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FRONTISPIECE. I, cell of fleshy scale of bulb of onion (Allium Cepa) showing cyto-
plasm, nucleus and large central vacuole.

Chloroplasts: 2, a parenchyma cell of green fruit of garden pepper (Capsicum annuum)
showing cytoplasm, nucleus and chloroplasts; za, a chloroplast of a moss (Funaria) showing
green granules, assimilation starch grains and protein granules; 2b, a cell near the periphery
of the pseudo-bulb of the orchid (Phaius grandifolius) showing cytoplasm and three reserve
starch grains formed by leucoplasts, which latter under the influence of light have developed
into chloroplasts.

Chromoplasts: 3, a parenchyma cell of ripe fruit of Capsicum annuum showing cyto-
plasm, nucleus and yellowish-red chromoplasts; 3a, isolated chromoplasts of carrot (Daucus
Carota).

4. transverse section of petal of wild pansy (Viola tricolor) showing colored cell-sap in

epidermal cells.
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PREFACE.

THERE are quite a number of books on botany, many of which serve
a very excellent purpose. For the most part, however, they are not adapted
for the use of students in the applied sciences where the knowledge of
botany is to be utilized later in practical work. It is now more than sixty
years since Schleiden showed the value of the microscope in the examina-
tion of drugs and Schacht demonstrated its usefulness in the study of
textile fibers. Since that time quite a number of works have been pub-
lished dealing with the microscopy of special technical products, as drugs,
foods, fibers, woods, etc., but there have been no text-books which could
be employed in the courses on applied and economic botany that would
satisfy either the desires of the student or fit the graduate for practical work
in commercial life. It is not generally appreciated that there is a depart-
ment of applied botany which is distinct from every other phase of botani-
cal study; the point of view and the technique being peculiarly its own and
the problems so intricate and important that they should ever be held be-
fore the student and command his constant attention. It is almost self-
evident that courses in botany which are intended for intellectual culture
or scientific discipline are not adapted for technical courses of instruction.
In the latter the student has a right to ask for the application of the in-
struction which he is receiving and to show an interest in proportion as the
instructor is able to demonsirate its value. There are some who consider
that a more or less superficial knowledge of botanical principles and micro-
scopic technique is sufficient for the student in applied or economic botany.
On the contrary, we find that a rather extended knowledge of botany and
a very thorough preparation in certain phases of botanical work are
absolutely required in order to prepare him to meet and solve the many
problems that arise in the commercial world. Many of the commercial
problems that are held to be chemical and which are handed to the chem-
ist for solution are, as a matter of fact, of a botanical character and can
be solved with less expense and less time by the trained botanist. What
is really needed is the trained analyst, who, while proficient with chemical
methods, is also thoroughly versed in microscopic technique. We have
come to a time, if real progress is to be made both in the manufacture of
plant materials and in the examination of commercial substances, that it
is necessary to bring both chemical and botanical training and knowledge
to bear upon the problems involved.

Nearly all of the problems upon which one is liable to be consulted in
active practice, whether they involve new processes of manufacture or
the examination of the finished market material, show at the outset that
the analyst must have a very thorough knowledge of the cell constituents
and the tissues composing the raw material. Tt is for this reason that
almost one-half of the material of this volume is devoted to the study of
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cell-contents, forms of cells, and the outer and inner morphology of higher
plants. The facts and illustrations here presented cover not only the latest
researches on their morphology, origin, and distribution, but also the
most recent advances in regard to their chemical nature. A fair amount
of this work is original, and the presentation in one volume, it is hoped,
will be appreciated in addition also by students of the plant cell as well
as the phyto-chemist.

In the practical examination of the crude materials of the market we
find more or less contamination with fungi, lichens, and other lower plants,
and for this reason, as well as for the understanding of the morphology of
the higher plants, a more or less succinct treatment of the Principal Groups
of Plants is given in Chapter I. Another reason which has prompted the
author to lay considerable stress on the knowledge contained in this chap-
ter is that if the student will master the technique and will apply himself
to this part of the work, he will be better prepared to take up the study
of the structures of higher plants.

The chapter on Classification of Higher Plants is quite extended and
illustrated with a large number of photographs, showing not only many
of our interesting wild plants but the principal economic plants that are
used as foods, drugs, and for other economic purposes, with considerable
valuable technical information concerning them. The chapter on Nomen-
clature has been included in order that the derivations of botanical names
might be better understood and their correct spelling facilitated. The
chapter on Cultivation of Medicinal Plants, while especially prepared for
those interested in the subject, will be found useful to those interested in
other industries where the extermination of native plants is calling attention
to practical means for their replenishment. The chapter on Microscopic
Technique contains methods for the preparation of commercial materials
and much information that doubtless will facilitate practical work. The
index contains some 6,000 titles, making the information contained in this
volume readily accessible.

The work is illustrated throughout, and the legends accompanying the
illustrations will be found interesting and instructive and in most instances
supplement the information given in the text. All of the illustrations which
are not reproductions of photographs and drawings made by the author
are duly credited. The author acknowledges the valuable services rendered
by his associates in the preparation of the text, reading of proof, and prep-
aration of the index; to Professor Wallace Truesdell for assistance in
the chapter on Botanical Nomenclature and to Mr. Stewardson Brown for
the use of a number of photographs. When larger monographs and
authoritative works have been consulted, due credit has been given in the
text, so that the present work is a foundation not only of a text-book for
students of applied and economic botany but as a reference book for manu-
facturers and analysts.

NOVEMBER, 1014. H: K.
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BOTANY

CHAPTER 1
PRINCIPAL GROUPS OF PLANTS

INTRODUCTORY

THERE are four main lines of botanical work now recognized,
—namely, Morphology, Histology, Physiology, and Ecology.
MorrioLocy treats of the form and structure of plants and the
subject is sometimes divided into (1) external morphology or
organography and (2) internal morphology or anatomy (histol-
ogy ). The former deals with external characters of plant parts and
the latter with their minute inner structure. PHysioLoGy may be
defined as the study which considers life processes and the condi-
tions which influence these. Ecorocy is the study of the adapta-
tion of plants and their parts to external conditions. It is impor-
tant to bear in mind, however, that these several departments
are more or less interdependent, and that one of them cannot be
intelligently studied without a cousideration of the problems of
the others. TFor instance, as Goebel states, we cannot under-
stand the relation of the .external forms of organs without refer-
ence to their functions. In other words, form and function have
a direct relation; one influences the other. So, too, in the study
of ecology we study the influence of external conditions on
plants and these, as indicated above, have a direct influence on
physiological processes, and thus the study of ecology merges
into the study of physiology on the one hand and into morphology
on the other.
While this book will deal chiefly with the structure of plants
and their parts, still it will be necessary occasionally to refer to
“some of the characters of plants which properly belong to other
departments of botanical study.

5 Basis of Plant Structure.—In order to understand the sig-
" nificance and relation of the various parts of plants it is necessary
I
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to know something of their functions and habits of life as well
as of their internal structure. It is desirable at this point to give a
brief consideration to the cell, as it is the unit of plant structure.

If we make a section of a plant and examine it by means of
the microscope, the cut surface presents the appearance of a
network, indicating that the tissue is made up of small compart-
ments or chambers. One of these compartments together with
its contents constitutes the structure known as the CELL (see
Frontispiece).

The cell-contents vary greatly in appearance and composi-
tion, but in all active or living cells there is always present the
substance known as ProTopLAsM. The protoplasm is the basis
of all plant structures whether they belong to the lowest or high-
est forms; for by its aid or from it all parts of the plant are
developed. Even the cell-wall is a product of protoplasmic activity.
The protoplasmic content of the cell consists of several intimately
related but more or less distinct portions,—namely, a somewhat
thin, semi-liquid, granular portion known as the cyToPLASM ;
a more or less spherical body embedded in the cytoplasm called
the NucLeus; and frequently, but not always, certain small
bodies which are more or less variable in shape called PLASTIDS,
these being also embedded in the cytoplasm (see Frontispiece).
The cytoplasm and nucleus are sometimes considered together
as a unit, which is known as the proTorLAST. A fuller discussion
of the differentiated portions of the protoplasm will be found in
Chapter II.

The lowest organisms, as the slime molds, do not have an
enclosing membrane, but consist of a naked mass of protoplasm.
With this exception plants have an outer wall or membrane.
They may consist of a single cell, as in the Bacteria, or a chain
of cells, as in the filamentous Algz, or a mass of cells, as in the
majority of plants, and are accordingly designated as unicellular
or multicellular. The cell-wall is composed for the most part
of cellulose, but may be modified in various ways.

Nomenclature.—The names for describing plants have been
derived for the most part from studies of the higher plants, they
having exclusively attracted the attention of botanists at first.
But with the light which has been thrown on the relationship
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of the higher and lower groups of plants by the more recent
study of the lower forms the older terminology has been somewhat
modified. Thus, for example, we speak of the root and shoot,
with its leaves, as the vegetative organs of the higher plants,
and in describing the corresponding organs (where they exist) in
the lower plants, we either apply these terms directly, or indi-
rectly by saying that the latter are root-like, stem-like, etc. On
the other hand, we now speak of the sexual organs of the higher
plants as antheridia and odgonia (or archegonia) instead of
classifying them roughly as stamens and pistils, the latter names
being retained but with a different signification.

Plant Organs.—Depending upon the fact that the plant re-
quires nourishment for its growth and development and that it
has also to carry on the work of reproduction or propagation,
—i.e., the production of new plants,—we distinguish between
vegetative or nutritive organs and propagative or reproductive
organs. The vegetative organs, such as the root, stem and leaves
in higher plants, manufacture the food necessary for the life of
the plant, while certain other more or less specialized organs or
cells carry on the work of reproduction.

In the lower plants, however, the whole structure is much
simpler, and in some instances a cell which performs the work
of a nutritive cell at one stage may become a reproductive cell
at another, or, as in the case of the unicellular Alge, all the
various functions of the plant may be carried on by a single cell.

Generally speaking, there are two principal ways in which
plants are multiplied or reproduced: (1) By CELL p1visioxN or cell
fission, and (2) by the formation of special cells known as
spores. In cell division (Fig. 85) the nucleus and cytoplasm of
a cell divide to form two new cells or protoplasts, which become
distinct by the formation of a wall or cell-plate between the two
halves. All growth in plants is dependent upon this method,
and in growing parts the cells are said to be in a state of division.
Owing to the plasticity of the plant organism, detached portions
will often grow and give rise to new plants, as in the case of cut-
tings. Growth here as in the parent plant is accompanied by cell
division. In some of the lower Alge (Iig. 10) cell division is the
only method of propagation, and as only the ordinary vegetative or
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nutritive cells of the plant are involved in the process it is some-
times spoken of as vegetative multiplication.

In both lower and higher plants, with the exceptions just
noted, reproduction is also carried on by means of spores.

FIG. 5. Ulothrix zonata. A, young filament with rhizoid cell (r); B, piece of filament
showing escape of swarm spores; C, a swarm spore or zodspore with 4 cilia; D, biciliate
gametes escaping from a filament; E, F, G, showing different stages of union of two gametes;
H, young zygote or zygospore in which the cilia have been absorbed; J, 1-celled plant
developed from zygote; K, young plant organizing zoéspores.—After Dodel-Port.

Depending upon their origin two classes of spores are distin-
guished, namely, (a) asexual spores, and (b) sexual spores. In
,the production of asexual spores the contents of a certain cell
called a mother cell or sPoraNGIUM break up into a number of
new cells sometimes called daughter cells, which escape through
the cell-wall. In the lower plants, particularly those growing
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in water or in moist places, these cells are provided with short
thread-like appendages known as cilia, which enable them to
move-about in the water. They are known as ZoOSPORES or swarm
spores (Fig. 5, B, C), and each individual zodspore is able tc
produce a new plant.

The number of zobspores formed in a sporangium is usually
2 to 8, as in Ulothrix, but the number may be larger. The method
of cell formation which gives rise to zoOspores is sometimes
spoken of as INTERNAL DIVISION from the fact that they arise
within the old cell and retain no relation to the old wall as is the
case in cell fission. The zoOspores are at first naked protoplasts,
but later, on coming to rest, may form a wall. Sexual spores, on
the other hand, are formed by the union of two cells known as
GAMETES. When the gametes are similar the resulting spore is
known as a zvGospore or zygote (Fig. 5, E, F, G). When the
gametes are unlike, the spore produced by their union is known
as an o0sPORE. In the latter case one of the gametes is larger
than the other, is less active, and is spoken of as the female
gamete, oosphere, or egg (Figs. 12, 21). The other more active
cell is known as the male gamete, antherozoid or sperm (Fig.
51, III). The cell giving rise to the odsphere is known as the
oogonium (Figs. 12, 21), while the one in which the anthero-
zoid or sperm originates is called the antheridium (Tigs. 12, 21,
22, 51).

PLANT GROUPS.

Until a comparatively recent time, botanists divided the plant
kingdom into two large groups, as follows:

The flowering plants, or Phanerogams, meaning “ reproductive
process evident,” so applied because the reproduction of the plant
was readily seen to develop in the flower through the agency of
the pistil and stamens.

The non-flowering plants, or Cryptogams, meaning “ repro-
ductive process concealed,” so applied to the lower plants like
the ferns, mosses, sea-weeds, etc., because in these plants the
method of reproduction was not known.

Now, however, after a considerable amount of study, it has
been learned that a great many of the lower plants have repro-
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ductive organs which are analogous, even if they are not exactly
similar, to those of the flowering plants. Consequently the former
classification is no longer applicable, and the following arrange-
ment is now generally adopted:

Thallophytes ... ... {Algae. :
Fungi
Archegoniates ...... { B ryqphytes
; Pteridophytes.
Spermophytes ...... { Gymnosperms
Angiosperms

In our study of these groups we shall see that in passing
from the Thallophytes through the various groups to the Angio-
sperms we pass from very simple forms to those which are quite
complex.

THALLOPHYTES.

General Characteristics.—This group comprises those plants
which are simplest in form'and structure. They are supposed
also to represent more or less primitive types. In these the plant
body does not show a differentiation into root, stem, and leaf,
as in the higher plants, and is termed a thallus, the word thallus
meaning a " mass’ of cells. The cells making up a thallus are
all alike and are not differentiated for special functions. How-
ever, it must not be thought that every Thallophyte is charac-
terized in this way. Many of the Thallophytes have cells or
groups of cells which become specialized, i.e., set apart for a
particular function, as for example the reproductive cells. We
see, therefore, that the word Thallophyte is a general term and
is applied to many plants which are not thallus-bearing, but
which are really closely related to the simpler forms to which
the word Thallophyte is strictly applicable. When made up of
a mass of cells they may branch in various ways, but the essential
structure remains more or less uniform throughout.

The Thallophytes vary in size and general appearance from
minute, unicellular organisms to those which are filamentous
and delicately branched, and even becoming leaf-like structures,
attaining a length in some of the marine algz of a thousand feet
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and even more. Some of these are more or less complicated in
structure.

The Thallophytes are subd1v1ded into two important groups,
as follows:

The Alge, plants producing chlorophyll or green cell-contents,
and hence capable of manufacturing food from the inorganic
substances air and water.

