edges roll together and
adhere, closing entirely at the bottom; while at the top
it remains open, to admit all the moisture that falls in
its way; and usually it contains a eonsiderable quantity.
But the most wonderful part of its economy is yet to be
told. From the nearest portion of the stem several root-
like processes are sent out, whose fibrils, entering these
little cups, absorb the moisture, which the upper parts of
the plant, in their insular situation, their great distance
from the root, and the want of leaves below, could not
otherwise attain. So wonderful and admirable are the
means which often, in the absence, or irregular position
of any organ, supply its place, and fulfil its offices.

STIPULES.

291. These are leafy appendages situated at the base
of the leaf, or leaf-stalk. They usually occur in pairs, as
in the Cherry, fig. 1, and the Lentil, fig. 3, Plate X VIIL
In the Pansy, fig. 2, they are large and conspicuous,
appearing to form a portion of the proper foliage. They
often seem designed for the protection of the young
leaves, for when the leaves develope the stipules dis-
appear.

292. There is one fact in vegetation worth observing
and remembering, which is, that tender and growing
parts coming in contact are very apt to cohere, and thus
form irregular, and in some respects accidental, combi-
nations. This is particularly true of stipules; for their
various modifications appear to be chiefly owing to their
different modes or degrees of coherence with each other
and the adjoining parts. They are

(1) AoyaTr, when they cohere with the base of the
foot-stalk, as in the Strawberry and the Rose, fig. 6;

Dischidia, deseribe. Of what do its rootlets supply the want? What are
Stipules? How usually ocenr?. What fact worth remembering? Of what
particularly true? Varieties of the Stlpule. What processes may be con-
sidered stipnlar? How are the Stipules fn the Plane? Agrimony. When
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(?) InrTraroriscEous, in alternate-leaved plants
when both margins cohere, so as to form a sheath round
the stem, as in the Rhubarb. When stipules of this
form are short, dry and membranaceous, they are termed
ochrea, as in the Buckwheat tribe, one of which is repre
sented at fig. 7;

(3) INTERPETIOLAR, When they occupy the spaces on
each side of opposite leaves, as in fig. 11 ;

(4) SeixmsceyT, forming thorn-like processes, as in
the Rose-Acacia, fig. 5; and they are called

(5) Licurzs, in the Grasses, where they form certain
membranaceous, sheathing appendages peculiar to the
Order, as in the pointed proeess from the base of the
leaf at fig. 10.

293. The sheathing outgrowth from the base of the
petiole, in the Fennel tribe, may properly be considered
stipular, as in the Dill, fig. 4. The Low Cornel, fig. 8,
has a pair of small stipules, about mid-way, investing its
stalk. In the great Plane-tree, the cohering stipules
form one foliate body, situated opposite to the leaves,
which are alternate; and in the Agrimony, fig. 9, they
unite in the same manner, and surround the stem.

294. When leaves are furnished with stipules, they
are said to be StirunaTr; when they have none, Ex-
sTIPULATE., The smaller stipules of the leaflets in com-
pound leaves, are called StipELS.

295. Stipules sometimes, but rarely, develope buds
in their axils. They are subject to the same laws of
form and venation, and perform, in their degree, the
same offices as true leaves. They do not occur in every
plant; in many they are wanting; but they are quite
uniformly present in all plants of the same natural Order.

BRACTS.

296. These are certain modifications of the Leaf,
which, as they grow near the flower, are often ealled
Floral Leaves; and they seem to occupy an intermediate
rank between the Vegetative and Reproductive Organs
They are generally distinguished from the proper leaves
by a difference of form and color. They are frequently
of brilliant hues, and sometimes constitute the chief
beauty of the flower, as in the elegant Painted Cup of
our wet meadows, where the large pea-green braets, tipped
with the most vivid scarlet, eclipse and obsecure the small
inconspicuous flowers, and by a common observer would
be mistaken for the flower itself. The same is true of
the large white bracts that inclose a cluster of small

leaves are furnished with stipules, what are they? When not? What are
Bracts? What rank occupy? 1low distingulshed from true leaves? How
are they frequently? Instances, How in the Painted cup?
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General subject, Name each of the forms from fig. 1to & To whieh of
these may the character of the leaf-summit in fig, 10 be referred—fig. 18—fig.
9? What kind of appendage in fig. 11? Difference between figs. 4 and 5—1
and S—T7 and 8—8 and 8? What kind of leaf at fig. 14, and to what tribe of
plants does it belong—fig. 12—fig. 15? When a leaf has a curved and attenu-
ated point, what is it called—a sharp point—ending in a kind of bristie—with
a rounded notch—a sharp noteh—a blunt end—appearing as if cat off at th-
extremity ? Instaneces of each form.
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flowers, wholly void of beauty, in the Low Cornel, fig.
10, Plate XIX. In the Cornus Florida, a small tree of
the same family, and usually known by the name of Box-
wood, the four large white bracts are particularly beauti-
ful, and so delicately organized, as to appear, in a super-
ficial view-at least, as the real blossom; while in the
Calla, fig. 13, the large lily-white bract is the sole
adornment of that superb flower.

297. In the Lime-tree, fig. 8, the bract, which bears
the flowering stalk, is oval-lanceolate, and of a light yel-
lowish pea-green ; while the true leaf is ovate, or cordate,
and of a beautiful dark glossy color. The braets here
also constitute the chief beauty of the tree, for they have
all the effect of flowers, and last during the whole season.

298. The membranous scales of the Grume, which
inclose the spikelets in Grasses, are a peculiar form of the
bract; and the scales of the flower itself are properly so
termed. A spikelet is seen at fig. 4, and one more ex-
panded at fig. 5, showing the palez, or bracts that in-
close the single flower.

299. In the great natural Order of Composite,
which embraces the Compound Flowers of the older
Botanists, the heads are inclosed by leaflets, generally
numerous and narrow, which are also called bracts, as in
the Marigold, fig. 1. The scales of the ament, @, in the
Walnut, fig. 2, and in the Willow, fig. 3, are bracts, and
so are those of all amentaccous trees—a circumstance
that distinguishes them into a finely marked natural Order.