The Fungi, plants not producing chlorophyll, and hence not
capable of forming their own food, but living upon dead or
living matter.

Before considering the Alga proper we will consider two
groups which are very simple in structure and whose method of
reproduction as well as life history is also very simple; namely,
the Blue-green Alga and the Dacteria. The Blue-green Alge are
ordinarily classified with the Algwe, and the DBacteria are very
often grouped with the Fungi. Owing to certain resemblances
between these two groups it is convenient to arrange them to-
gether under the name Schizophytes, or fission plants.

SCHIZOPHYTES.

Characteristics.—The name Schizophyta means “fission
plants,” and is applied to this group because the reproduction is
chiefly by means of the division of the cells, which may occur
either at the middle of the cell and in one direction, in which
case a series of connected cells are formed, or in two or three
directions, giving rise to spherical aggregates or colonies. They
do not usually contain chromatophores, and the coloring sub-
stance, when present, is either uniformly distributed throughout
the cell or occurs on the external surface of the protoplasmic
content.

There are two chief groups: the one corresponds to Alge,
and, while they do not contain a simple green substance, they are
for the most part of a blue-green color, although they may assume
various shades of orange, yellow, and brown, even appearing
chocolate or purplish-red at times. The second group, correspond-
ing to the Fungi, comprises the Bacteria or Schizomycetes, which
are distinguished for the most part by being nearly colorless and
only occasionally of a reddish or green color.
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SCHIZOPHYCEZE, OR FISSION ALGA.—This group of
plants, also known as Cyanophycez or Blue-green Alge (Fig. 6),
are generally found in more or less stagnant water and are charac-
terized by having associated with the chlorophyll a definite blue-
green principle known as phycocyanin. However, many of these
Algz contain other pigments in such quantity as to give them dis-
tinct colors much like those found in the red and brown Alge, such
as Trichodesmium, a filamentous Alga giving the Red Sea its char-
acteristic appearance. Some of these live at the highest tempera-
ture known to support life ; some developing, as Gloeocapsa, on the
sides of the geysers in the Yellowstone Park. These forms have
very wide habits, some living, as Stigonema, in symbiosis with
fungi; some, as Nostoc, are endophytic in habit, living in the de-
pressions of various plants, and others, as Mastigocoleus, boring
into shells.

They are found mostly in fresh water, and some, as Uroglena,
cause considerable trouble in public water supplies by reason of
their breaking down the cell-wall and the liberation of a fetid
oily substance. .

While these plants do not produce true spores, yet they are
able to tide themselves over adverse conditions by producing rest-
ing bodies through the formation of a thicker membrane and a
more concentrated cell-content. In this condition they are able to
hold over for several years and then grow when the conditions of
temperature, nutrition, etc., are suitable for their germination. As
a rule, they grow best in shallow, stagnant water with the rela-
tively high temperature of the summer months. When public
water supplies are polluted by these blue-green Algae it has been
found that the Algee are completely destroyed by the addition of
a very small amount of copper sulphate to the reservoir. As
small a quantity as one part per million is sufficient to accomplish
this result, not only killing the troublesome organisms, but pre-
venting their development for some months to come. A few of
the common forms will be considered.

Gloeocapsa is one of the simplest of the Blue-green Alge
(Fig. 6), consisting of spheroidal cells from 0.0035 to 0.005 mm.
in diameter, of a yellowish or brownish-yellow color, and usually
embedded in groups of two or some multiple of four in an olive-
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Single cell just after
division. The two
daughter cclls re-
A mass of cells after numer- tained in a gelatinous

A single colony.

ous divisions, all surrounded mass. Diameter Diameter of colonies varying Single cell showing
by a mucilaginous envelope. about 4 microns. from 40 to 290 microns. spirzl chromatophore.
Length, 14 to 18 mi-

GLOEOCAPSA. UROGLENA  crons.

Heterocyst which divides the
_ lilament into smaller filaments.

Thick-walled resting cells.

Filamentous colonies coiled
within the masses of jelly.

Part of 2 unm

NOSTOC Diameter, 4 to 12 microns.

as found floating in ponds.
About twice natural size.

%

Dismeter of filaments, OSCILLATORIA Decaying cell

$ to 50 microns. functioning as a heterocyst.

Filaments, about 10 té 60 microns
in diameter.

‘LYNGBYA

F1G. 6. Forms of Cyanophycez or Blue-Green Algz.—Adapted from Engler and
Prantl and somewhat modified by Lobeck.
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brown gelatinous stratum, this arrangement due to the cell divid-
ing in all directions. They occur on moist earth, stones, wharf
pilings, and even on window panes of greenhouses, thus being
distributed in both fresh- and salt-water regions. They some-
times form a kind of crustaceous stratum, and sometimes soft,
slimy masses sufficiently abundant that they can be stripped by the
handful from dripping, partially shaded rocks. Owing to the
variation in color and general habit of the plant a great many
species have been described, but up to the present time about 6o
have been sharply distinguished.

Oscillatoria, formerly known as Oscillaria, is the name applied
to a simple filamentous blue-green alga (Fig. 6) that is char-
acterized by movement from side to side as in a pendulum, due,
as has been suggested, to the movement of spiral masses of proto-
plasm extending from cell to cell. These filaments consist of a
series of disk-shaped cells like a pile of coins placed side by side,
the end cell being rounded off and more or less convex. The con-
tents are made up of a finely granular substance differentiated
into two areas, a dark central nuclear portion, and a peripheral
holding the pigment, which may vary from a bluish-green to dark
olive-green or even red sufficiently intense to give the water a
red color. The filaments vary from 0.00I to 0.005 mm. in diame-
ter, though they may attain a size of 0.050 mm.

Oscillatoria is usually found on wet, marshy grounds, in
ditches among decayed vegetable matter, on wood subject to hot
waste from steam engines, around pumps and cisterns, and in
greenhouses. It occurs in fresh and salt water.

Lyngbya somewhat resembles Oscillatoria, but does not show
any oscillations and the filaments are each provided with a dis-
tinct sheath (Fig. 6). It forms late in the summer in large tufts.
It is of a bluish-green color, forms long filaments, occurring in
the late summer upon Zostera and other Alge. The groups are
large and characteristic and have been given the common name
Mermaid’s Hair. The cells are about 0.030 mm. in diameter.

Uroglena is a form which is more or less oval or pear-shaped,
about 0.014 to 0.018 mm. in length, and extended into a stalk below,
the upper end being provided with two unequal cilia (Fig. 6).
The wall secretes a large amount of mucilage. The organisms
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arrange themselves in a radiating sphere, with the cilia at the
periphery. Each cell of the colony contains a more or less spiral,
yellowish chromatophore, bearing a reddish spct at one end, a
nucleus at the centre, and a few vacuoles. The cells secrete a
large quantity of oil, which is of an unpleasant, fish-like odor, and
is due either to the decay or breaking up of the cells by mechanical
means. This breaking up of the cells is the cause of the disagree-
able odor occasionally found in public water supplies. Uroglena
is found in New England and has been reported as far west as
Indiana, and is probably rather widely distributed in the United
States. It seems to thrive best in cold temperatures, usually
occurring in greatest numbers when the water is frozen over.
It multiplies by cell division, which takes place when the colony
becomes rather large. It also produces resting spores which
enable the organism to survive conditions which would otherwise
exterminate it.

A closely related organism, Synura, is responsible for the ripe
cucumber odor which was formerly thought to be caused by
fresh-water sponges.

Nostoc, a form occurring in filaments like a string of pearls, is
made up of spherical or elliptical cells, the whole being surrounded
by a thick, mucilaginous membrane (Fig. 6). Usually one finds a
number of these filaments growing together in a mass which can
be seen by the naked eye floating in the water. These masses
vary from globular to sub-globular, are irregularly divided or
occur in definitely expanded groups. These forms are marked by
having two kinds of cells, the one filled with a granular proto-
plasmic content, the other being free from protoplasm and some-
what larger than the other cells. These latter are fewer in number
and are called * heterocysts,” which means simply * other cells.”
At these latter cells the filaments separate, and thus many new
colonies are formed. Nostoc is mostly of an olive-green color,
but may be dark bluish-green, dark brown, or light yellow or even
colorless. It occurs mostly in fresh-water ponds, seldom in
brackish water, being found on damp rocks, on mosses and more
or less submerged plants, and variously in limestone springs or wet
calcareous rocks or on aluminous soil. Thé colonies vary greatly
in size and color, and while some of them may be of microscopic
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size at one period, later they may be as large as peas or cherries.
Owing to their variation in appearance in different seasons various
names have been given to the same form by different investigators.
They are also associated with lichens. According to systematists,
the forms of Nostoc are arranged according to their aquatic or
terrestrial habits.

SCHIZOMYCETES, OR BACTERIA.—The Bacteria, or
Fission Fungi, occupy rather an anomalous position, some writers
classifying them with Fungi and some with Alge. They are 1-
celled plants, microscopic in size, and of various shape. The con-
tents consist of protoplasm and a central body in some cases, which
is looked upon as a rudimentary nucleus. They are more or less
colorless, but sometimes produce a distinct pigment called bacterio-
purpurin which is rose-red or violet, and occasionally a chlorophyll-
green color substance. They are capable of multiplying by division
in one, two, or three directions, and under favorable conditions in-
crease very rapidly in number. The wall is more or less albumin-
ous in character, in this respect resembling the wall of the animal
cell, and is provided with one or more cilia, or flagella, the number
and position of which have been used as a basis of classification.
Sometimes the walls of the cells become mucilaginous, so that the
bacteria hold together, forming a mass known as a zodgleea.
Bacteria may form resting spores which arise in two ways. In
one case the contents round off and take on a membrane forming
a so-called ENDOSPORE; in the other case the plant body is trans-
formed directly into a spore known as an ARTHROSPORE, as in
some of the Blue-green Algz. This body is not strictly a spore,
but is in the nature of a resting cell (Fig. 7). Two classes of
bacteria are frequently distinguished, as follows: Aérobic, or
those which require oxygen for their development and conse-
quently grow best when they have access to air or oxygen; and
anaérobic, or those whose development is accelerated under re-
verse conditions, as in underlying tissues or in the interior of
cultures.

Occurrence.—Bacteria occur everywhere in nature, and play
a most important part in decay and putrefaction, in that they
change dead animal and plant tissues back again into simple inor-
ganic substances, as carbon dioxide, hydrogen, water, ammonia,
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etc. They serve a useful purpose in many technical operations, as
in the making of cheese, acctic acid, fermentation of tobacco,
curing of vanilla and many vegetable drugs, and in soil nitrification,
helping to change ammonia into nitrates—one of the sources of

the nitrogen used by plants. Many of them are disease-producing,
or pathogenic, and are the cause of a number of infectious dis-

eases in man and the lower animals, and plants as well. They are
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Bacillus subtilis (hay bacillus). a, Small rod-like organisms such as are
found in an infusion of hay, or bouillon; b, zoéglcea or mass of bacilli forming the “‘skin

on the surface of infusions; c, chains of organisms forming spores; d, individual bacilli
showing flagella, which are only seen after staining.—After Migula.

FiG. 7.

injurious in two ways: in one case they consume the tissues of the
host, as in tuberculosis, and in the other they produce powerful
poisonous substances, or toxins, as in diphtheria.

Classes of Bacteria.—In order to study Bacteria they are
grown upon nutrient media, such as sterile bouillon, potato, milk
etc. They are divided into a number of classes, depending for
the most part on the shape of the cell: (1) The Spharobacteria,
or Cocci, are those whose cells are spherical or spheroid, and in
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which division takes place in one, two, or three directions of space.
Very few of this group are provided with cilia. According to the
number of cells in a colony they are distinguished as Micrococci,
Diplococci, ete. (2) Bacteria proper are elongated, rod-shaped
organisms in which division occurs in only one direction, namely,
transversely to the long axis, and only after a preliminary elon-
gation of the bacterium. The Bacteria are subdivided into two
important groups, namely, Bacterium and Bacillus. The Bacilli
are motile organisms and produce endospores (Fig. 7), whereas
the Bacteria are non-motile and do not usually produce endospores.
(3) Spiral bacteria constitute the third principal group and are
characterized by the cells being spirally coiled. Division is in
only one direction. These bacteria are usually motile, and seldom
produce endospores. (4) There is another important group
which includes the Sulphur Bacteria, of which the most common
one is Beggiatoa. These occur in long threads, and move in an
undulating manner much like Oscillaria, one of the Blue-green
Algae. They are found in sulphur waters, as in sulphur springs,
and contain sulphur granules.

Bacteriological Technique.—Principally because of the
minuteness in size of micro-organisms a different technique is
required in their study from that required in the study of the
higher plants. In the first place it is difficult to isolate them
so as to be able to study individual forms. Another difficulty is
to prevent contamination after they are isolated. And even
though a pure culture is obtained it is difficult on purely morpho-
logical grounds to differentiate the various forms, as they are all
so much alike.

I. While it is comparatively easy to prepare a sterile solution,—
that is, one in which all life is absent,—it is very difficult to prevent
subsequent contamination under ordinary conditions. Even when
a cork- or glass-stoppered bottle for keeping liquids is used it is
difficult to prevent the entrance into and development of micro-
organisms in the liquids. The use of stoppers consisting of plugs
of absorbent cotton was first suggested by Schroeder and von
Dusch in 1854. They found that if flasks containing liquids,
which under ordinary conditions were likely to decompose, as
beef broth, etc., were stoppered with plugs of absorbent cotton
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and the liquid then boiled for some time it would keep
indefinitely.

II. It remained for Koch and Pasteur to show what took
place in the boiling of the liquid, who at the same time developed
the principles of sterilization in bacteriological work. These
authors discovered that micro-organisms have two stages of de-
velopment, one of which is active and the other resting, the latter
being known as the egg or spore condition. They found that the
organisms in the active condition were completely destroyed on
heating the solution containing them for 30 minutes at 100° C.
If this solution was allowed to stand for 24 hours or longer
there would be evidences of decomposition, which was due to the
fact that the spores representing the resting stage of the organ-
isms were unaffected by the first heating and developed into
the active stage. As a result of further experiments they found
that if the solution were heated on the second day for 30
minutes at a temperature of 100° C. the second growth of organ-
isms was destroyed, but it was found that the solution might still
undergo decomposition in the course of time, owing to the later
development of a few remaining spores. It was, however, found
that heating the liquid again on the third day was sufficient to
kill all of the spores as well as thc organisms in the active stage.
By repeating these experiments the authors confirmed theit
observations and established the process known as discontinuous
sterilization, which simply means that if a solution of a putrescent
or fermentative substance is heated on three consecutive days for
30 minutes at a temperature of 100° C., the flask or bottle being
stoppered with absorbent cotton, it will keep indefinitely. Instead
of using a plug of absorbent cotton the neck of the flask can be
drawn out into a narrow tube and directed downwards (see Re-
agents). The time required for producing a sterile solution,—that
is, one free from micro-organisms or their spores,—can, however,
be much reduced by increasing the temperature, or pressure, or
both. By use of the autoclave, in which the pressure can be
increased from 10 to 20 pounds, sterilization can be accomplished
in 30 minutes by using a temperature of 110° C.

ITI. As already indicated, one of the greatest difficulties is to
isolate the organisms. In a cubic centimetre of water there
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may be a million organisms representing various groups of bac-
teria. In trying to solve the problem of their separation it
occurred to Koch that if he could secure a medium which was
solid at the ordinary temperature and liquid at a slightly higher
temperature, he could mix a certain quantity of liquid containing
micro-organisms with the medium in a sterile condition, and then
by solidifying the mixture the organisms would be fixed, and
thus from each organism a colony would be developed which
could be isolated and further studied. We are indebted to Koch
for the use of solid culture media like nutrient gelatin and
nutrient agar in the study of these organisms.

IV. The application of stains for differentiating the various
organisms was introduced by Weigert in 1877. Staining is of use
in the determination of the number of flagella of certain organisms,
in the study of spores, and the identification of certain pathogenic
organisms, which occur in mucus and pus, as tubercle bacilli,
etc. Gram’s method of staining is of great use in differentiating
many pathogenic as well as non-pathogenic organisms, and is of
importance in classifying bacteria.

ALGZ.

Characteristics.—Algae are characterized by their habit of
living in water or in moist places. They vary from simple, 1-celled
microscopic forms to those of great size like the sea-weeds. In
the various types, however, the cells show little variation in shape.
All the Algz contain more or less of a green coloring matter, even
though it may be concealed by other pigments of a blue (as in
Schizophyta), brown, or reddish color. The possession of this
green cell-content or chlorophyll enables the Algz, in the presence
of sunlight, to manufacture food substances from simple materials
like earbon dioxide and water.

The occurrence of chlorophyll can be readily demonstrated by
" extracting it with g5 per cent. alcohol. Even in the most delicate
of the red Algz it can be shown by placing the fresh material in
a strong solution of common salt and afterwards extracting the
chlorophyll with alcohol, the other pigments being unaffected.

Alga are sometimes grouped as Fresh-Water Algz, includ-



PRINCIPAL GROUPS OF PLANTS. 17

ing most of the Green Algz, and the Marine Algz or Sea-weeds,
including most of the brown and red forms.

Alge are classified in three natural groups, not only on account
of color differences, but because of certain corresponding struct-
ural relationships, thus:

Chlorophyceze (Green Alge).
Phazophycexe (Brown Alge).
Rhodophycez (Red Alge).

Arranging the Algee in this way provides the simplest classi-
fication. But in addition to these groups there is another some
what isolated group that will be taken up first before the Chloro-
phyceae,—namely, the Conjugate. These are Green Algz con-
sisting of either single cells or a chain of cells united into threads
and further characterized by dividing always in the one direction
so that a filament results. They furthermore do not produce
zobspores, but produce zygospores as a result of a union of two
similar or only slightly different cells. After a period of rest
they break from the outer membrane and develop directly into new
vegetable cells. To this class the Desmids and Spirogyra belong.

The Desmids are unicellular Alge, varying from torpedo-
shaped to variously branched forms, occurring even in chains.
The protoplast is usually separated at or near the middle, where
the nucleus is located, dividing the cell into two symmetrical por-
tions (Fig. 8, E). In the protoplast is a more or less complex
chromatophore, through the center of which are distributed a
number of globular pyrenoids. The latter are distinct structures
embedded in the chromatophores of Green Alge and consist of
a central protein substance surrounded by a number of starch
grains, and, therefore, give a purple reaction with iodine. Owing
to the fact that the Desmids are motile they were formerly con-
sidered to be members of the animal kingdom. The movement is
slow and steady and largely influenced by the light. There is also a
circulatory movement frequently observed in the contents of
active living material. In addition, there is almost always observ-
able at the ends a well-defined spherical vacuole containing
numerous small crystals of calcium sulphate which exhibit a
dancing movement due to surface tension and is known as molec-

2
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ular or Brownian movement. Reproduction is either by simple
division or by the union of two Desmids. In the latter case the
contents of each flow together into a connecting tube formed by
the union of the two Desmids, the resultant mass rounding off to
form a zygospore.

FiG. 8. Forms of Desmids in longitudinal view and transverse section. A, Meso-
tenium Braunii; B, Ancylonema Nordenskioldii; C, Penium digitus; D, Cylindrocystis crassa;
E, Closterium moniliferum; F, Spirotenia muscicola; G, Pleurotenium trabecula; H, a Docid-
fum baculum; Ha’, D. dilatatum.—From Wille in Engler and Prantl's ‘‘Die Naturlichen
Pflanzenfamilien.”

Spirogyra.—Another one of the common Green Algz is
Spirogyra (Fig. 9), one of the pond-scums, which in the spring
forms floating green masses on ponds and shallow water. The
plant-body consists of a chain of cylindrical cells forming long
threads or filaments. The transverse walls are sometimes pecu-
liarly thickened. The chromatophores occur in one or more spiral



PRINCIPAL GROUPS OF PLANTS. 19
bands (Fig. 9, IT), which extend from one end of the cell to the
other. In these bands are embedded protein bodies known as
pyrenoids. The nucleus lies in the centre of the cell and is con-
nected with the cytoplasmic layer lining the walls of the cell by
delicate threads of cytoplasm.

Spirogyra may be propagated vegetatively by one or more
cells of a filament breaking off and forming new individuals by

F1G. 9. II. Spirogyra stictica, showing parts of two filaments with band-like chroma-
tophores (chloroplasts), in which are embedded spherical pyrenoids. Nuclei are shown
in some of the cells with delicate threads of cytoplasm radiating from them. Two of the
cells (a, a) of the adjoining filaments (A, B) are beginning conjugation. I, S. Heeriana,
showing different stages of conjugation. In the upper cells, the contents have rounded off
previous to the rupture of the adjoining walls of the two filaments. The two middle cells
show the contents passing from one cell into the opposite cell. In the lower cell tothe
right the zygospore is shown.—After De Bary.

cell division. The plant is also reproduced by means of zygo-
spores, as follows: The cells of two adjoining filaments each
send out processes (Fig. 9, I/, a, a), which meet; the end walls
are absorbed, forming a tube through which the contents from one
cell pass over into the other (Fig. g, /) ; the contents of the two
cells then fuse, after which the mass becomes surrounded by a
cellulose wall. The spore thus formed may remain dormant over
winter, and the following spring germinate and form a new Spyro-
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gyra filament or plant. This method of reproduction is known
as CONJUGATION, and the zygospore is called a resting spore. It
should be explained that certain cells, as well as spores, may lie
dormant for a period, as during the winter season or at other
times, when the conditions are unfavorable to growth, and then
renew their activities, these being known as “ resting cells.”

CHrLoroPHYCEE.—The Chlorophycez, or Green Alge, are dis-
tinguished by usually having a green color, due to chlorophyll, and
by having no other pigment. The cells contain one or more nuclei.
They are either unicellular or made up of many cells forming fila-
ments or flat sheets. They occur either singly as simple cells or
in groups representing a single individual or a colony. They are
found mostly in fresh or salt water, usually being microscopic
in size so as not to be noticed, but often attracting attention when
they occur in sufficient quantity to form a scum on the surface.
The reproduction is mostly by ciliated cells called zoGspores or
swarm spores. Reproduction also takes place by the union of
the zodspores and through the fertilization of egg cells. The
sexual spore resulting from this union of like cells (forming
a zygospore) or of unlike cells (forming an oOspore) seldom
develops immediately, but usually undergoes a resting period be-
fore growth is continued

Protococcus.—One of the commonest of the Green Alga
as well as one of the simplest is Protococcus (Pleurococcus) vul-
garis (Fig. 10). It occurs as a green coating, in both winter and
summer, on the moist bark of trees, moist ground, and stone
walls, and is a component of some lichens. The plant is 1-
celled, more or less spherical, and at one stage contains a number
of chlorophyll grains which finally unite to form a single plate
which lies against the wall and is known as a CHROMATOPHORE.
Besides it contains a considerable amount of oil. An allied
species (Protococcus viridis) contains the sugar erythrite. The
plant usually reproduces by simple division,—that is, one cell
or plant divides to form two. The divisions may continue by the
production of another cross wall, so that four cells result. Under
favorable conditions, division may take place by the formation
of still another wall at right angles to the other two. In this
way two, four and finally eight individuals arise which adhere
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more or less to one another, thus forming colonies. The number
of individuals in a colony depends upon the number of indi-
viduals in the colony when division begins and the extent to
which division is carried. Thus if there were four cells in a
colony to begin with and division took place in three planes, there
would be thirty-two cells in the colony at the end of the period.

The development of the green coating on the barks of trees,
due to the growth of Protococcus and the protonema of mosses,
is usually thought to be more pronounced on the north side. This,
however, is a slightly false notion. The fact which determines
the position of these plants is the quantity of moisture available.
The south and southwest sides of trees in the northern hemisphere
are exposed to more light and heat and consequently are apt to be
drier, with the result that they are rarely covered with coatings of

FIG. 10. Protococcus vuigaris. Different stages of division of the cell.—After Wille.

Protococcus and mosses. The under side of slanting trees is a
very favorable place, as are also the lower slanting surfaces near
the ground of large upright trees, because in these places the
water is more likely to be conserved. A careful investigation by
Kraemer showed a more abundant growth of green plants on the
east and southeast exposure, although the north side of many trees
showed good growth also.

Volvox occurs widely distributed throughout the United
States in ponds and pools of fresh water. It is most abundant
in warm weather, but also found in midwinter. It appears as a
minute spherical colony about ¥4 mm. in diameter, made up of
numerous cells, the number ranging from several hundred to
many thousand (Fig. 11). The cells at the periphery are pro-
vided with cilia, so that -the colony rolls slowly through the
water. Each cell contains a chloroplastid in which starch granules
and often a red pigment spot are present. The asexual reproduc-
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tion is through the formation of daughter colonies within the
mother colony, and these after a time develop motile cells like the
parent, which swim about and finally escape. A sexual method
of reproduction also occurs in which there is a union of cells
within the spheres, the resulting cells after germination forming
swarm spores that cling together to form a new colony.

Hydrodictyon, or Water Net, is a form often very abundant
in sluggish and stagnant waters. It consists of a number of cells
forming a net, the meshes of which are usually hexagonal or
pentagonal in shape, depending on the number of cells outlining
them (Fig. 11). The cells are all alike, cylindrical in form,
attaining sometimes a length of 1 cm., and usually contain a
number of nuclei. The green chromatophore occurs in a plate
at the periphery of the cell and usually contains numerous
pyrenoids.

The asexual reproduction is by means of zoospores which
are formed simultaneously in large numbers, sometimes number-
ing many thousands in each cell. These zoGspores as formed
inside of the mother cell show more or less definite movement
and arrange themselves finally to form a new net. The sexual
reproduction is characterized by several stages. (1) Some of the
zoOspores are liberated through a pore in the cell-wall of the
mother cell and after swimming around for some time pairs of
them unite, forming zygospores. (2) After a resting period each
zygospore develops 2 to 5 zoGspores, which escape into the water
and develop into irregular, sharp-angled cells, called polyhedra,
which persist through the winter. (3) When these polyhedra
develop, small zoospores are again formed, and these arrange
themselves to form a net inside of the polyhedron, which then
escapes and increases in size.

Vaucheria (Fig. 12) is another common green alga which
may also be selected as showing the habits of this group of
plants. The plant has a branching thallus and lives in shallow
water or on moist earth, being attached to the substratum by
means of delicate root-like processes sometimes spoken of as
rhizoids (Fig. 12, w). In the thin layer of protoplasm lying near
the wall are numerous nuclei and small oval chromatophores.
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Numerous oil globules are also found in the protoplasm, and cal-
cium oxalate crystals may occur in the cell-sap.

Vaucheria furnishes an example of a plant whose interior is -
not segmented by eell-walls. In other words, the cavity within
the outer or enclosing membrane is continuous, and such a plant
is said to be ccenocytic,—i.e., like a syphon. But it should be borne
in mind that the plant contains a great many nuclei, and, as we
have seen (page 2), a nucleus with its associated cytoplasm

w S

P1G6. 12. Vaucheria sessilis. A, sporangium from which the multiciliate zodspore is
escaping; B, resting zodspore; C, D, germinating zodspores with growing point (s); E,
plant showing root-like organ of attachment (w), spore from which the plant is developing
(sp); F, showing in addition two oégonia (og) and an antheridium (h).—After Sachs.
constitutes a unit of work. Hence such a plant as Vaucheria is in
a certain sense equivalent to a plant having as many uninucleate
cells as it has nuclei. It would probably be better to call such a
plant multinucleate rather than unicellular.

Reproduction by means of asexual spores is brought about as
follows (Fig. 12, A) : A cross wall is formed near the end of one
of the branches, the end portion constituting a sporangium. The
contents, including numerous nuclei, group themselves into one
large zoOspore, which escapes through an opening in the sporan-
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gial wall, and after swimming about for a time comes to rest
and germinates, giving rise to a new plant (Fig. 12, C, D). This
large zoospore is multinucleate and multiciliate, there being two
cilia for each nucleus, and by some botanists is considered to be
an aggregation of numerous biciliate zoGspores. It is also of
interest to note that the zodspores of Vaucheria appear to arise by
a grouping of the cytoplasm and the nuclei already existing in the
sporangium rather than by repeated divisions of a single nucleus.

Another method of reproduction in Vaucheria (Fig. 12, F)
is that by means of o0spores, or spores formed by the union of
egg and sperm cells. Two special branches are formed on the
thallus as short side shoots. One of these branches, known as
the odgonium (Fig. 12, 0g), is somewhat egg-shaped and sepa-
rated from the thallus by means of a cross wall. It contains a
great many chromatophores and considerable oil, and has a com-
paratively thick wall. The apex is somewhat beaked and con-
tains colorless protoplasm. The second branch, which is known
as an antheridium (Fig. 12, &), is smaller, somewhat cylindrical
and curved towards the obgonium. It is also cut off from the
thallus by means of a cross wall. The antheridium contains very
little chlorophyll, but a great many sperm cells. These are oval
or egg-shaped and have two cilia, one at each end. The sperms
escape from the apex of the antheridium and enter an opening
at the apex of the odgonium, one of them uniting with the egg
cell, which then develops a thick membrane, the resulting odspore
being a resting spore.

Ulva, or Sea Lettuce, is a common form found all over the
world, especially in brackish waters. In its usual form it consists
of flat, thin, unbranched fronds which are more or less ovate or
orbicular in outline and frequently deeply incised, sometimes be-
coming linear or even ribbon-shaped (Fig. 11). The fronds con-
sist of two layers of cells, which are either in close contact with
each other or else at maturity separate so as to form a tubular
frond. It sometimes occurs in large quantities in the shallow
water along our coast, and is conspicuously disagreeable by its
resemblance in shape to the swollen intestines of some animal.

(Edogonium is a filamentous alga occurring usually in simple
junbranched filaments and attached by a disk-like cell or hold-‘
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fast (Fig. 11). It occurs in meadow pools or ponds, frequently
in streams attached to rocks near rapids. The cells are somewhat
elongated and contain a large, irregular chromatophore with
pyrenoids. Most of the cells are vegetative cells, interspersed
among which are the cells producing the spores. ZoOspores are
produced singly in the cells and are provided with cilia at one
end. After swimming about for some time they attach themselves
at this ciliated end to a substratum and develop into filaments.
Two other types of cells are formed and which give rise either
to oogonia, the female organ containing a large egg cell, or to
antheridia, the male organ containing many sperms. The union
of a sperm with an egg cell produces an o6spore with a very thick
wall, capable of over-wintering and developmg again when con-
ditions are favorable.