800. Otuer Forus.—The cluster of leaves at the
summit of the fruit in the Pine-apple, fig. 6; those which
inclose the umbels and nmbellets, in the Umbelliferse, fig.
7; the thin scales of the Hop, fig. 11; as well as the
bony and indurated ones of the Pine-cone, fig. 9, and the
Oak-cupule, fig. 12, are all different forms of the bract.
There is no abselute distinction between this organ and
the proper, leaf; and in their gradual transitions, they
sometimes offer good illustrations of the metamorphoses
that occur in plants, of which you will hear something at
another time,

CHAPTER XXI.
FUNCTIONS OF THE LEAF.

301. Tae first and most obvious use of leaves is that
of furnishing clothing to the plant, and thus protecting
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its more delicate organs from heat, cold, and other cxter
nal injuries. But in addition to this, the offices of the
Leaf are the most important and remarkable in nature.
The principal of these are, Absorption, Digestion, and
Exhalation.

302. AssorrTioN.—This is the distinctive function
of the Root; yet in plants which have no root, this office
is performed by the leaves, as in Epiphytes (159), or
often by the whole plant, as in the Mosses and the lowest
orders generally. That this power is also, to a greater
or less extent, a property of all leaves, may be shown by
several facts. In the first place, plants will languish in
a very dry atmosphere, even when their roots are copi-
ously supplied with water. Second, the leaves of trecs
and other plants, in times of drought, will revive sud-
denly after a shower, and that long before they could
receive water by transmission from the roots. Third,
when cuttings of plants are kept in vases, they will
retain their freshness much longer, if their whole sarface
is sprinkled occasionally with a plentiful shower of
water.

303. Leaves absorb chiefly by their under surface.
This is shown by the following simple experiment.
Place a number of detached leaves, of the same species,
in water, with different surfaces applied to the liquid;
and those which are placed with the upper surface down
will wilt much sooner than those with the under sur-
face down. Wood, in his excellent “ Classbook of Bo-
tany,” says that leaves of the White Mulberry, placed
with their upper surface in contact with water, faded in
six days; while those in the reversed position lasted as
many months. Leaves absorb gases from the air.

304. Dicestion.—This is a function precisely similar
to that of the animal economy. The crude sap having
reached the Leaf, traverscs the grcen substance known
as Chlorophylle, which, as has before been hinted, in con-
nection with the solar light, produces some very remark-
able chemical changes. The crude liquid, of which car-
bonie aeid gas and water are supposed to form the prin-
cipal portion, is decomposed; the carbon is retained, as
the chief basis of the vegetable structure, while the
liberated oxygen, and the superfluous water, are returned
to the air. -

305. By this process the crude sap is refined, and
is converted from its inorganic state to the material of
organism. This is one of the most wonderful results in

The Low Cornel. Calla. Lime-trce. What part are they in Grasses, in the
Composite—Amentaceous trees—Umbelliferse—Oak—Pine-Apple—Iop.

General subject. Most obvious Function of the Leaf. What others? To
what organ does Absorption particularly belong? How shown to exist in the
Leaf: What facts? By which surfaico do leaves chiefly absorb? Tlow

proved—what experiment? What do leaves absorb from the air? Vegetable
Digestion, what does it resemble? What suustance in the leaf doessap tra-
verse? What effect? ‘What snbstanees chiefly form the erude liquid? What
becomes of each ? Into whatis the crude sap converted? What wonderful
resnlt of Vegetablo Digestion ?
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Nature, and by Plants only is it accomplished. By
changing inorganic material into their own substance,
they convert it into food for men and animals. They
stand at the basis -of all Life, being, in fact, the only
Nourishers of the world; for men and animals only con-
sume what they so bountifully provide.

306. In the process of Vegetable Digestion, another
result, almost equally wonderful, is also accomplished;
for oxygen is liberated by means which Chemistry, as
yet, in vain attempts to imitate. Oxygen is the most
important atmospheric prineiple for the support of animal
life. Carbonic acid gas is the vital principle of the
atmosphere for the support of vegetable life; but at the
same time it is so deadly to animals, that if the air is
greatly infected by it, it becomes mnoxious. Plants
absorb this gas continually, giving in return free oxygen
gas—that vital element, without which not a single ani-
mal could live or breathe, being liberated in the very act
of vegetable digestion.  Thus one vital office is made to
counterbalance the other, and the whele is harmonized.
The respiration of animals, and other causes which infect
the atmosphere, give food to plants, which, by assimilat-
ting these crude and otherwise noxious substances, con-
vert them into organism ; and thus while they are puri-
fying the air, they are also elaborating nourishment and
support for the animal world. And these beautiful rela-
tions do the two great organic kingdoms ever maintain
with each other. Hach consumes only what the other
rejects, and furnishes what the other demands. Plants,
then, may be considered as the great providers or caterers
of the world. They are the only Producers; for the
whole animal world are only consumers of the nutritive
elements which they alone have power to elaborate.

307. ExmavraTioN is that process by which the super-
abundant or hurtful elements are thrown off. It is to
be distinguished from ¢vaporation, which depends solely
on the heat and condition of the atmosphere, and which,
as you have seen, is almost wholly restrained by the
epidermis of plants; and it has a strong analogy to
perspiration, in the animal system. Exhalation is
maintained chiefly, if not entirely, by the action of the
stomata; and as these are only open under the influence
of light, it follows that a plant can support this impertant
function only in the daytime, or in the presence of light.
These facts are shown in several ways. If, under the
influence of a bright sunshine, and a still, warm air, a
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cold plate of glass be held before the under surface of
any leaf whose exhaling power is great, as the Annual
Sunflower, or Hydrangea, it will soon be covered with
dew; but if held before the upper surface, it will remain
dry. The stomata, you will remember, are chiefly in the
lower surface of the leaf; and this shows that there is
an absolute connection between them and the property of
Exhalation, as also does the following. If the light be
suddenly excluded from an actively growing plant, exha-
lation will immediately cease; while the stomata, if ex-
amined directly on its readmission, will be found closed.

308. The amount of liquid exhaled by plants is
frequently enormous. By various experiments, it has
been shown that they often perspire from eight to sixteen
times as much as the same extent of surface in the human
body. A plucked leaf of the Sunflower, with its petiole
immersed in water, absorbed and exhaled ¢ts own weight
in six hours.