Tue CHARACEE, or Stoneworts, is a highly differentiated
group that is considered as a distinct class between the Chloro-
phycez and the Phxophycee. They stand so entirely by them-
selves that many authorities do not consider them as even Alge.
They consist of jointed stems, from the nodes of which whorls of
from 4 to 10 leaves are developed, and these bear the sexual
organs (Fig. 13). In many of the members of this family the cell-
wall is incrusted with lime salts. Chara occurs in great masses
in the bottom of ponds and shallow lakes. It occurs in sufficient
quantity in many places so that the body of water has a distinct
orange color, due to the immense numbers of antheridia. The
plant is of such luxuriant growth that if single individuals are
kept in an aquarium or large glass vessel it will greatly multiply
during the winter and persist for many years. In ponds where
Chara occurs large quantities of lime are deposited, so that in
ancient deposits now exposed to view one often finds imbedded
therein the remains of the spore-fruits.

In the long cells or internodes there is a large vacuole and
a thin layer of protoplasm containing a central nucleus and a
large number of oval or lens-shaped chromatophores. In some
forms, especially in Nitella, the inner protoplasmic layer shows
a streaming movement. This is very interesting, as a distinct
streaming movement does not occur in most plants and is limited
to a few water plants, the staminal hairs of Tradescantia, the leaf
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hairs of Cucurbita and Urtica and the hyphz or Rhizopus, etc.
This streaming movement in plants like Characee, as pointed out
by Pfeffer (Physiology of Plants), has in most cases a definite
purpose. It is, in any case, always possible that the streaming
movement may be an accessory but unavoidable accompaniment
of some other form of vital activity. In Chara and Nitella the

F1G. 13. Stonewort or Chara. At left showing the habit of the plant with minute
reproductive organs on the leaves. At right enlarged view of reproductive organs. A,
mature organs showing (a) antheridium, (8) oégonium surmounted at the top by a crown
of cells (c); b, stem of plant; 8/, 8/, whorl of leaves, some of which have been removed, as
at 8; B, a young antheridium (a), with young oégonium (SK), together with the adjoining
cells of the stem; the whorl of leaves not represented.—A, after Wille; B, after Sachs.
streaming endoplasm (inner layer of protoplasm) does not cover
more than 2 to 3 mm. per minute. The activity of the streaming
is influenced by sunlight, oxygen, acids, chloroform,, etc. Two
kinds of protoplasmic streaming are recognized: (1) in which the
movement is confined to the layer enclosing the central vacuole,
that is known as ‘“rotation,” and (2) in which the streaming
follows more or less irregular paths up and down the strands of

protoplasm, crossing the latter, which is called “ circulation.”



28 A TEXT-BOOK OF BOTANY.

Vegetative reproduction is much like that of the higher plants,
through the production of root-tubers or bulbils, stem bulbils, and
through special branches arising at the nodes. The bulbils are
filled with starch and are capable of over-wintering. The sexual
mode of reproduction is through the activity of o6gonia producing
oospores, and antheridia producing antherozoids or sperms. These
are adjacent to each other at the nodes, the o6gonium forming a
central elliptical cell which is surrounded by a crown of cells
through which fertilization takes place (Fig. 13).

PrazopHYCEE~—The Phzophycez, or Brown Alge, are dis-
tinguished by having brown chromatophores. They are mostly
found in the colder waters of the ocean, and are either free or
attached to a substratum. They vary in size from microscopic
organisms to delicate filamentous or cord-like forms, and may be-
come of enormous size. Some are called rock-weeds and give the
characteristic color to the rocks between low- and high-tide marks.
Others are known as “ kelps,” and these grow near the low-water
mark. They vary in color from an olive-green to a brown. The
chlorophyll may be extracted by alcohol, leaving the other pig-
ments, phycoxanthin and phycophwein. Many of these Algz are
rich in iodine, being one of the sources of this element. They also
contain large quantities of sodium, and were used at one time
in the manufacture of sodium, and have been used to fertilize the
soil in parts of Europe as well as in New England. )

They are more complex in form than the Green Algze, and
are distinguished by having hold-fasts which, while not in the
nature of true roots, yet serve to hold the plant. They may also
develop stems and bear leaf-like structures of many varied forms.
Others also develop swollen bladders which contain oxygen and
which serve to buoy up the plant.

Fucus, or Bladder Wrack, is one of the common rock-weeds
(Fig. 14, B). It grows near the surface of the water, attached
to rocks, and produces a regularly dichotomously branching
thallus. Some of the forms in the upper branches produce air
bladders which are spherical or slightly elongated and usually in
pairs. The margins of the branches are either entire or somewhat
serrate. The tips of older branches become more or less swollen
and are termed receptacles. They are dotted over with minute
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cavities, called conceptacles, and these contain the reproductive
organs. These consist of odgonia and antheridia, which may be

F1G. 14. Some common marine alge. A, Laminaria, showing portions of three leaf-
like thalli and hold-fast; B, dichotomously branching thallus of Fucus; C, Sargassum, or
“gulf weed,” showing a thallus resembling a leafy branch, with swollen, berry-like air
bladders, which act as floats; D, Dasya, a delicate branching filamentous sea-weed, attached
to a blade of eel-grass; E, dichotomously branching thallus of Chondrus, or Irish moss;
F, leaf-like thallus of Grinnellia; G, densely, but delicately branched thallus of Polysiphonia.
A, B, C are Brown Algz and D, E, F, G are Red Alge. .

present on the same or on different plants. The egg cells and the
sperm cells escape into the sea-water, and after their union an
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oOspore results, which, upon finding a favorable resting place,
begins shortly to develop into new Fucus plants. The plant
contains both iodine and bromine, chiefly combined with salts of
sodium and potassium, and was at one time used in medicine. It
also contains a bitter principle and a considerable amount of
mucilage.

AscoPHYLLUM, a rock-weed closely related to Fucus, is dis-
tinguished from this genus by the fact that the branches are desti-
tute of midribs and the spores occur in groups of four instead of
eight. The frond is thick and narrow, branching somewhat
dichotomously, and at intervals produces large, conspicuous floats,
which are broader than the frond. The plants occur from 15 to 2
metres in length. The fruit is fouind in lateral branches in winter
and spring, and in June the receptacles fall off and are sometimes
found in immense quantities, covering the bottom of tide pools.

LAMINARIA is one of the common kelps or devil's aprons which
inhabit principally the colder seas of high latitudes. They all
grow in pools at low-water mark, attached to the rocks and in
deep water, and some attain a very large size. The species vary
greatly in outline and habit according to the season and place of
growth—whether on an exposed or sheltered coast or partly ex-
posed at low tide. It consists of three parts (Fig. 14, A): a
long, leaf-like expansion or blade supported by a more or less
cylindrical stalk or stipe, which in turn is attached to the rocks
by a hold-fast made up of a cluster of fibrous outgrowths. In
general the species may be classed in two groups, one in which
the frond is ribbon-like or long in proportion to the breadth and
not split up into segments, and the other in which the frond is
proportionally broader and fan-shaped and laciniate. To this
latter belongs the Laminaria digitata. There are some 25 species,
distinguished by the arrangement of root-fibres comprising the
hold-fast, the structure of the stipe, whether solid or hollow and
whether provided with distinct cavities containing mucilage, the
shape, especially of the basal portion of the lamina, and the char-
acter of the margin and the position of the fruit. The growing
portion of the lamina is at the base, as in the leaves of the Spermo-
phytes. The kelps of the Pacific Ocean are among the largest
sea-weeds known, the Giant Kelp., Macrocystis, attaining a length
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of nearly a thousand feet. Other forms have large floats at the
base of the lamina. Reproduction is chiefly by zodspores formed
in 1-celled sporangia which occur either in dispersed patches
or in continuous bands near the centre of the frond.

SarcassuM, or Gulf Weed, grows attached to rocks by means
of disk-like hold-fasts (Fig. 14, C). When it is torn from the rocks
it is carried into the open ocean by currents such as the Gulf
Stream. Sargassum is most highly organized and is represented
by a very large number of species. They are found especially in
the warmer waters near Australia, Japan and the adjacent coast of
Asia, and also in the West Indies and at various parts of the
Atlantic Coast near the Gulf Stream, some occurring as far north
as Cape Cod. The plants vary from 15 cm. to nearly 2 metres in
length, and consist of a stem-like axis which bears leaf-like
branches with a distinct midrib, berry-like air sacs on stalks, and
reproductive branches or receptacles.

Ruopopuycex.—This includes all the Alge which are of a
reddish or violet color. They contain chromatophores in which,
the chlorophyll is masked by other pigments, mostly red, and
known as phycoerythrin or rhodophyll. The red Algz are mostly
found in salt water, occasionally in fresh and running water.
They are usually found growing upon other plants or variously
attached to some substratum. They vary from microscopic forms
or very delicate filamentous types to large plants. They are
usually composed of a number of cells or filaments which are
so closely arranged as to resemble the tissues of higher plants.
Many of the cells are connected by strands of protoplasm, giving
them a rather characteristic appearance. Others have an in-
crustation of lime on the wall. They are mostly found in deep
waters of the Tropics. Reproduction is almost entirely by sexual .
or asexual spores.

Cuonprus, or Carragheen or Irish Moss (Figs. 15, 16), is a
common rock-weed found at low-water mark, and in this country
is common from New York northward, being extensively col-
lected at a few points about 15 to 20 miles south of Boston. The
plant varies considerably in color, being more or less green when
close to the surface of the water and of a deep purplish-red when
growing at some depth. It varies from 4 to 15 cm. in length, and
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is attached to rocks by means of a slender hold-fast. The thallus
is dichotomously branching, somewhat flattened, but may be quite
linear. The fronds show a mucilaginous modification of the cell-
walls. In the upper segments occur small differentiated areas,

F1G6. 15. Specimen of Chondrus crispus still attached to the rock where it was found
growing along the Massachusetts coast.
sometimes called sori, of a more or less elliptical outline, which
on sectioning are found to be in the nature of sporangia, contain-
ing numerous tetraspores (Fig. 16). The spores are discharged
through narrow canals extending through the more or less com-
pact outer layer of the frond. The article found in commerce has
the color removed by being bleached through the action of the sun
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and dews. It shows, however, all the morphological structure of
the growing plant.
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F1G. 16. Chondrus crispus: A, B, C, D, various forms of thallus; H, hold-fast; F,
sporangia; T, transverse section of thallus showing epidermis (E), sporangium with spores
(F); S, spores separated in glycerin preparation of thallus by pressure on the cover-glass.
The spores occur in groups of four (tetraspores) and the tetrad group is about 30m in diameter.

In a closely related genus, Gigartina (Fig. 17), which is found
in imported Chondrus, the fruit bodies occur in numerous cylindri-
3
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cal outgrowths developed on the surface of the fronds. This
form is found more abundantly north of Boston than south, but,
as Chondrus is collected at Cohasset, Scituate, and other towns
south of Boston, it is not seen in commerce in this country.
RmopyMENIA, or Irish Dulce, is one of the commonest red
sea-weeds in the North Atlantic Ocean, usually growing with Fucus,
Laminaria, and other Alge between tide marks and extending
into deep water. The fronds are purplish-red, flat, membra-

Fi16. 17. Gigartina mamillosa, a red sea-weed closely related to Chondrus crispus,
showing a dichotomously branching thallus and bearing at the upper part numerous cylin-
drical outgrowths in which the fruit bodies (sporangia) are found.—After Kutzing.
naceous, 15 to 30 cm. in length, irregularly cleft, palmate or
dichotomous, the margin often being marked with numerous
small divisions. The sporangia occur in scattered patches im-
mersed in the cortical tissues of the frond. It is a common article"
of commerce and is said to possess anthelmintic properties.

AGAR-AGAR is derived from several of the marine Algz grow-
ing along the eastern coast of Asia, notably species of Gracilaria,
Gelidium, and Gloiopeltis. It is a mucilaginous substance which
is extracted from the sea-weeds, and is used extensively as a
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culture medium in bacteriology and in other work where a nutrient
is desired. It occurs commercially in bundles 4 to 6 decimetres in
length, consisting of thin, translucent, membraneous, agglutinated
pieces, yellowish-white in color. It is usually brittle, but becomes
tough when moistened. It is used in medicine in the powdered
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FiG. 18. Arachnoidiscus Ehrenbergii, a characteristic Diatom found in Agar-agar.—From
a photomicrographic negative by J. J. Woodward, Surgeon, U. S. A

form. Under the microscope Agar-agar frequently shows the
frustules or siliceous cell walls of diatoms, which are disk-shaped
(Fig. 18). It is insoluble in cold water, but dissolves slowly in
hot water. Upon boiling 1 part in 100 parts of water it should
yield a stiff jelly upon cooling.

Diatoms constitute a large group of unicellular plants, occur-
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ring in both fresh and salt waters. They form the plankton or
floating microscopic life found in oceans and lakes, which is the
source of food of small animal forms inhabiting these waters.
The mud at the mouths of many rivers, the sediment of ponds,
ditches, and even rain troughs may contain great numbers of
these minute organisms. They have been found in the polar
ice, and have been detected in the dust evolved from volcanoes.
One of the distinguishing characters of the group is that the cell
wall is incrusted with silica. For this reason they are practically
indestructible and form marls and strata in the earth. They occur
either singly or grouped in bands or chains. They are very
variable in shape, being boat-shaped, ellipsoidal, spherical, or
peculiarly curved in some forms. They are either free or attached
to a substratum, as stones, water plants, etc., those which are
free having an active movement (Fig. 19).

The cell wall of Diatoms practically consists of two halves, one
fitting over the other like the lid of a box. These are known
as “valves” or “theca.” The manner in which the two valves
are joined results in the formation of a “ girdle ” or *‘ pleura.”
The girdle is provided with a series of pores conecting with
canals at either end and in the middle, through which food from
without is supplied to the protoplast. The valves are very often
beautifully marked by a series of parallel cross lines, dots, cir-
cles, or polygons, which are characteristic of the different groups.
Some forms are used in testing the definition of objectives, as
Pleurosigma angulatumn, in which the lines are one-half micron
(0.0005 mm.) wide (Fig. 19, 4).

In the Diatoms the protoplasm lies as a thin layer close to the
wall surrounding a large central vacuole. The nucleus is sur-
rounded by a relatively dense mass of cytoplasm, and occurs in
definite positions according to the species. The chromatophores
frequently occur in plates which are typical for certain species.
They are sometimes greenish-yellow, the color being generally
masked by the presence of a brown substance known as diatomin.
They frequently contain pyrenoids, which are sometimes asso-
ciated with granules of starch.