309. Exhalation by the leaves must always, in a
healthy state, maintain a certain proportion to the ab-
sorption of the roots. If the former exceed the latter,
there is a waste of vital power, and consequent exhaus-
tion. In the spring, before the leaves appear, and while
the roots are most vitally active, the absorption by far
exceeds exhalation, and the stem is gorged with sap,
which will flow readily from an incision. A large portion
of this is expended in the production of leaves, after
which a continuous supply is demanded to support the
growth of the plant. Then the two forces are nearly in
equilibrium. Later in the season the vitality of the
leaves is impaired, and in autumn they fall and perish.
But still the roots remain active for a time; and the
excess of nutriment, beyond what is required to maintain
a feeble circulation, is again accumulated in the system
for future supplies. This may be seen in the swelling of
buds during a period of warm weather late in winter.
And thus the processes of vegetable life go on, with their
continual round of changes, while acquisition, develop-
ment, growth and rest, are happily maintained.

310. RespmraTion.—This has been considered by
some authors as a function of the vegetable being. But
the whole process that has been so termed, must be re-
ferred back to that which has just been considered under
the head of Digestion.  The theory was founded chiefly
on the assumption that plants uniformly evelve carbonic
acid gas in the absence of light. This, in all cases of

What are the Nourishers of the world? What the consumers? What other
wonderful result? Next functlon, define. From what distinguished? What
analogy ? By whatmalotained? What effect of the epidermis? When is 1lx-
halation supported? Why ? Stomata. What effect of light? How shown? The

experiment, its philosophy. Liquid exhaled by plants—gnantity. Snn-flower.
To what should Exhalation always correspond? How is it in the spring
‘What becomes of the excess? How later in the season? Inautnmn., What does
swelling of buds show? Do plants respire ? On what was the theory founded



56 THE PETIOLE. Plate XVII

General subject. Define the word. How is the leaf in its absence ? Ilow g
is the organ at fig. 1—fig. 2—fig. 37 What great Order repregented in fig. 4,
and how is the petiole? Iow is it at fig. 6—flg. 5? Into what is the petiole
developed in figs. 8 and 9, and what plants do they distinguish? Describe the
peculiar habit in fig. 8—fig. 9. What peculiar form of the petiole in fig. 7?
‘What great tribe of plants does it mark—where found? What peculiar habit?
What does fig. 12 represent? Describe its structure, What pecnliarity in
ﬁz. 10? 10
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growing plants, must be very slight; for the amount of
growth in any plant may be correctly estimated by its
evolution of oxygen, and coxsumprioN of carbonic acid,
since only by these processes can it form the material of
its tissues. And that plants po grow in the night is
absolutely certain, as we see in the case of Mushrooms,
and many other plants; and by just so much as they
actually grow, they consume and appropriate carbon. The
textures, however, which are produced in the long-con-
tinued absence of light, differ, in wanting the firm consist-
ence and green color, from tissues which are formed under
its invigorating influence, as you may see in the familiar
fact of Potato sprouts growing in the cellar, the texture
of which is always white and spongy.

311, It is quite possible that when the stimuli of
heat and light in the solar rays, are withdrawn, the vital
powers being passive, the chemical forces assert-their
sway, and thus a partial decomposition of the forming
tissues occurs, in which case there would be necessarily
a slight evolution of carbonic acid gas, which is always a
result of decomposition.

312. But it is still more probable that the unappro-
priated carbon which has last been taken up, in the ab-
sence of light, and consequent relaxation of the system,
cannot be retained, and thus is permitted to escape. It
is not known that darkness has any effect on the absorp-
tion of carbon, and probably it has not. But it can, at
least, be said, that what has been termed Vegetable Respi-
ration is not, like that of the animal, established on uniform
laws, and essential to the life and health of the plant.

313. There is one remarkable difference between the
constitutions of the Vegetable and Animal, which has an
important bearing on this part of the subject. The ani-
mal tissues, in their whole substance, retain their vitality
after completion, and continue to Live during the life of
the animal. Hence, in order to repair the waste and
wear of vital action, the substance of these tissues must
be continually renewed by nutriment, deposited inter-
stitially through their whole substance; while the
worn-out particles which the new materials displace, are
consumed and thrown off in respiration, by means of
which a combustion and excretion of the decomposed
substances of the old fabric are constantly maintained.
Breathing, let it be here understood, is nothing but a
burning up and casting out of exhausted particles in the

ITow may the amount of growth in a plant be measured? What gas do
growing plants consume—what evolve—in what measure? How are plants
grown in the dark? What familiar example? What theory at 311? What
more probable? What may be said in regard to Vegetable Respiration? What
tissues retain their vitality after completion—what do not? How are the anl-
mal tissucs—bow depositcd—how consumed and thrown off—what effcets
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animal body. On the other hand, but a very small pro-
portion of the vegetable tissues is ever in a really living
state at any given time. They begin to lose their vitality
almost as soon as they are completed (33), and become
conerete substances.

314. There is, in the Vegetable constitution, nothing
like the decomposition and recomposition, which constitute
the fundamental law of life in the animal body. We con-
clude, then, by the analogy of Usk, which in the works
of the Supreme Intelligence everywhere prevails, that
there can be no such function as Respiration in the
Vegetable system, simply because there is no use for 1t,
nothing for it- to do; and more, there is no superfluous
material for it to act upon. It would be charging the
Creator with want of wisdom and economy, and at the
same time invelve an absurdity, to suppose that He
would set a piece of organism to work without reason, or
could sustain it without means.

DURATION OF LEAVES,

315. The different periods of fall in the leaf are dis-
tinguished by particular names. Leaves are

(1) Decipuous, when they last but one season, as in
most of our trees and shrubs;

(2) Fucacrous, when they fall very early, or before
other parts of the plant, as in Spiranthes; and

(3) PersistENT, when they remain through the
periodical drought of the tropics, and the cold season of
temperate climes, or until their loss is supplied by a new
growth, so that the tree is never without leaves, as in
Evergreens.

316. The leaves of deciduous trees are developed about
the same period, and they also perish nearly at the same
time. The leaves of Pines, Firs, and some other ever-
greens, are only partially renewed from year to year, by
the protrusion of a certain portion of new leaves, and
the fall of others, so that there are often on the tree at
the same time the leaves of from two to eight or ten
successive years. :

317. Decay axp Farn or teE Lpar.—It will be
remembered that in the progress of growth, the older
tissues often have their cells coated internally with for-
eign substances, which have been termed the Secondary
Deposit (38), and that thus their walls become greatly
thickened, and their vitality impaired.

318. There is a tendency in all living bodies to cast

produced ? Vegetable Tissues—explain the difference. Why may we suppose
that Plants do not Respire? Why skould they not? Why can they not?
Duration of Leaves—when they last one season—many seasons—fall very soon
How are the leaves of our forest treces—of Pines? Decay and Fall of the Leaf—
Secondary Deposit—what effect. What tendency in all living bodies ?
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off inert or dead matter, with a force proportioned to
their degree of vitality; or, in other words, Life, being
the positive and active prineiple, continually asserts its
power, by rejecting dead substances which are only pas-
sive and negative. Thus dead flesh is thrown off by the
animal body, in the uleeration of a sore; diseased bones
are rejected, and dead hair and teeth are cast off, in the
vital action of a new growth. Keeping this principle in
view, you will be better able to understand the exciting
cause of falling in the leaf, which is often only a kind of
sloughing, or casting off of worn-out garments.

319. Early in the season, often in the freshness of
the spring-tide leaf, there is a faint line to be traced
round the base of the petiole. This is caused by the
formation of a joint between the base of the leaf-stalk
and the stem, or branch, on which it stands; and as the
season advances, it becomes more strongly marked. In
a transverse layer of cells which follows this line, the
substance becomes decomposed by the vital action of the
forming articulation, which the Leaf, with its diminishing
vitality, cannot resist. And thus cell by cell it is cut
off, and finally drops to the ground. This may be seen
by examining the petiole of fallen leaves, which often
appear to be cut off as smoothly as if the operation were
performed with a sharp knife,

320. That the fall of the leaf is not caused by frost,
nor by the actual death of the leaf, and also that when
the leaf dies it will not necessarily fall, may be shown
by several facts. In the great Plane or Buttonwood tree,
the bud of the next year is formed within the leaf-stalk
of the present; and thus the fall of the leaf is caused
directly by its protrusion. The leaves of some species
often turn red, and sometimes fall, before the appearance
of frost; and when young leaves are killed by frost in
spring, they do not fall, but decay and wither on the
trees, because there are thenno articulations formed, and
no protruding buds to effect a separation. Palms, and
most Endogens, never exclude their old leaves, because
they are not articulated with the stem, as in those of
Exogens; and their remains continue hanging about the
tree long after the appearance of the new leaves, or until
they are corroded by the elements, and fall away by
atoms.  This is also, in some degree, true of the Beech
and Oak, their leaves often remaining through the win-
ter, and until they are pushed off by the expanding buds
in the spring.

ANALYTICAL CLASS-BOOK OF BOTANY.

CHAPTER XXII.
THE FOOD OF PLANTS.

321. THE elementary constituents of plants are of
two kinds, as you have already learned; namely, Orga-
nicand Inorg?inie. Carbon, hydrogen, oxygen and nitrogen,
which are termed the wniversal organic constituents of
plants, because they enter moro or less into all organism,
compose the first; and certain earthy or mineral matters,
the second. The completed tissue is made up of the three
first,nitrogen, or, asitis sometimescalled, azote, being intro-
duced only as an agent in the vital action of the cells,orasa
deposit in their granaries, but never fixed in the structure.
As these four elements are universal, it follows that the
distinguishing characteristics of plants must be traced to
the inorganic elements which enter into their composition;
and so it is.

322. Common Sources oF Foop.—Of the four ele
ments which enter into the composition and vital move-
ments of all plants, carbon constitutes from fifty to sixty
per cent. of the whole structure. This enormous amount,
which thus supplies and saturates all vegetative nature, is
drawn, either directly or indirectly, from the atmosphere.
Oxygen and hydrogen are furnished by rain-water; and
nitrogen is obtained chiefly in the form of ammonia.

323. Parricvrar Sources oF Foon.—But while the
organic elements have always maintained their due con-
sequence among scientific Botanists and Cultivators, the
importance of the Inorganic elements has not been ap-
preciated. These are chiefly composed of Potash, Soda,
Lime, Phosphoric Acid, Sulphuric Acid, Magnesia and
Silica, or sand. These, and some others, may be termed
the particular, or InpivipvaL CoxsTiTUENTS Of plants;
and they are drawn from the soil. To determine of what
kind, degree, and in what proportion, the inorganic ele-
ments are combined in any plant, we have only to ana-
lyze the ashes which it deposits in burning. Thus we
arrive at certain coneclusions, in regard to the kind and
degree of food that should be supplied ; for the inorganie
elements which, in a healthy or natural state, are taken
up into the tissues, should not only be present in the
soil to which the seed of any species is consigned, but
they should be present in precisely the same proportions
they have in the healthy plant.

324. Liebig, the great German Chemist, has made
many experiments in these mineral constituents of the

Instances. What may the fall of the leaf often be termed? How is the
leaf detached? Describe the operation. What facts show that the fall of the
leaf 13 not caused by frost, nor by death? How does the Plane reject its
leaves? Why do not Palms reject thelrs? How are the Beech and Qak?

General subject. Elementary constitucnts—of how many kinds? Name

the Organic clements—which are deposited in the structure—which is the vital
agent? What proportion of carbon—from what source—~oxygen and hydrogen—
nitrogen ¥ What class of elements have been neglected? Of what are thesg
chiefly composed—what termed—what analysis—for what purpose—what re-
sult? What should bo present in the soil? 'What great experimenter ?



Plate XVIIL STIP

General subject. Deflne the term. What is the normal or common condi-
tion? How is it at fig. 2—fig, 6—fig. 5: and what plants are represented ? Ilow
I8 it in the great Plane-tree—and what figare in the plate represents a stmilar
form? What are the stipules called in such plants as fig. 7—and what tribe 1s
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represented by the figure? How are they In the Grasses, fig. 10—in the Low
| Cornel, fig. 8—and in fig 11? What may the sheathing process In the Fenne.
tribe, fig. 4, be termed ? Which fignre represents the Lignle—Ochroa ?
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vegetable body, with a view of arriving at more just and
certain laws in agrieultural operations. He elasses cul-
tivated vegetables under four heads, namely :

(1) Aixarr Praxts, represented by Potatoes and
Beets;

(2) Live Pranws, represented by Clover and Peas;

(3) Sitex Prants, represented by the Grasses;

(4) Prosprorous Prants, represented by Wheat and
Rye.