Reproduction takes place by simple division or fission, the two
valves separating and a new valve forming on each half to replace
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the old one. In each case the valve formed fits into the old one,
and hence in the case of the smaller valve the new cell or plant
becomes smaller than the parent plant, the walls not being able
to expand on account of the siliceous composition. In this way
the cells of one series gradually becomes smaller and smaller until
a certain minimum is reached, when the plant rejuvenates itself

Fi1G. 19. Diatoms: A, Pleurosigma attenuatum as seen from above; B, Pleurosigma
balticum as seen from the girdle side; C, D, E, Fragilaria virescens showing colonies attached
to an alga in C, a view of a single diatom from above at D, and a chain of diatoms viewed
fromr the girdle side at E; F, G, two views of Navicula viridis; H, I, the formation of auxo-
spores in Navicula firma, H showing the exit of the protoplasts and the throwing off of the
original valves.—A, B, D, after Van Heurck; C, E, after W. Smith; F-I, after Pfitzer.
by the production of spores (auxospores). These are formed in
two ways: In one case the valves separate from each other, the
protoplast escapes, grows larger and develops a new wall; in the
other case, of which there are several types, two individuals come
together, and envelop themselves in a mucilaginous covering.
They then throw off their siliceous walls and the protoplasts

unite to form a zygospore, which grows until it is three times the
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original size, after which it develops a new wall, the larger valve
forming first (Fig. 19, H, I).

Dratomaceous EArTH, also known commercially as “ In-
fusorial Earth,” or “ Kieselguhr” (meaning  siliceous marl),
occurs in extensive deposits, some of these, as the stratum at
Richmond, Va., extending to a depth of 18 feet. These deposits
consist of the siliceous walls of the Diatoms, which, owing to their
composition, are practically indestructible, and are accumulated
in those localities which have favored the growth of the organ-
ism. The natural deposit is mined and usually calcined to de-
stroy the organic matter, after which it is washed and dried.
The article used in pharmacy is further purified by boiling with
diluted hydrochloric acid, washing, and calcining. This purified
product is known as Terra Silicea Purificata, and occurs in the
form of an almost whitish, or light grayish, or light brown powder.
It is odorless, insoluble in water and in mineral acids or dilute
solutions of the alkalies. Under the microscope mounts made in
water or solutions of hydrated chloral show the frustules or
siliceous walls of the Diatoms. In the better grades of Diatoma-
ceous Earth the entire skeleton with the characteristic markings is
present. Material coming from various localities shows a differ-
ence in genera of Diatoms. The exact naming of the species
requires the assistance of specialists. In order to avoid confusion
it is necessary to bear in mind that there are two and sometimes
even three views which may be obtained of the same Diatom.

Diatomaceous Earth consists of about 85 per cent. of SiO,,
10 per cent. of water, and 5 per cent. of clay, iron oxide, magnesia,
lime, and organic material. Owing to the fact that Diatomaceous
Earth is made up of the hollow shells of Diatoms, it has the
property of absorbing by capillarity gases and liquids. For this
reason it is used in the preparation of dynamite; the highly ex-
plosive nitroglycerin being absorbed by the diatomaceous shells,
rendering the product capable of being handled. When calcined,
it will absorb its own weight of water. It is used in pharmacy for
filtering and as a diluent for powdered extracts, etc. Among the
technical uses may be mentioned: polishing of metals and woods,
insulating steam pipes and electrical insulators, packing of caustic
and inflammable liquids, and the manufacture of glass, paper, and
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soap. It is also used to some extent in dermatology. In India it
has been used as a rubefacient. In Sweden, and among the
Chinese and Laplanders, Diatomaceous Earth has been used as an

FIG. 20. The Alga are put to various uses by the people who collect them. The
illustration is taken from an ornament purchased at the Louisiana Purchase Exposition
and was made by the Filipinos from various kelps having large, bladder-like floats.

edible earth under the name of “ mountain meal” or “bread-
stone.” Humboldt also calls attention to the fact (Aspects of

Nature) that the practice of eating earth is diffused throughout
the torrid zone, among indolent races inhabiting the finest and
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most fertile parts of the globe. It is a saying even among the
most distant of the different tribes living on the Orinoco, when
speaking of anything very unclean, that it is “so dirty that the
Otomacs eat it.”

EconoMmic Uses or ALgE—Many of the Alge are of use as
food, of which the following may be mentioned: Vaucheria fasti-
giata, Griffithsia coralina, Ceramium Loureirii, Chondrus crispus,
Gigartina mamillosa, Gelidium cartilagineum, Gelidium crinale
(yielding agar-agar), Rhodymenia palmata (yielding dulse), and
several species of Gracilaria (which also yield agar-agar).

Some of the sea-weeds are used in the production of iodine,
as Durvillea utilis, Ascophyllum nodosum, Fucus vesiculosus
(bladder-wrack), Sargassum linifolium, Laminaria saccharina,
Laminaria digitata, Alaria esculenta, Rhodymenia palmata, Phyl-
lophora wmembranifolia, Macrocystis pyrifera, and Fastigiaria
furcellata.

A number of the Algae are also used in medicine, particularly
for phthisis, as Fucus cartilagineus, Stilophora rhizodes and
Dictyopteris polypodioides. Alaria esculenta and Laminaria digi-
tata are used in the making of bougies and tents used in surgery.
Owing to the toughness of some of the Algz on drying, the
material is used in the manufacture of various articles, as handles
for tools from the thick stem of Lessonia fucescens, fishing lines
from Chordaria flagelliformis (Fig. 20), etc.

FUNGI.

The Fungi form a large group of plants which do not produce
chloroplasts or any bodies having a similar function. They have
not the power of carbon dioxide assimilation,—that is, unlike the
Algz, they are unable to manufacture food materials, such as
carbohydrates (starches, sugars, etc.), from carbon dioxide and
water. Hence they are dependent upon previously formed food
products, and may derive their food from living plants or ani-
mals, when they are known as PARASITES, or from decaying animal
or vegetable matter, when they are known as sapropuyTEs. The
living plant or animal atacked by a fungus is known as the host.

Fungi are especially characterized by the habit of arising
from spores and of producing thread-like cells the growing point
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of which is at the apex. These threads are known as HYPHE
(singular hypha). They branch and become interwoven, forming
a mass or mat known as the mycerium (Fig. 23). The myce-
lium constitutes the plant body proper, and absorbs the food
material from the substratum, which it ramifies, often causing
decay. The mycelium is frequently not visible, and the presence
of the fungus is not recognized until the so-called fruit bodies are
developed, as sometimes seen in the case of moldy oranges,
mildewed linen, and as illustrated by the common mushroom.
The mycelium has a cellulose wall which in some cases is modi-
fied to chitin, a nitrogenous substance related to animal cellulose
and found in crabs and other lower animals. The protoplasm
either occurs in a more or less delicate form lining the hyphe and
enclosing large vacuoles, or is comparatively dense enclosing
numerous small vacuoles. Many Fungi contain color substances
which are dissolved in the cell-sap and are of a quite brilliant hue.
One of the most interesting classes of substances produced by
Fungi is that of the ferments, including the oxidizing ferment
allied to laccase. They contain also amido-substances related to
lecithin ; fats; carbohydrates, as trehalose and mannitol; organic
acids, as oxalic, tartaric, malic, etc.; and calcium oxalate may
be present in some cases.

Reproduction in the Fungi is chiefly by means of asexual
spores, which arise in two ways. In the one case they are devel-
oped in a special cell or sporangium at the end of a mycelial thread
and are known as ENDOSPORES. In the other case they arise on
special hyphz, or directly from the mycelium, and are known as
EXOSPORES or conidia. There are also several modifications of
these two types.of spores, which may be referred to later.

Groups of Fungi.—There are four principal groups of Fungi:

1. Phycomycetes.

2. Basidiomycetes.
3. Ascomycetes.

4. Fungi Imperfecti.

The Phycomycetes, or Algal-like Fungi, are so called because
they show a certain relation to the Algee.
The Ascomycetes are distinguished by having a sporangium of
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a definite shape and size, which is called an Ascus, and which
contains a definite number of spores, which is two or some multi-
ple thereof.

The Basidiomycetes are the most highly developed Fungi,
producing large fruit bodies, such as are seen in mushrooms, toad-
stools, and puffballs. They are characterized by producing spores
(basidiospores) on special hyphs. The spores are usually four
in number, and the spore-producing organ is known as a BASIDIUM.

The Fungi Imperfecti constitute a group of Fungi which,
while having certain natural relationships with the other types
already considered, yet do this so imperfectly that they are brought
in a class by themselves. The complete life-cycle is not in all cases
known, and future studies will probably distribute them among
the other principal groups.

PHYCOMYCETES: ALGA-FUNGI.—The plant body of
the Phycomycetes consists of a mycelium which is unsegmented,
more or less thread-like and sometimes considerably branched.
Reproduction takes place by means of several kinds of spores, and
by reason of the production of two kinds of sexual spores they are
subdivided into two important groups. These are (1) the O6omy-
cetes, which produce odGspores, and (2) Zygomycetes, which
produce zygospores.

Saprolegnia.—Probably one of the best representatives of
the O6mycetes is the group of water molds known as Saproleg-
nia, which are aquatic in their habits and are both parasitic and
saprophytic, occurring on living fish, insects, crayfish and decay-
ing plants and animals as well. The plant body consists of a
mycelium which may be simple or branched, sometimes forming
a dense mass (Fig. 21, 4). Like the alga Vaucheria, it produces
both swarm spores (zodspores) and oospores. The swarm spores
(Fig. 21, B, C) are produced in sporangia formed by the pro-
duction of a partition wall at the end of a hypha. The sporangia
are either cylindrical or spherical, and contain numerous zospores
which have two cilia at one end. These spores are peculiar in
that after their escape from the sporangium they swim about,
then come to rest and take on a wall, after which resting period
they develop two cilia on the side, again move about, and germi-
nate when they find a suitable host.
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The odgonia and antheridia (Iig. 21, D-F) are also formed
at the ends of hyphe. The obgonia are usually spherical and the
wall contains a number of small pores. The contents, which are
at first more or less uniform, later develop egg-cells, of which
there may be as many as fifty in a single o6gonium. The anthe-
ridium is more or less cylindrical and contains a somewhat uni-

PIG. 21. Species of Saprolegnia: A, mycelium growing out from and surrounding
a dead house-fly in a water culture; B, C, sporangia with biciliate swarm spores; D, a num-
ber of odgonia containing oospheres; E, F, oogonia and antheridia, in F the tube of the
antheridium having penetrated the oégonium,—A-C, after Thuret; D-F, after De Bary.
form mass of protoplasm. The antheridium bends toward the
obgonium and comes in contact with it, but apparently does not
in all cases penetrate it. Nevertheless the egg-cells develop walls
and become resting odspores.

In Peronospora, one of the Odmycetes, the antheridium
(Fig. 22, n) develops a tube which pierces the wall of the
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oogonium (Fig. 22, 0); the contents unite with the egg-cell,
after which a heavy membrane develops, forming an oGspore,
which germinates when it finds a suitable host. The plants
belonging to Peronospora as well as related genera are destruc-

F1G. 22. A, Cystopus candidus; B, Peronospora calotheca. Mycelia (m) with haustoria
penetrating cells (z) of hosts. C, Oéspore formation in Peronospora: o, oégonium; n, anthe-
ridium. At the left the antheridium is in contact with o6gonium; the next stage shows the
antheridium penetrating odgonium and discharging its contents; at the right the resulting
odspore is shown.—After De Bary.

tive to many cultivated plants, constituting mildews or blights,
as those occurring on the leaves of hyoscyamus, tobacco, anthe-

mis, matricaria, aconite, grape vine, lima bean, potato, etc. The
group has received the name “ downy mildews ” because of the'
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fact that the conidiophores rise to the surface of the leaves
where the spores are discharged, forming powdery patches.

Black Mold.—A common example of the Zygomycetes is
furnished by the “ black mold,” Mucor Mucedo. The mycelium

FiG. 23. B, richly branching mycelium (m) of the mold Phycomyces nitens showing
upright hypha bearing sporangia (g). A, C, D, the common black mold Mucor Mucedo.
A, sporangium with columella; C, germination of zygospore (z), with formation of hypha
(k), and sporangium (g); D, earliest stages in the development of a zygospore, the hyphal
branches (b) showing adjoining ends (a) cut off by cross walls.—After Sachs.

of this plant is ccenocytic, thread-like, very much branched, and
profusely developed, much like that of Phycomyces nitens (Fig.
23, B). This mold is widely distributed, causing trouble in the
spoiling of many sugar- and starch-containing substances in the
household, including preserves, syrups, fruits, etc. In fact, a
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number of species of Mucor have the power of inducing alcoholic
fermentation in glucose-containing solutions. They are also
commonly found in many aqueous solutions of inorganic chemicals
as well as organic substances. Asexual spores are formed at the
ends of hypha which rise into the air. The sporangia are spherical
and are cut off from the hyphe by means of a transverse wall
which projects upward into the sporangium and which is techni-
cally known as the columella (Fig. 23, 4). The contents by

Fi1G. 24. Peziza confluens showing stages in the development of ascospores. In the
youngest asci (m, r) there is only one nucleus; this divides into two (s); the division is
repeated, so that there are 4 nuclei in (t) and 8 in (n). These surround themselves with
protoplasm and a cell-wall (v, w), but the protoplasm of the mother cell or ascusis not entirely
used up.—After De Bary.
simultaneous division form numerous I-celled spores, which are
discharged by the bursting of the sporangium wall and distributed
by air-currents or the wind. As the name of the group to which
this plant belongs indicates, it also produces zygospores (Fig.
23, D). These are formed by hyphal branches which ascend
from the substratum. The ends of two branches come together,
a transverse wall is formed in each branch, the walls in contact

are absorbed, the contents unite, and a spore is formed with
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three membranes, two belonging to the spore proper and the third
being formed by the united hyphae. As would be expected, these
spores are quite resistant, being able to withstand unfavorable
conditions, and germinate (Fig. 23, C) only after a period of rest.

ASCOMYCETES.—The Ascomycetes are distinguished for
the most part, like the other higher Fungi, in having a septate
mycelium, i.e., one cellular in structure, and in producing asci

F1G. 25. Specics of Saccharomyces (Yeasts). A, S. cerevisie or beer yeast; B, S.
Pastorianus; C, S. glomeratus; D, S. Piculatus: a, vegetative cells reproducing by budding;
b, formation of ascospores.—After Reesz.

(sacs), which latter are formed at the ends of the branches of
the mycelia. Two main sub-groups are recognized, the one
producing an indefinite number of spores in asci which are not
well developed, and known as the HExmr1ascr; the other producing
n definite number of spores, which number is characteristic for
each species, in a well-developed ascus, and known as the Evascr.
In the latter group the spores arise by successive divisions of the
primary nucleus into two, as shown in Peziza confluens (Fig. 24).