325. But while the organic bases have been abun-
dantly supplied from the organic remains of which
manures are generally composed, and which constitute a
large portion of the rich, black earth known as humus,
or pure vegetable mould, little or no attention has been
given, to the necessary supply of proper material for
supporting the inorganic bases. Let cultivators who
now act too exclusively on the foreing system, set aside
the old idea, that it is the richness of the soil alome, or
chiefly, which will insure good crops. If this is so, why
do not bogs, which are exceedingly rich in humus, pro-
duce in abundance such plants as affect a moist soil ?
So far is this from being true, that bogs are very poor
in plants; and those they do produce are of the
coarsest kinds. If the water which sometimes covers
them did not wash away the inorganic elements, leaving
little else beside humus, they would produece abundantly
many of the plants which now are so rarely found among
them. This should teach us that we cannot, by any pro-
cess of manuring, convert one element into another. We
cannot change lime into soda, potash into sand, or humus
into either. 'We cannot make Potatoes, which want
potash, or Grasses that call for pure silex, submit to
accept of the richest mould as a substitute.

326. Let us, then, by a careful analysis, ascertain
the inorganic constituents of plants, and then provide
that every species shall have its proper mineral food pre-
sent in the soil, and ready to be appropriated. The
stalks of Grasses, and especially those of the Cereal
Grains, could not be formed with sufficient strength to
support the ripened head, without a proper quantity of
silez, however rich in other elements the soil may be;
nor could albumen and gluten, which give to Maize,
Wheat, and all the eereal grains, their chief value, be
elaborated without the presence of phosphoric acid ; and

IIls classification—Alkall plants—Lime plants—8ilex plants—Phosphorous
plants. Instances. What bases supplied from most manures? What other
bases Important—name of richk black monld—of what composed? Why do not
bogs produnce abundantly all plants that llke wet? What exchanges cannot be
made? What should be done? What required by grass stalks—what to form
albumen—what sugar, starch and cellulose—Iis the alkaline salt taken up by
them? What should ali plants bave? What analysis, and what ascertained by

ANALYTICAL CLASS-BOOK OF BOTANY.

although there is not a particle of alkaline salt in sugar
starch and cellulose, neither of them could be produced
without the presence of such salts. Thus all plants
should have a full supply of the mineral nutriment which
their constitution demands. By burning and analyzing
the ashes of a healthy plant, it ean be asccrtained pre-
cisely what elements are taken up, and therefore what
kinds, and in what proportion, should be supplied. This
explains the necessity of a rotation of crops; for the
whole secret consists in regulating the condition of the
soil to the demand of the erop, or the reverse, in adapt-
ting the crop to the soil.

327. The importance of the Inorganic elements may
be inferred from the fact, that more than one third of the
human body, by weight, consists of earthy matter. This
must be supplied chiefly through the vegetable portion of
its food; for since all animals have bones and teeth to
form for themselves, it follows that the mineral matter
contained in the vegetable substances on which they feed,
would not be deposited so liberally in the flesh, and,
therefore, that they can be obtained more abundantly
direct from the vegetable tissues, by which alone they are
directly transferred to organism. The inhabitants of
frigid climes are uniformly small, short, and altogether
deficient in the development of bone; and this may
doubtless be attributed to their poor supply of vegetable
food, and consequently of those substances that furnish
the most abundant and best material for the osseous
structure.

CHAPTER XXIIIL

INFLORESCENCE.

328. Havine now completed a review of the Vege-
tative Organs, we come to quite another and a very dif-
ferent class.  Yet, however unlike these may appear in
external form, texture and coloring, you will find that
they all have their origin in the Leaf. This organ is the
type of all those above it, from which they always depart,
and to which they sometimes return.

829. Still aseending from the Leaf upward, the next
thing that arrests the attention is the varied manmer in
which flowers are assembled on their stalks. This is
termed INFLORESCENCE.

it? Of what does it explain tho nccessity? In what does the wholo sccret
consist? Importanco of Inorganic elements--from what fact inferred? By
what food is the osscous structure chiclly nonrished—why not from animal
food? Inhabitants of the frigld zonc—why small frames ?

General subject. 'What other class of organs? In what do they orlginate?
In ascending from the leaf, what first arrests attention—what termed ?



INFLORESCENCE.

330. One of the component parts of Inflorescence is
the Flower-stalk, which is called a Pepuvcre. When
the peduncle is not present, the flower is said to be sessile.
This organ bears no leaves, or only Bracts.

331. Like the stem, of which it i a part, the peduncle
may be eithcy simple or branched. The axis of a com-
pound peduncle is called the Racmis, and may be seen in
the Lilac, Oat and Currant, figs. 8, 4 and 6, of Plate
XX. Its subdivisions are called PrpicrLs.

332. A Scarn is a flower-stalk that springs from a
subterranean stem, bearing no leaves, or only minute
bracts, as in the Dandelion, and many species of Violet.
Such plants were formerly called acaulescent, or sTEM-
LEsS, but no plant is now considered to be without a
stem.

333. SoriTARY INFLORESCENCE is that in which the
cluster is reduced to its simplest form, and contains but
one flower. This can happen only in two cases: first,
when a simple stem is terminated by a single flower, and
all further growth is consequently arrested, as in the
Dog-tooth Violet; and secondly, when but a single
flower is developed from each node, as in the Chick-Pea,
a native of Southern Europe.

334. In respect to the order of the evolution, In-
florescence is of two principal kinds—the CExTRIFUGAL, in
which the terminal flower is first unfolded, and the blos-
soming proceeds owtward, as in the Elder and Pink
tribes; and the CExTRIPETAL, when the outermost, or
lowest flower is first open, and the evolution proceeds
toward the centre, as in the Fennel and Cress tribes.
The first of these is called DETERMINATE INFLORESCENCE,
because the central flower stands in the place of the ter-
minal bud, and always terminates the axis of growth, as
m fig. 1; and the second is called InpETERMINATE IN-
FLORESCENCE, because it is entirely axillary, or each
flower procceds from an axil between the leaf and the
stem, and the primary axis is never terminated by a
flower, as in fig. 2. Somectimes both these modes are
combined in the same plant, as in the Aster, Burdock,
and the great Order Compositee generally, and, also in
the Mint tribe, to which the Lavender, Sage and Penny-
royal, belong. In the first, the inflorescence of the single
head is developed centripetally, while that of the whole
cluster proceeds centrifugally; that is, the outermost
flowers in the head expand first, and the blossoming pro-
ceeds inward, while the highest heads are first unfolded,

‘What component part—its name—when not present—what leaves does it
bear —axis of a compound peduncle—its divisions? Define Scape—Solitary
nflurescence. Two prineipal forms of Inflorescence. Define the Centripetal—
Centrifugal—which is termed Definite—which Indefinite? Why? How is
the primary axis in the Contrifugal mode—the Centripetal? Order of evolu-
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and the general evolution proceeds outward. In the
Mint family, this order is exaetly reversed; the inmost
flowers, and outermost or lowest clusters, always taking
the lead.

CENTRIPETAL INFLORESCENCE.

335. The principal varieties of this mode are the
Spike, Raceme, Corymb, Panicle, Ament, Spadix, Um-
bel, Head, and Thyrse.

336. Tur Srike is formed by the productlon of
numerous sessile flowers on an elongated rachis, as in the
Plantain, and the Darnell grass, fig. 9.

337. Tue RaceME is a spike with the flowers arranged
on pedicels, as in the Currant, fig. 6.

338. Tue Corymp has the same general law of
arrangement as the raceme, but the lower pedicels are
elongated, so to form a flat or flattish top, as in the Yar-
row, fig. 3.

839. Tue Pawicre is a loose, irregular cluster, com-
bining the characters of a corymb and raceme, and is, in
fact, a kind of branching spike, The Oat, fig. 4,is a
familiar and beautiful example.

340. A Tuyrse is a more compact arrangement of
the panicle, and generally has a somewhat ovate form, as
in the Grape and the Lilac, fig. 8.

341. When the inflorescence is compound, two or
more of these forms are combined ; and they are expressed
by a similar combination of terms, as, panicles ¢thyrsoid
—Racemes corymbose—Spikes panicled, and the like.
The species of Grass at fig. 7 has a compound inflorescence
of the latter form.

342. Ax AmexT, or CATkIN, is a spike with scssile
bracts interposed among its flowers,as in the Walnut
and Willow, figs. 2 and 7, Plate XXI. A large number
of our forest trees have this form of inflorescence.

343. Tue Spapix is a spike with a greatly thickened,
club-shaped rachis, surrounded by a single bract, called
a spathe, as in the Calla and Palm tribes. At fig. 9 is
seen the spadiz, with its two kinds of flowers, the fertile
ones being included in the lower whorls; and at fig. 10
the spadix is inclosed by its spathe, as in the American
(Calla.

344. Tur Unssl is formed when all the stalks radi-
ate from a common centre, like the rays of a star. If is
simple, when cach of the pedicels bears a single flower,
ag in the Milk-weed ; and compound, when each of the
flower stalks bears a smaller umbel, as in the Dill, fig, 5.

tion in the Composit®—in the Mint tribe. Formsof Centripetal Infiorescence.
Define each, with examples. Centrifugal forms—Define. Examples. Differ
ence between the Thyrse and Panicle, the Raceme and Spike, Fascicle and
Corymb, Cyme and Umbel.



62 BRACTS. Plate XIX.

General snbject. Deflne the term, Name each figure. IHow is the Bract
in the amentaceous trees—in the Sun-flower tribe—in the Fennel tribe—in the
Grasses? When the braets inclose many flowers what are they called? What
figures in the plate represent the Involucre, and to what tribes do they belong?
‘What eorresponds with the involnere in Grasses, and what are the parts that
Incloso the single flower? IIow are the bracts in fig. 6—fig. 8—fiz. 9? What
do they form in fig, 11—fig. 12? What peculiar form at fiz. 13? What are rep-

resented {n figs, 4 and 57 18



ORGANS OF REPRODUCTION.

345. A Heap (caprtulum) is a more or less globular
arrangement of the flowers, as in the Clover and the
Button-bush, fig. 4. Neither the primary nor secondary
axes are clongated in the head. This form of inflores-
cence is often surrounded by a cluster of bracts called
an involuere, as in the Marigold, fig. 1, which belongs to
the Order Compositee, embracing the Compound Flowers
of the old Botanists. Here we find a peculiar mode of
inflorescence.  The rachis is expanded into a broad dise,
called the Torus, or Receptacle, as may be seen in the
Dandelion, Aster, Thistle, or any of the flowers in this
numerous family.

THE CENTRIFUGAL FORM.

346. This iz generally to be distinguished by the
presence of a single flower at the termination of the
primary axis and its forked branches. The principal
forms of the Centrifugal mode of inflorescence are, the
Cyme, Fascicle, and Verticillaster.

347. Tue Cyue externally resembles an umbel in
the primary arrangement of its stalks, which all radiate
from a common centre, but differs from it in their gecon-
dary distribution, by which they are irregularly sub-
divided, the branches being repeatedly two or three
forked, the whole forming a level, or nearly level top, as
in the Elder, which, however, is not very well represented
in fig. 8.

348. Tur FascicLe is an arrangement of the Corymb,
in which the flowers are crowded or bundled together, as
in the Sweet William, fig. 3.

349. Tue VERTICILLASTER is the inflorescence of the
Mint tribe; and though often called a whorl, it is not
80, since the flowers do not actually surround the stem,
but occupy opposite points in the axils of each pair of
leaves. The only true verticil, or real whorl of flowers,
is found in plants with whorled leaves, as the Water-
Milfoil. The verticillaster is seen at fig. 6.

350. BracTeoLES are the smaller bracts often found
on the branches of the inflorescence; but though it is
often necessary to distinguish between these and those
that grow at the basis of the primary branches, there is
no absolute distinction between them, other than that of
position.

63
CHAPTER XXIV.

ORGANS OF REPRODUCTION.

351. A TypicaL, or complete flower, consists of the
Essential Organs, or the STampxs and PisTiis, and their
Exvevores. The first are called Essential organs, be-
cause they are NEVER WANTING, as no flower can be per-
fected without them ; and the last, in their normal state,
consist of two sets of leaves, remarkably different from
each other in form, color, and texture. The Floral
Envelopes are, therefore, exterior to the stamens and
pistils, which in the bud they inclose, and after expan-
sion, shelter and protect. These are generally of two
kinds, occupying two distinct circles, one of which is
above or interior to the other. The lowest or outermost
of these is called the Cavyx; the upper, or inmost, the
CororLra. But when only one whorl is present, it is
classed among calyx forms, whatever may be its charac-
ter, and is then usually termed a PeriaNTH (around the
flower). The parts or divisions of the Calyx are termed
SEpaLs; those of the Corolla, PETALs,

352. Occupying the next circles within the corolla,
come the Stanexs, or FertiLiZING ORGANS.

353. Tue Pistins, one or more, stand in the centre
of the flower, and thus terminate its axis of growth.
They" are inclosed by the stamens, and are called the
FErTILE, or SEED-BEARING ORGANS.