Yeasts.—The simplest of the Ascomycetes is the sub-group
known as the Saccharomyces, or Yeasts. The Yeasts do not
produce a mycelium, but the plant body consists of a single cell,
or a chain of cells, and multiplies by a peculiar process known
as “yeast budding” (Fig. 25, a). From either end of the cell
a wart-like process develops, which enlarges until about the size
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.of the original cell, from which it is then separated by the forma-
tion of a transverse wall. The cells are spherical, ellipsoidal, or
egg-shaped, and in some cases somewhat elongated and hypha-
like. In the protoplasm are one or more large vacuoles. In
certain of the cells, which may be considered to be asci, two to
eight spherical or ellipsoidal spores are produced (Fig. 26).
There are a number of different species of Yeasts, some of which

Fi1c. 26. Formation of ascospores in a number of di;?ferent species of Yeasts. 1, Sac-
charomyces cerevisie; 2, S. Pastorianus; 3, S. intermedius; 4, S. validus.—After Hansen.
are cultivated ; and these latter are of great economic importance
on account of their property of inducing alcoholic fermentation.
They are also of use in the making of bread, changing the carbo-
hydrates in part into carbon dioxide and alcohol, both of which

are driven off in the baking.
The property of yeast causing the fermentation of a solution
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of sugar whereby alcohol is formed, was for a long time supposed
to be due to the presence of the living yeast cell or to the action
of living yeast protoplasm, and hence fermentation brought about
by living organisms was distinguished from those fermentative
processes where distinct principles such as diastase were involved;
the former being known as “ organized ” ferments, while the
latter were referred to as “ unorganized " ferments. DBiichner
obtained from freshly expressed yeast a nitrogenous substance
capable of changing solutions of cane sugar or glucose into alcohol
and carbon dioxide. This principle he termed zymase, and it
has all of the properties of an enzyme or ferment and behaves
exactly as the living yeast cell in a sugar solution. In the living
yeast plant zymase is continually being formed and decomposes the
sugar which has diffused into the cell.,

Yeasts are used in the treatment of certain skin diseases, their
action being attributed to a fatty substance, ceridine. Other
principles found in yeasts as well as extracts are used in the
treatment of cancer.

Under the name of Xerase a mixture is marketed consisting
of 150 parts of dried beer yeast, 20 parts of dextrose, 125 parts
of white clay or aluminum silicate, and 3 parts of a mixture of
nutritive salts. It is used in the treatment of putrid wounds,
ulcers, etc.

The ginger beer plant, which is used in England for making a
beverage known as ginger beer, consists of a yeast (Saccharo-
myces pyriformis) and a bacteria (Bacterium vermiforme).
These two organisms live in a somewhat symbiotic relationship, the
yeast changing the sugar into alcohol and the bacteria developing
lactic acid (see Technical Mycology, by Lafar).

Green and Yellow Mildews.—To the Ascomycetes also be-
long the green and yellow Mildews, Penicillium and Aspergillus,
so common in the household, the dairy, and the granary. These
plants produce profusely branching mycelia which form patches
upon or just under the surface of the materials upon which they
grow. These areas become soft and spongy and are always white
at first. After a time hyphal branches, which are more or less
flask-shaped, rise above the substratum, and by a process of
division at the end of the branch, or conidiophore, a spore called

4
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a conidiospore is formed (Fig. 27, 4; Fig. 28, A). The process
of division at the end of the conidiophore continues from below
until a chain of conidiospores is formed. The conidiophore fre-
quently branches, so that a fan-like series or group of conidia or

F1G. 27. Penicillium, a green mildew. A, richly branching mycelium with conidio-
phores; B, enlarged view of conidiophore showing chains of conidia; G, D, E, F, successive
stages in the development of a perithecium; G, H, J, development of asci; K, groups of
asci containing from 4 to 8 ascospores; L, ascospores seen from the side and showing char-
acteristic markings.,—After Brefeld.

conidiospores is produced (>Fig. 27, B, Fig. 28, A). The conidia
are usually some shade of green, but finally they may become more
or less brown. They are thin-walled, quite small, and so light
that they float freely in the air. If a colony is inhaled it gives
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the sensation commonly called the ““smell of mold.” They are
capable of germinating on almost everything, as old shoes, old
paper, as well as on bread and other articles of the household, and
are commonly found on “ moldy drugs,” and may occur in pharma-
ceutical preparations, as syrups and infusions, and even in solu-
tions of inorganic as well as organic chemicals.

Aspergillus (Fig. 28) is distinguished from Penicillium (Fig.

Fi1G. 28. Aspergillus, a yellow mildew. A, conidiophore with enlarged, more or less
spherical end, from which the fan-like series of chains of conidia arise; B-E, successive
stages in the development of perithecium; F, section through a nearly ripe perithecium;
G, groups of young asci; H, a ripe ascus with 8 spores.—A, after Kny; B-H, after De Bary.
27) by the fact that the upper end of the hyphal branch or conidio-
phore is somewhat enlarged and more or less spherical.

In'addition to the conidiospores these Fungi sometimes produce
in the fall of the year, particularly when grown upon bread, asci
fruits (Fig. 27, C-F; Fig. 28, B-E). In this case two fertile ini-
tial hyphae wind themselves around each other, after which they
become surrounded with sterile branches which form a kind of
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loose tissue, more or less cellular in structure, that finally develops
into a yellowish leathery wall. This body, which may be regarded
as a closed ascocarp, is known as a perithecium (Fig. 27, F; Fig.
28, F). As a result of the conjugation of the fertile cells, asci
(Fig. 27, G, H, J; Fig. 28, G, H) develop within the perithecium,
which are more or less spherical or ellipsoidal and contain from
four to eight spores (ascospores) (Fig. 27, K; Fig. 28, H).
After maturity the cellular tissue around the asci dries up and dis-
integrates, the walls of the asci dissolve, and the ascospores are
liberated from the perithecium by slight pressure. The spores
lie over winter and then germinate, producing a mycelinm from
which conidia first develop and afterwards the perithecia, thus
repeating the life history of the plant.

~ Ergot.—Another Ascomycete of special interest is the fungus
known as Ergot (Claviceps purpurea). The spores of this
fungus germinate on the flowers of certain grasses. The myce-
lium penetrates the walls of the ovary, absorbing the nutriment.
After a time the mycelium develops on the surface, and from
‘this short conidiophores arise bearing small ovoid conidia (con-
idiospores) (Fig. 29, A4). The mycelium secretes a sweet fluid,
the so-called honey dew which attracts insects, and thus the
conidia are carried to other plants. As the conidia are éapable of
immediate germination the so-called “ergot disease” rapidly
spreads during the flowering season of the host plants. After the
formation of ‘conidia ceases, the mycelium forms a dense mass
which is surrounded by a dark layer, and this, if developed upon
rye, constitutes the ergot grains (Fig. 29, B) used in medicine,
these grains being a number of times larger than the rye grains
which they replace. The mycelial tissues connected with the host
plant die, and the ergot drops to the ground. At this stage the
ergot mass is more or less cellular in structure and is known as the
SCLEROTIUM. It is quite resistant and usually remains dormant
until the following spring when the grasses are in flower again.
The sclerotium then shows signs of renewed activity by the de-
velopment of small, reddish, spherical bodies with a fair-sized
stalk (Fig. 29, C). Within the periphery of these spherical heads
are produced flask-shaped perithecia or ascocarps (Fig. 29, D)
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containing numerous cylindrical asci (Fig. 29, /), each of which
contains eight spores (Fig. 29, IV); the latter are. 1-celled, hya-
line, and thread-like (Fig. 29, /). These spores are carried by

Vg
i

‘G

F16. 20. Claviceps purpurea. A, mycelium developing conidia; B, an ear of rye
with a number of ripe sclerotia replacing grains of rye, and known as ergot: C, sclerotium
developing spherical fruit bodies; D, fruit body in longitudinal section showing numerous
flask-shaped perithecia at the periphery; E, enlarged perithecium with numerous cylin-
drical asci; F, closed ascus with 8 ascospores; G, discharge of ascospores; H, single thread-
like ascospore.—A, after Brefeld; B, after Schenck; C-H, after Tulasne.

the wind to the flowers of certain of the grasses, as already stated,
and the life history or cycle of growth begins again.
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Chestnut Bark Disease is caused by a fungus parasite known
as Diaporthe parasitica Murrill, and is said to very closely re-
semble the parasite found in Italy, Endothia radicalis. This
fungus has been the cause of very great destruction of chestnut
trees in the eastern United States. When any of the spores of
this fungus gain entrance into a wound on any part of the tree,
thread-like mycelia are developed in the inner layers of the bark,
and these spread concentrically until they girdle the trunk or

F1c. 30. Large Chestnut tree partly killed by the bark disease. Note branches
in the center either killed or bearing dwarfed leaves, and the other larger branches still
unaffected.—From photograph by Haven Metcalf.
limb, so that if it happens that the trunk is affected the entire tree
may die within the year, while if it is the smaller branches which
are attacked, only those parts beyond the point of infection are
killed, while the remainder of the tree will survive for some
years (Fig. 30). :

When the bark is attacked by the fungus it shows minute, more
or less crater-like spots of a yellowish-orange or reddish-brown
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color which are pustules of the fruiting fungus. These pustules
produce mostly winter spores (ascospores), although occasionally
a long strip of summer spores (conidia) are also produced (Figs.
31 and 32).

F1G. 31. Typical appearance of branches of Chestnut tree affected with chestnut
blight. At left, bark showing pustules of the parasitic fungus bearing winter spores. At
right, the diseased bark showing pustules and form of discharge of summer spores in damp
weather.—From photograph by Haven Metcalf.

The control of the disease over large districts consists mainly
in destroying the affected trees and carefully burning the rubbish.
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Single trees are treated by removing the affected branches and
painting over the cut ends with coal tar to prevent reinfection.
For further details on this fungus consult: Murrill, “ A New
Chestnut Disease,” Torreya, Sept., 1906; Farmers’ Bulletin 467,
U. S. Department of Agriculture; Metcalf, *“ Diseases of the
Chestnut and Other Trees,” Trans. Mass. Hort. Soc., August,

‘) @
‘ ‘

D

Fi1G. 32. Chestnut-blight disease, which occurs in small yellowish pustules the size
of a pin head. A, section of pustule showing perithecia; B, asci with sporidia; a, usual
form; b, form rarely found; C, sporidia; D, summer spores.—After Murrill.

1912; Farlow, “ Fungus of the Chestnut-Tree Blight,” Science,
May 10, 1912. ‘

BasipromycETES.—The Basidiomycetes are the most highly
organized of the Fungi. The mycelium consists of white branch-
ing threads and is usually concealed in the substratum. In the
cultivation of the edible mushrooms propagation is by means of
the mycelium, which is known commercially as “spawn.” It is
recognized, however, that mushrooms can not be propagated in
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this way exclusively for more than two or three years. The my-
celitim is really the plant body, and the part which rises above the
surface and is commonly regarded as the toadstool or mushroom
(Figs. 33 to 37) is a fruit branch, or spore-producing organ.
When these branches first make their appearance they are in the
form of smali solid bodies known as * buttons ” (Fig. 33, I-V).

F1G. 33. Agaricus campestris, the common edible mushroom, showing at A on the
left mycelium (m) and development of buttons or young mushrooms; I to V, longitudinal
sections showing successive stages in development of fruit body; m, mycelium; st, stipe;
h, portion between veil (v) and spore-bearing portion (1).

The illustration to the right (A, B, C) shows the structure of the hymenium in different
degrees of magnification: A, section through portion of pileus showing five of the gills;
B, section of a gill somewhat magnified; C, section of gill still more magnified and showing
sterile cells or paraphyses (q), and the fertile celis or basidia (s), from each of which arise
two basidiospores.—After Sachs.

As growth proceeds these bodies differentiate into a stalk-like
portion known as the stipe (Fig. 33, st), which is directly con-
nected with the mycelium, and an umbrella-like portion borne at
the summit of the stalk, called a pileus, which at first is closed
down over the stalk, but later expands or opens more or less
widely according to the species. On the under surface of the
pileus, known as the hymenium, the spores are borne (Fig. 33,
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F1G. 34. Some common edible mushrooms and a common poisonous one. The fol-
lowing are edible;: 1, Common Field mushroom (Agaricus campestris); 3, Clavaria flava,
young plant; 6, Puffball (Lycoperdon cyathiforme); 4, Morel (Morchella esculenta); s,
Chanterelle (Cantharellus cibarius); 7, Fairy-ring Fungus (Marasmius oreades).

Only one poisonous species is shown, namely, 2, the deadly Agaric (Amanita phalloides).
~—Adapted from Farlow.



PRINCIPAL GROUPS OF PLANTS, 59

A4, B, C). In some cases the under surface is composed of
a series of narrow, radiating, knife-like plates, or gills, as in
the common edible mushroom Agaricus. On the surface of
the gills the basidia or spore-bearing organs arise. The basidia
are somewhat swollen terminal cells of the closely arranged hyphe
composing the gills, which bear a group of spores on short stalks
(Fig. 33, C). DBoth the basidia and spores (basidio-spores) are
of a characteristic size and number for the different species.

Several types of Basidiomycetes are usually recognized, de-
pending on the manner in which the spores are borne.

1. The Gill Fungi (Agaricacex), in which the spores are
borne on plates or gills which radiate from the stem to the edge
of the cap.

2. The Pore Fungi (Polyporacex), in which the spores are
borne in tubes or pits opening by pores rather than on gills.

3. The Coral Fungi (Clavariacez), in which the Fungi are
coral-like or leaf-like, the surface of the cap or its branches being
smooth. -

4. The Leather Fungi (Thelephoracew), in which the spore-
bearing surface is smooth or slightly wrinkled. The texture is
usually leathery or papery.

5. The Jelly Fungi (Tremellacez), in which the fruiting sur-
face is smooth and the cap is more or less jelly-like when wet.

6. The Puff Balls (Lycoperdacex), in which the cap is a
closed ball which breaks open at maturity to release the enclosed
spores.

7. The Carrion Fungi or Stink-horn Fungi (Phallacex) re-
semble the puffballs when young, but are ruptured longitudinally,
the spores thereby being exposed on the top as a gelatinous mass.

Of these seven groups the Gill Fungi are the commonest, and
one or two types will be considered, namely, the common edible
mushroom and two of the poisonous group, Amanita.