354. A CompreTeE Frower, then, consists of these
four whorls—the Calyx, the Corolla, the Stamens, and
the Pistils; and they all, either directly or indirectly,
are scated on the Torus out of which they grow.

355. Such is the structure of a complete flower; but
from this type there are many variations, the most im-
portant of which is the separation of the stamens ,and
pistils, which sometimes grow in separate flowers. In
the Hickory, fig. 2, the staminate flowers occupy the
ament a, and the solitary pistillate flower is seen in the
little nutlike body, with its small clusters of transformed
leaves, near the summit of the branch. At other times
they are still more widely separated, occupying not only
different flowers, but distinet plants, as in the Poplar,
Fig, Palm, and Willow trees. The symmetry of the
flower is also frequently destroyed by the abortion or
suppression of some of its parts or whorls. This often
happens with the calyx and corolla.

Spike and Ament? Describe the inflorescence of the Compositee. What
were the plants of this Order termed by the old Botanists? Tow is the pachis
in this tribe—its name?

General subject. Of what does the Complete Fiower consist? How many
Floral Envelopes? Are they essential? What is the lowest or outermost
whorl named—tho next? Namo the next circle within the Corolla——the next.

Which is the central whori? Which of all these groups are essentlal? Define
stamens——their position and office—Pistils. Most important variation from
this type—how caused? How are the stamens and pistils in the Hickory tribe
—in the Palm tribe? How many whorls of Floral Envelopes in the typical
flower ? When but ono whorl is present, what is it called? How many whorls
in all? Name and defina their true order.
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General snbject, Define the word. Name of the eommon peduncle—its
sub-divisions, What two principal forms of Inflorescence represented in figs.
1and 2? Iow does the evolution of flowers proeced in fig. 1—what gynonym
is sometimes used—for what reason? In fig. 2—1is this Centripetal or Centri-
fogal? Why? To which of the two principal forms do the remaining figures
iu the plate belong? What difference hetween figs. 4 and 8—6 and 97 What
form of inflorescenco in fig, 7?




ORGANS OF REPRODUCTION.

356. All these floral organs, unlike as they are to
each other, and to the common Leaf of the plant, are yet
only varied transformations of that organ. That they
are really transformed leaves, is clearly shown by seve-
ral well-known facts. The transition from common
leaves to sepals is generally very clear; while that from
the sepals to petals is, in many flowers, equally obvious,
and especially in those where there is a colored perianth,
as in the Tulip, and others of the Lily tribe; certain
parts of the divisions being almost always marked with
the green color and texture of the calyx, while the re-
mainder exhibit the brilliant colors and finer texture of
the corolla.

357. By excessive ‘nutriment in cultivation, and
other unnatural stimuli, the stamens, and often the
pistils, are changed to petals, producing what are called
pousLe flowers. The Rose, Hollyhock, Peony and
Dabhlia, are familiar instances; and in these flowers you
may often see the various stages of transition; for you
will always observe, as you approach the centre of the
flower, that the petals become narrower, and exhibit
various foldings, until, by almost imperceptible changes,
they pass into the stamens and pistils. Thus you will
find by observation, that mefamorphoses, or interchange
of forms are of frequent occurrence in the Floral world.

358. The most common of these transformations is
that of the stamens and pistils into petals. But not
unfrequently the order is reversed, and the transformed
organs show a more decided inclination to revert to their
primitive type. The Rose sometimes produces a second
bud from the bosom of its flower. The Mourning Bride
often exhibits like deformities, putting forth from its
expanded blossom a stalk, with the flower and all its
parts, though not often colored like the first. The pro-
duction of a leafy branch is not very uncommon in the
flowers of the Apple and Pear; and even the rrurr of
the latter, when the transformation had reached its last
remove, has manifested a sudden resolution to return to
the original type, in the production of a leafy branch from
its summit. In all these cases, there is an obvious effort
to continue the axis of growth. The flower of the Clover,
and some other plants, will put forth green leaves from
its petals; and in the Double-flowering Cherry, the pistils
often revert to leaves. But these changes are innumer
able. Enough hasbeen said to show that there is no
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absolute line of distinction between their elementary
conditions, since they must have one common origin, or
they would not, and could not, all revert to one common
type.

359. Nothing, perhaps, has ever impressed the young
student with a higher degree of wonder than the continual
occurrence of the same number in any particular part of
a flower. Thus, if any given flower has five, or ten, or
four stamens, millions of individuals of the same
species, almost as a matter of certainty, will have the
same. We go on, finding yet more complex principles
of arrangement, exhibiting a mathematical uniformity;
and thus we are led to seek for raws, to which external
facts must be subservient. Finding so general a uniformity
of numbers in the same parts of a flower, we begin to
compare the different parts; and here, although they
are not often perfectly uniform, yet there is always a
determination to certain numbers; and this fact points
to a perfect type, which may have been disturbed by
some accident, and, by a recurrence of the same circum-
stances, has been inherited, or perpetuated in the species.
There is a certain symmetry often observed in flowers,
when their several whorls present the same numbers, or
multiples of the same, as in the Flax, which has five
sepals, five petals, five stamens—with the rudiments of
five undeveloped ones—five pistils; and its seed-vessel is
five celled. But there are several causes which disturb
this symmetry, so that in very few cases the relation of
number is complete. The principal of these are Abor
tion, Suppression, Coalescence, Adnation, Chorisis, Regu-
lar Multiplication, and Irregularity of Form.