Edible Fungi—.garicus campestris (common mushroom)
(Figs. 33 and 34) is practically the only edible species cultivated
in this country. The plant grows wild in open grassy fields dur-
ing August and September. It is not found in the mountains to
any extent, and is never found in the woods or on trees or fallen
trunks. The color of the stipe and the upper surface of the
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F1G. 35. A decaying tree trunk showing the cause of the death of the tree by the
appearance of the several fungi (probably Amanita muscaria). It is not unusual to find
trees showing signs of disease and, finally, even dying, and it is not until the death of the
tree that the mature fungus makes its appearance. For some years the mycelium of the
fungus has been working its way into the tissues not only of the bark but of the wood,
sapping it of its vitality. When there is no longer any food supply the fungus produces
its fruit; the spores, being scattered by either the wind or through the agency of birds,
are carried to other trees and find entrance into wounds, where they germinate and repeat
their destruction.—From a photograph by Henry Troth.
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pileus varies from whitish to a drab color, but the color of the
gills is at first pinkish and then of a brownish-purple, which is
an important character, the color being due to the spores. The
stipe is cylindrical and solid, and a little more than half way up
is furnished with a membranous band known as the ring. There
are no appendages at the base of the stipe, which appears to rise

F1c. 36. Edible Boletus (Boletus edulis), an excellent edible mushroom found in woods
and openings in summer and autumn. The capis 8 to 15 cm. wide, grayish-, yellowish-, or
brownish-red, sometimes paler toward the edge, smooth, and more or less convex; flesh
whitish or yellowish, or somewhat reddish just beneath the skin; stem white, stout, and
often bulbous.—From monograph on Minnesota Mushrooms by Frederic E. Clements.

directly out of the ground. Before the pileus is fully expanded a
veil extends from its border to the stipe, which when ruptured
leaves a portion attached to the stipe, and it is this which consti-
tutes the ring. The ring shrinks more or less in older specimens,
but usually leaves a mark indicating where it has been formed.
Poisonous Fungi.—There are two of the poisonous group
of Fungi which are very common and which have some resem-
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blance to the edible mushroom just described, namely, the fly
agaric (Amanita muscaria) (Fig. 38) and the deadly agaric
(Amanita phalloides) (Fig. 34). The fly agaric, while more abun-
dant in some localities than the common edible mushroom, is

Frc. 37. Pale Lenzites (Lenzites betulina), a non-edible fungus common on trunks
and stumps throughout the year. The cap is whitish, corky, more or less densely hairy,
and marked by concentric grooves; the stem is lacking and the gills are whitish, more or
less branched and united.—From monograph on Minnesota Plant Diseases by E. M.
Freeman,

seldom found in grassy pastures, but more generally in poor soil,
especially in groves of coniferous trees. It occurs singly and not
in groups. The gills are always white; the stipe is white, hollow,
and provided with a ring at the top, and the base is bulbous, hav-
ing fringy scales at the lower part. The pileus is yellow or orange
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Fic. 38. Fly Agaric (Amanita muscaria), a very deadly mushroom. The cap is bright
red or orange, becoming yellow or even whitish in age, roughened with many thick, white
angular fragments of the volva; the stem is stout, white, scaly, bulbous, and hollow; volva
forming several concentric scaly rings on the bulb; gills free or touching, white or yellowish.
This is frequent in woodland, forest, or clearing from June to frost, and is deadly poisonous.
—From monograph on Minnesota Mushrooms by Frederic E. Clements.
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and sometimes reddish; the surface is smooth, with prominent,
angular, warty scales, which can be easily scraped off.

The deadly agaric (Fig. 34, illus. 2) somewhat resembles the
fly agaric and also differs from the common mushroom in not
usually growing in pastures. It occurs singly, but not in groups,
in woods and borders of fields. The gills and stipe are white,
the latter, when young, having a number of mycelial threads
running through it. The base is quite bulbous, the upper part of
the bulb having a sac-like membrane called the volva. The pileus
may vary from any shade of dull yellow to olive, although some-
times it is shiny and white. .While it does not possess the warty
scales found in the fly agaric, it has occasionally a few mem-
branous patches.

The Toxic Principles in Poisonous Fungi.—The deadly
agaric (Amanita phalloides) is the cause of the greatest number
of cases of mushroom poisoning. According to Abel and Ford,
it contains two toxic principles: (1) Amanita-hemolysin, a blood-
laking principle, which is a very sensitive glucoside,—that is, pre-
cipitated by alcohol, destroyed by heating to 70° C. and by
the action of digestive ferments; (2) Amanita-toxin, which is
soluble in alcohol, is not destroyed by the action of heat or
ferments. The latter principle is the important poisonous prin-
ciple in mushroom poisoning and is probably the most toxic
principle known, 0.4 of a milligramme killing a guinea pig within
24 hours. “ The majority of individuals poisoned by the ‘ deadly
amanita ’ die, but recovery is not impossible when small amounts
of the fungus are eaten, especially if the stomach be very promptly
emptied, either naturally or artificially.”

The fly agaric (Amanita muscaria) owes its toxicity to mus-
carine, an alcohol-soluble crystalline substance. It is supposed
by Ford that the fly agaric may contain another poisonous constit-
uent. In cases of poisoning atropine has been successfully ad-
ministered hypodermically in doses of 135 to 5y of a grain.

It is stated that the A. muscaria, used by the peasants of the
Caucasus in the preparation of an intoxicating beverage, is deficient
in muscarine. '

The question as to whether the ordinary edible mushrooms,
as distinguished from the poisonous toadstools, may not in cer-
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tain localities or at certain periods of the year be the cause of
fatal intoxication is answered by Ford in the negative. He states
(Science, 30, p. 105, July 23, 1909) that there are no authentic
cases of poisoning from the black or brown spored agarics,
although old and badly decomposed specimens may cause transient
illness.

Economic Uses of Fungi.—A large number of the Fungi,
particularly of the Basidiomycetes, are used for food. There
are, however, only a few of these which enter the market. These
are derived chiefly from Agaricus campestris (Figs. 33 and 34)
and Agaricus arvenis, although some other species of Agaricus
as well as Morchella esculenta (Fig. 34, illus. 4) furnish excellent
products and are cultivated to a limited extent. The * truffles ”
of the market are tuber-like masses formed under ground, which
consist of the ascocarps of certain Tuberacex, one of the sub-
groups of the Ascomycetes, and which are used as a condiment
and sometimes roasted like potatoes. Tuckahoe or * Indian
bread ” is also produced under ground and consists apparently
of the fungus Pachyma Cocos and the roots of Liquidambar, the
tissues of which have been changed into a compound resembling
pectic acid by the fungus. Quite a number of Fungi have been
used in medicine, as Claviceps purpurea (Fig. 29), Polyporus
officinalis and other species, and various species of Lycoperdon.
A number of species are used in making surgeon'’s agaric (Fungus
chirurgorum) formerly used as a hemostatic, including Lycoper-
don Bovista and Polyporus fomentarius. Many of them yield very
toxic principles, as (1) several species of Amanita which contain
several toxic principles; (2) Lactarius piperatus and others
which yield highly poisonous resinous principles. Other uses of
Fungi have been mentioned under the several groups.

UstiLAGINEE and URrepiNEa—There are two groups of
Fungi of considerable economic interest which by some writers
are classed by themselves, and by others placed with the Basidio-
mycetes. These are the Ustilaginee, or Smut Fungi, and the
Uredinez, or Rust Fungi.

The Smut Fungi are parasitic on higher plants. The myce-
lium penetrates the tissues of the host, but does not seem to
cause either disease or malformation of the plant. Injury to the

5
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host results only after the development of resting spores. The
mycelia are hyaline, more or less branched, and finally become
septate. They send short branches, called haustoria, into the
cells of the host, from which they obtain nourishment. Eventu-
ally the mycelium becomes much branched, compact and more or
less gelatinous through a transformation of the hyphal walls,
forming gall-like swellings or blisters on the host. Spores are
formed within this gelatinous mass at the ends of the branches

L.

P16, 39. Corn smut (Ustilago Maydis) showing several gall-like masses of smut full
of spores.
of the mycelium. At a later stage the smut loses its gelatinous
character, the mass breaks up, and the spores are freed and dis-
tributed as a dry, dusty powder. The spores (primary conidia)
are somewhat spherical or ellipsoidal, and are generally separate,
but are sometimes united into a mass forming the so-called “ spore
balls.” These are resting spores and upon germination (Fig. 40)
produce a promycelium or basidium which becomes septate and
from each cell of which conidia called sporidia arise. The sporidia
are formed in succession one after another and the process con-
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tinues for some time. On germination they bud like yeast, form-
ing new conidia, or when nutrition is not abundant they may
form a mycelium, which is usually the case when they germinate
on a host plant.

Corn Smut.—One of the Smut Fungi, namely, Ustilago
Maydis, which develops on Indian corn (Fig. 39), is used in medi-

FIG. 40. Spores of various Smuts. 1, Ustilago longissima growing on the reed meadow-
grass (Panicularia americana); 2, Ustilago Maydis from Indian corn (Zea Mays); 3, Ustilago
Oxalidis on the yellow wood-sorrel (Oxalis stricta); 4, Ustilago utriculosa on the Pennsyl-
vania persicaria (Polygonum pennsylvanicum).

FIG. 40a. Germination of spores. 5, Ustilago utriculosa, in water, showing promy-
celium and sporidia; 6, Doassansia opaca from the broad-leaved arrow-head (Sagittaria
latifolia) in water, showing promycelium, sporidia, and secondary sporidia which are falling
off; 7, Ustilago Avene from oat (Avema sativa) in horse dung, showing promycelium, and
lateral “‘infection threads’ or hyphea; 8, germination of a sporidium of Ustilago Sorghi into
an infection thread; 9, small portion of a group of sporidia developed from promycelium
of Tolyposporium eriocauli in potato agar; 10, cross-section of epicotyl of broom-corn in-
fected by Ustilago Sorghi showing mycelium ramifying through parenchyma cells of the
cortex.—After Clinton.

cine. It forms rather large gall-like masses on all parts of the
plant, including the root, stem and leaves, and both staminate and
pistillate flowers. The spores (Fig. 40) are at first a dark olive-
green, but on maturity are dark brown. They are sub-spherical,
have prominent spines, and vary from 8 to 15 microns in diameter.
They do not germinate at once, but on keeping them for six
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months to a year they germinate readily on a culture medium
of potato, and retain their power of germination for years
Rust Fungi.—The Rust Fungi are parasitic on higher plants

o 2 v

F1G6. 41. Wheat rust (Puccinia graminis). A, teleutospore or winter spore germinating
and giving rise to a promycelium (p) and sporidia (s); B, a few leaves of barberry attacked
by sporidia which give rise to the =cidia; C, transverse section through barberry leaf show-
ing three cup-like receptacles (acidia) on the lower surface of the leaf containing per-
pendicular rows of conidia (=cidiospores); D, germinating acidiospore on wheat; E,
wheat plant attacked by =cidiospores as shown by the elongated blotches on the leaves;
P, cross section of leaf of wheat showing on the upper surface the rust spores which are
breaking through the epidermal layer (r); G, summer spores (uredospores); H, teleutospores
or winter spores formed on wheat leaf.—After Dodel-Port.

and produce a thread-like branching, cellular mycelium, which
develops in the tissues of the host. They differ especially from the
other IFungi in producing resting spores known as TELEUTOSPORES.
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These spores consist of one or more cells surrounded by a thick
black wall, and they produce the * black rust” seen on foliage
at the end of the season.

Wheat Rust.—The most important member of the Rust Fungi
is Puccinia, of which there are a large number of species that are
destructive to economic plants, as wheat, plum, cherry, red cur-
rant, etc. The one whose life history has been best studied is the
wheat rust (Puccinia graminis), which requires two different
plants to complete its life history, namely, wheat and barberry.
The Teleutospores, or * winter spores” (Fig. 41, H), as they
are called, because of their carrying the life of the plant over the
winter season, consist of two cells. These spores exist on the
leaves and stems of wheat over winter, and in the spring they ger-
minate (Fig. 41, 4). From each cell a mycelium (promycelium
or basidium) consisting of two to four cells arises (Fig. 41, 4, p),
and from the tip of each branch of the promycelium a spore
known as a sporidium develops (Fig. 41, 4, s). The Sporidia
are scattered by the wind, and when they fall on the barberry
leaves (Fig. 41, B) they germinate, producing a dense mass or
mycelium which penetrates into the tissues of the host.

Sooner or later, just within the under surface of the leaf,
there is formed a more or less spherical, dense mass, which grows
outward, breaking through the surface, forming a cup-like re-
ceptacle known as an acidium (Fig. 41, ¢). The Aicidia, or
cluster cups, are orange or yellow and are filled with perpendicular
rows or chains of spores which arise {rom the basidium-like
mycelium below. The spores, which have received the name
Zcidiospores, are somewhat spherical or polyhedral, and contain
a reddish-yellow oil. They are scattered by the wind and, falling
upon the wheat plant (Fig. 41, E), germinate immediately, form-
ing a dense mycelium. At first it produces what is known as a
“ Summer spore,” or Uredospore (Fig. 41, G ), giving rise to the
reddish-brown spots and stripes on the leaves and stalks of the
wheat plant. The Uredospores are I-celled, and are carried by
the wind to other wheat plants, thus rapidly spreading the disease.

The Uredospores arise in much the same way as the Teleuto-
spores (Fig. 41, H), which form brown patches later in the sea-
son, and which have been already considered. The Teleutospores
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last over winter on the old wheat plant, and in the spring begin
again the life-cycle of the rust. The plant which results from
the germination of a teleutospore gives rise to sporidia, which
are carried to the barberry leaves where wcidiospores are pro-
duced. The latter are then carried to growing wheat, forming
first uredospores and later teleutospores. It should be remembered
that these are all asexual spores. In regions where there are no
barberry plants to act as host the ®cidiospore stage is omitted.

Tue Funct IMpERFECTI—The miscellaneous fungi included in
this group are of importance because of the great damage which
they cause to agricultural crops. The potato scab is an especially
destructive pest in New England and in Canada. The scab not only
develops on the growing tubers in the soil, but can be spread from
a few affected potatoes to a whole bin of clean ones if they come
in contact with them. Prevention of this disease usually consists
in disinfecting the tubers which are used for seed so as not to
carry the minute organisms into the soil.

A disease affecting the leaves of the potato and thereby destroy-
ing the crop is due to a fungus whose spores, settling on the leaves,
germinate and penetrate to the interior through the stomata,
finally weakening or killing the plant. ,

Some of the other important forms produce a pink mold on
apples, scabs on peaches and other fruits, mold on onions and
other garden crops. The blight of ginseng and the blight of
cotton, the dry rot of various vegetables and the blotches on many
of our common fruits can be traced to the development of these
fungi. The study of these forms is a very difficult one, and re-
searches are constantly being carried on at the government experi-
ment stations, as well as by individual workers.

For a description of these forms, as ‘well as many other
harmful fungi, consult “ Fungous Diseases of Plants,” by Duggar.

DEerEcTiON OF FuNGUs 1N Host.—Unless special means are
employed, it is ofttimes rather difficult to trace the mycelial of the
fungus in among the cells of the host plant. Vaughan (Annals
of the Missouri Botanical Garden, 1914, p. 241) has used the stain
known as “ Pianeze IIIb ” in differentiation of the fungus from
the plant substratum. The host tissue stains green and the my-
celium a deep pink. This stain, devised by Dr. Pianeze for the
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study of cancer tissue, is made up as follows: Malachite green,
0.50 Gm.; acid fuchsin, o.to Gm.; “ Martius gelb,” o.01 Gm.;
water distilled, 150.00 c.c.; alcohol (95 per cent.), 50.00 c.c. For
use with plant tissues the procedure is as follows: Wash in water
or alcohol, stain in the undiluted mixture 15 to 45 minutes, remove
excess stain in water, and decolorize in 95 per cent. alcohol to
which a few drops of hydrochloric acid have been added. For per-
manent mounts, clear with a carbol-turpentine mixture, remove
clearing solution, and mount in balsam.

This stain is also valuable for staining spores which have been
allowed to germinate on the surfaces of leaves. In such cases
the killing and tissue-clearing mixture proposed by Duggar is
recommended, viz., consisting of equal parts of glacial acetic
acid and alcohol. In the study of the rusts, the best results are
obtained by the use of Durand’s combination of Delafield’s haeema-
toxylin and eosin (Phytopathology, 1911, p. 129).

LICHENS.