360. ABortIoN is the imperfect development of any
part, as in the sterile stamens of the Parnassia.

361. SupprEssION i8 the entire absence of any part;
as in the nondevelopment of the fifth stamen in the Fig-
wort tribe.

362. CoALEscENCE is the union of parts in the same
whorl, as that of the stamens in the Pea and Sun-flower
tribes.

363. Ap~ariox is the union of parts of different
whorls. It gives the appearance of one organ growing
out of another, instead of its normal basis the receptacle,
as when the stamens appear inserted on the corolla, or
growing out of the pistil, or the calyx is adherent to the
corolla. When all the several whorls occupy their true

Of what are all these organs transformations? Most common of these.
fIow are the essential Organs in pounLE rLowers? Describe the transitions,
and give examples, What of common occurrence? Which are the Essential
Organs? Why so called? Instances of reversed transformation. What effort
does all this Indicate—what does 1t show ? Why? What gl{rcs an impression
of wonder? What do we go on finding—what led to seek—what in.the same

¢

parts—what compare? What general laws of symmetry observed? Instance
of complete symmetry. Isthis common? Principal causes that disturb sym-
metry. Dcfine Abortion, Suppression, Coalescence, Adnation, Chorisis, Regu-
lar Muitiplication, Irregularity of Form. Difference between Adnation and
Coalescence—Abortion and Suppression. When are the stamens and pistils
generally regunlar and symmuotrical ?
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INFLORESCENCE.

General subject. Name each figure. Where are the staminate flowers in
fig. 2—the pistillate flower ? Difference between figs. 5 and 82 What kind of
inflorescence at figs. 9 and 10? Is there any perfect verticil in this plate?
‘What is the arrangement at fig. 6? What two Forms ef the Iead—and in
what plants? Is the Umbel at fig. 5 simple, er compound? What are its snb-
divisions called? What arrangement at fig. 11? Which of these figures de-
velope their flowers centripetally—which centrifugaliy ?
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THE FLORAL

places on the receptacle, the calyx is below, or outside of
the corolla, the corolla of the stamens, and the stamens
of the pistils. The floral organs are then said to be
FREE, in opposition to that state where their insertion is
obscured by the adhesion of two or more whorls.

364. CHorisis is an irregular multiplication produced
by a diwvision of parts, as in the order Crucifers, where
each of the external pair of stamens is supposed to be
formed by the division of one.

365. ReeuLar MuvrrirLicaTION is the production of
two or more whorls in the place of one, as in the Pond-
Lily and Magnolia tribe, where the petals are thus mul-
tiplied, and in the Rose and Crow-foot tribes, where the
stamens and pistils occupy several whorls.

366. IrrmGuLARITY OF FoRM occurs when the parts
of the same whorl are wnequally developed, as in the
corolla of the Violet and the Pea, and the stamens of the
Cress tribe. If the perianth is regular, the stamens are
generally regular and symmetrical; but they have a
strong determination to be unsymmetrical when the floral
envelopes are so.

367. When both whorls are present, the floral enve-
lopes almost always, and the stamens generally, preserve
their true numerical relations; but proceeding inward,
the floral whorls have less and . less room for expansion,
until in the pistils, or central whorl, the base often he-
comes contracted to a mere point; and thus the several
members are either fairly crowded out of place, or the
adjacent parts coalesce, and form a single, or perhaps a
double organ, in the place of several.

368. A flower whose parts are in twos, or multiples
of two, is called Dmmerous, threes, Trimerous, fours,
TeTrRAMEROUS, and fives, PExTaMEROUS. The first num-
ber is rare. Monocotyledonous flowers are almost al-
ways -trimerous ; and a large proportion of the Dicoty-
ledonous are pentamerous. The whorls of the latter are
less frequently in fours, and seldom in twos. As a gene-
ral thing the number threc marks the divisions of the
first, and five and four of the last.

369. A SymmrrrIicAL Frower is one whose whorls
correspond in regard to number.

370. A Rucurar Frower is one whose parts corre-
spond in size and form.

371. A Coxrrere FLowER consists of the Essential
Organs and their two regular whorls of Envelopes.

‘Which whorls usually preserve their symmetry ? In what direction does
symmetry deellne? Why? What is a flower in twos—in threes—in fonrs—
in fives? 'Which of these is rare? Which most common? Whieh distinguish
Endogens—Exogens. Defino a 8ymmetrical Flower—Regular—Irregular—Bar-
ren—Fertilo— Perfect. Iow when Polygamons?
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ENVELOPES.

872. Ax INFERTILE OR BARREN FLOWER is one that
contains only stamens.

373. A FrrriLe Frower is one that contains only
pistils.

374. A Prrrrcr FLower is one that containg both
stamens and pistils.

375. The flowers are Poryaamous when they consist
of Barren, Fertile, and Perfect flowers, mingled promis-
cuously.

CHAPTER XXV.
THE FLORAL ENVELOPES.

376. * PrErLorATION is the manner in which a flower
lies folded in the bud. The same terms which are used
to express Prefoliation will, in a general sense, apply to
the structure of the flower-bud. The principal forms of
Prefloration are the Imbricate, the Convolute, and the
Valvular.

377. When the floral leaves lap over each other in
the bud, like shingles on a house-roof, the prefloration is
said to be Imbricated ; and the same term is applied to
other parts. In the diagram, fig. 1. Plate XXTIIL., this
form is shown, the divisions being arranged in a spiral
line from 1 to 5. This, however, is not the most com-
mon arrangement ; for when the parts are in fives, as in
the Rose and Apple, there will be two outer and two
inner, while the fifth division is exterior by one edge,
and interior at the other. Another form of the imbri-
cated prefloration is seen in flowers with four parts,
when the two opposite divisions will be external, as in
fig. 2. At fig. 3 the prefloration is such as occurs in
flowers like that of the Pea, and is called Vexillary; 1
and 2 are the wings, or side petals, 4 the banner, or
large upper petal which becomes external, and 3 and 5
parts of the keel, or lower petal.

378. Tar CoxvoLure PREFLORATION appears to be
caused by the twisting of the several parts on their axis,
one edge being directed obliquely inward, while the other
overlaps its successor, as in the diagram, fig. 4. A va-
riety of this form occurs in Monopetalous corollas, as in
the Morning-Glory, which is not only twisted, but plaited
in the bud. Such prefloration is SurErvoLUTE.

* Zistivation is the term generally nsed to oxpress the folding of the Flower
in its bud, and Vernation that of the Leaf; but I prefer Prefioration and Prefo-
liation, as being truer to the facts, since Leaf-buds do not belong exclusively to
spring, nor Flower-buds to summer.

General subject. Define the term. What synonyms generally used?
‘What corresponding terms may be applied? Three prineipal forms. Define
Imbricated—other forms. Name the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>