General Characters.—The Lichens are a peculiar group of
plants in that an individual lichen consists of both an alga called
a conipIuM and a fungus. These are so intimately associated that
they appear to be mutually beneficial, and such a relation is known
as symeiosis (Fig. 42). The Alga which may be thus associated
in the Lichens are those members of the Blue and Green Algae
which grow in damp places, as Pleurococcus, Nostoc, Lyngbya,
etc. (Fig. 42). The Fungi which occur in this relation belong
both to the Ascomycetes and Basidiomycetes, and it is on the
characters of the fruit bodies of these particular Fungi that the
main divisions of Lichens are based. The Fungi, however, are
not known to exist independently of the Alge with which they
are associated ; that is, the mycelia of the fungi will not live for
any length of time unless they come in contact with suitable
alge. In its development the fungus forms a mycelium which
encloses the alga, the growth of which latter is not hindered. The
two organisms then continue to grow simultaneously, forming
lichen patches. A section of a lichen shows a differentiation into
several parts (Fig. 43): a more or less compact row of cells on
both surfaces forming two epidermal layers; and an inner portion
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made up of the hyphal tissue of the fungus in which the alga is em-
bedded either in a single layer or throughout the mycelium. The
mode of growth and branching is influenced largely by the fungus,
although in some cases the alga may exert the most influence. In
some cases the lichen consists of a thallus which is irregular in
outline, growth taking place at no definite point, and in other
cases branches which are more or less regular are formed, growth
taking place at the apex.

F1G. 42. Lichens showing manner of union of alga or gonidia (g) and hyphz (h) of
Fungl. A, Protococcus, showing the manner in which hyphe penetrate the cell and in-
fluence cell division; B, Scyfonema, an alga surrounded by richly branching hyph=; C, chain
of Nostoc showing hypha of fungus penetrating a large cell known as a heterocyst; D, fungal
hypha have penetrated the cells of Gl@ocapsa, a blue-green, unicellular alga; E, Chlorococcum,
a reddish or yellowish alga found in Cladonia furcata, the cells of which are surrounded by
the short hyphe of the fungus.—A, after Hedlund; B-E, after Bornet.

The walls of the hyphe of the fungus comprising Lichens con-
sist at first of pure cellulose. In older material the walls undergo
more or less modification, being changed in part to starch, mucilage,
or fixed oil. There may be also infiltrated among the layers of
the wall calcium oxalate, the latter constituent being especially
characteristic of the crustaceous Lichens. The most interesting
constituents of Lichens are the coloring principles, which are

mostly of an acid character and are termed Lichen-acids. They
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give very striking reactions with solutions of the alkalies and solu-
tions containing chlorine. The reaction with iodine solutions is
also employed for diagnostic purposes; some of the Lichens give
a blue reaction, while others behave like amylo-dextrin.

Groups of Lichens.—According to the manner of growth
and the manner of attachment to the substratum, three principal
groups of Lichens may be distinguished: namely, (1) Crus-
taceous Lichens, where the thallus adheres closely to the stones
and barks of trees and practically can not be removed without
injury; (2) Foliose Lichens, or those which are more or less
flattened, somewhat leaf-like and attached at different points; (3)
Fruticose Lichens, or those which are attached at a particular
part of the thallus, and form diffusely branching clumps. To this
latter group belong Cetraria islandica or Iceland moss (Fig. 43),
which is used in medicine, Usnea barbata and the red-fruiting
Cladonias which are so common.

Reproduction in the Lichens takes place in several ways. In
all of them there is a vegetative mode by means of what are
known as SOREDIA. These are small spherical bodies consisting of
a group of algal cells, which are surrounded'by a mass of hyphw,
and which when cut off from the main body are able to grow.
Lichens also produce spores of a number of kinds. In the largest
group, the one to which Cetraria islandica (Fig. 43) belongs, the
spores are found in special spherical receptacles, known as pyc-
N1DIA, which are formed on the teeth of the margin of the thallus.
The spores arise from tlie ends of hyphe at the base of the pyc-
nidia and are in the nature of conidiospores. To these spores
the name pycNocoNIDIA has been applied. Cetraria also pro-
duces, like many other Lichens, disk-like or cup-shaped bodies at
various places on the surface of the thallus, which are known as
AapoTHECIA and which may be regarded as exposed or open asco-
carps. The inner surface of the apothecia is lined with a number
of asci as well as sterile cells, the former giving rise to ascospores.

Economic Uses of Lichens.—A number of the Lichens are
used in medicine, as several species of Cetraria, Pertusaria com-
wmunis, Physica parietina, Sticta pulmonacea, Evernia furfuracea.
Some of those used in medicine are also used as foods on account
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of the gelatinous carbohydrate lichenin which they contain. Be-
sides those given, the following may be mentioned: Cladonia
rangiferina (reindeer moss), Lecanora esculenta (supposed to be
the manna of the Israelites). The Lichens are, however, chiefly
of interest because of the coloring principles which they contain.
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F16. 43. Iceland Moss (Cetraria islandica). A-F, various forms of thalli showing
apothecia (a); I, cross-section of an apothecium showing the hymenium (h), the hypothe-
cium (p), the algal layer (e), the medullary layer (m), and lower or ventral surface (1); K,
an ascus with eight ascospores and two paraphyses from the hymenium (h).

Roccella tinctoria, Lecanora tartarea, and other species of Leca-
nora, yield upon fermentation the dyes orcein and LiTMUS, the
latter of which finds such general use as an indicator in volu-
metric analysis. Cudbear, a purplish-red powder, is prepared by
treating the same lichens with ammonia water ; while in the prep-
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aration of orchil, a purplish-red pasty mass, sulphuric acid and
salt are subsequently added. A number of species contain a yel-
low coloring principle, as Zeora sulphurea, Zcora sordida, Lecidea
geographica and Opegrapha epigea.

ARCHEGONTATES.

The two main features which distinguish the Archegoniates
from the Thallophytes are the structure of the sexual organs and
the distinct manner in which the peculiar phases known as alter-
nation of generations are shown. The antheridium or male sexual
organ is a well differentiated multicellular body which is either
sunk in the adjacent tissues of the plant or is provided with a
stalk. Within it are organized the sperms or spermatozoids, which
are ciliate and swim freely in water. Corresponding to the odgo-
nium of the Thallophytes is the ARCHEGoNIUM or female sexual
organ which gives name to the group. The archegonium is a
flask-shaped cellular body consisting of a basal portion of venter,
which contains a single egg, and a neck through which the sperms
enter (Figs. 49 and 51).

In the life history of this group of plants there are two gen-
erations or phases of development. During one stage the arche-
gonium and antheridium are developed, and this is known as the
sexual generation, and as these organs give rise to gametes or
sexual cells it is also spoken of as the GAMETOPIIYTE. DBy the union
of the sex cells (sperm and egg) an odspore is formed which
germinates at once within the archegonium. That portion of the
plant which develops from the odspore gives rise to asexual
spores, and hence this phase is called the asexual generation.
It is also spoken of as the sroroPHYTE from the fact that it gives
rise to spores. These spores are in the nature of resting spores
and do not germinate on the plant as does the oospore. They are
distributed and on germination give rise to the gametophyte stage.

In some of the Archegoniates these two phases are combined
in one plant, as in the Bryophytes, whereas in other members of
the group the two phases are represented by two distinct plants;
that is, the gametophyte and sporophyte become independent of
each other, as in the Ferns,
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The following table shows the main divisions and subdivisions
of the Archegoniates:

Hepatice (Liverworts).

Bryophytes. ... ;
ik Musci (Mosses).

Archegoniates
Filicales (Ferns).

Pteridophytes. . | Equisetales (Horsetails).
Lycopodiales (Club Mosses).

BRYOPHYTES

The structure of the sexual organs in the Liverworts (Fig. 44)
and Mosses (Fig. 49) is essentially the same, but the vegetative
organs are more or. less dissimilar. In the Liverworts the plant

F1G. 44. A common moss (Funaria). A, germinating spores: v, vacuole; w, root-
hair; s, exospore. B, protonema about three weeks after germination: h, procumbent
primary shoot; b, ascending branch of limited growth; K, bud or rudiment of a leaf-bearing
axis with root-hair (w).—After Sachs.
body or thallus lies more or less close to the substratum or rises
somewhat obliquely, whereas in the Mosses the part we designate
as the plant is in all cases an upright leafy branch. The moss
plant is said to have a radial structure from the fact that the
leaves radiate from a central axis, while in the Liverworts the
thallus is dorsiventral; that is, as a result of its habits of growth,
it is characterized by having a distinct upper and lower surface.
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The Life History of this group of plants may probably be
best illustrated by following that of a moss plant. DBeginning
with the germination of an asexual spore which is microscopic in
size and which germinates on damp carth, there is produced an

&

FIG. 45. A common moss (Polytrichum gracile). A, showing leafy branches (gameto-
phores) two of which bear sporogonia, a detached sporogonium (sporophyte) with sporan-
gium from which the calyptra (ca) has been detached. B, longitudinal section through a
nearly ripe sporangium showing columella (o), the elongated area of sporogenous tissue
(archesporium) on either side, annulus (n), peristome (p), lid or operculum (u); C, trans-
verse section of sporangium showing columella in center and dark layer of sporogenous
tissue (archesporium); D, ripe sporangium (capsule) showing the escape of spores after
detachment of lid; E, ripe spore containing large oil globules; F, ruptured spore showing
separated protoplasm and oil globules: G, two germinating spores 14 days after being sown,
showing beginning of protonema in which are a number of ellipsoidal chloroplasts.—After
Dodel-Port.
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alga-like body consisting of branching septate filaments, which is
known as the PROTONEMA, or prothallus (Fig. 44). The Proto-
nema lies close to the surface of the ground and is more or less
inconspicuous except for the green color. I‘rom the lower por-
tion thread-like processes, or rhizoids consisting of a row of cells,
are developed, which penetrate the ground. Sooner or later lateral
buds arise from some of the lower cells. Growth continues from
an apical cell which divides and gives rise to cells that differentiate
into stem and leaves, forming an upright branch, which consti-
tutes the structure commonly regarded as the “ moss plant ” (Fig.
45, A). The leaf-bearing axis varies considerably in size; in
some cases it is but a millimeter high, whereas in some species, as
Polytrichum (Fig. 45), it may be several hundred millimeters in
height. At the tip of the branch the antheridium (Fig. 49, 4)
and archegonium (Fig. 49, B) are formed. These organs are
developed in among the leaves and certain hairy processes, known
as paraphyses (Fig. 49, ). They may both occur at the end of one
branch (Fig. 49, C) or they may occur on separate branches
(Fig. 49, D), when the plants are said to be moncecious, whereas
when these organs occur on separate plants ([Fig. 49, 4, B) the
plants are called dicecious.” In the case of dicecious plants the
plant bearing the antheridium is frequently smaller and less com-
plex than the one producing the archegonium. As already stated,
the archegonium produces the egg-cell or female gamete (egg)
and the antheridium, the sperm cell or male gamete (sperm).

The sperms in the Bryophytes are more or less filiform and
are provided with a pair of cilia at one end. The antheridia,
'owing to the peculiar mucilaginous character of the cells, only
open when there is an abundance of moisture, when the sperms
are discharged and move about in the water, some being carried
to the archegonium, which likewise opens only in the presence of
moisture. With the transferral of the sperms to the archegonium
and the union of one of these with the egg which remains sta-
tionary, the work of the gametophyte may be said to be com-
pleted. The act of union of the egg and sperm is known as
FERTILIZATION, and when this is effected the next phase of the
life history begins.

The egg after fertilization divides and re-divides within the
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archegonium, which becomes somewhat extended until finally it
is ruptured. The dividing cells differentiate into a stalk and a
spore case or sporangium which is borne at the summit, the whole
structure being known as the srorocoNium (Fig. 45). The
base of the stalk is embedded in the apex of the moss plant,
and is known as the foot, it being in the nature of a hausto-
rium or nourishing organ. As the sporogonium develops and
rises upward it carries with it the ruptured archegonium which
forms a kind of covering over the top, called the calyptra
(Fig. 45, ca). At first the sporangium is more or less uniform,
but eventually differentiates into two kinds of tissues, the one
being sterile and the other fertile (producing spores), which latter
is known as the arcuesroriuM (Fig. 45, B, C'). The fertile tissue
in both the Liverworts and Mosses is variously disposed; some-
times it forms a single area and is dome shaped, spherical, or
in the form of a half sphere. In other cases it is separated into
two areas by sterile tissue. The sterile tissue which extends up
into the dome-shaped archesporium, or which in other cases
separates the fertile tissue into two parts, is known as the
columella (Fig. 45, B, C). The sporangium in the mosses is
capsule-like and the spores are distributed in three ways: (1)
In some cases the capsule does not open, but when it decays the
spores are liberated. (2) In other cases the capsule dehisces
longitudinally in dry weather, and thus the spores are freed.
(3) There is a third method in which the capsule is provided
with a lid or operculum which comes off and permits the spores
to escape, this being the most common method for the escape
of the spores (Fig. 45, D). In the latter instance the mouth
of the capsule is usually marked by one or two series of cells,
constituting the pErisToME, which are teeth-like and characteristic
for some of the groups of mosses. These teeth bend inward or
outward, according to the degree of moisture, and assist in regu-
lating the dispersal of the spores. In the sphagnum mosses there
is no peristome, but, owing to unequal tension of the lid and capsule
on drying, the lid is thrown off, and the spores are sometimes
discharged with considerable force and sent to quite a distance
(as much as 10 centimeters), in this way insuring their dispersal.

The spores (Fig. 45, E) vary in diameter from 10 to 20
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microns, being sometimes larger. They occur in groups of four
in a mother-cell, and the spore-group is known as a tetrad, which
is characteristic for the Bryophytes and the higher groups of
plants. The spores therefore vary in shape from spherical tetra-
hedrons to more or less spherical bodies, depending upon the
degree of separation. The contents are rich in protoplasm and
oil (Fig. 45, F). The wall consists of two layers, the outer of
which is either yellowish or brown and is usually finely sculptured.
At the time of germination the outer wall is thrown off, and the
protonema develops (Fig. 45, G). The spores may germinate
almost immediately, or only after a considerable period. These
spores are asexual and each one is capable of giving rise to a
new plant. With the formation and dispersal of the spores the
work of this generation terminates, and this phase is called the
sporophyte or asexual generation, from the fact that it produces
spores.

Having thus followed the stages of development in the life
history of a moss, we see that it is composed of the following
parts: (1) The alga-like protonema; (2) the leafy branch which
gives rise to an o0spore (sexual spore), and (3) the sporogonium
which produces asexual spores. The leafy branch is sometimes
spoken of as the gametophore (gamete-bearer), and it and the
protonema together constitute the gametophyte or sexual gen-
eration, while the sporogonium represents the sporophyte or
asexual generation.

The protonema sooner or later dies off in most plants, but in
other cases it persists, forming a conspicuous portion of the
gametophyte.

HEPATICA.

General Structure.—The Hepaticee or Liverworts (Fig. 46)
are usually found in moist situations. The protonema formed on
germination of a spore is filiform, and the plant body which
develops from it consists of a flat, dichotemously-branching
thallus, or it may in some of the higher forms differentiate into
a leafy branch, as in the leafy liverworts. The thallus, owing to
its position, has an upper and an under surface which are some-
what different, as in Marchantia (Fig. 46), hence it is said to be
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DORSIVENTRAL. From the lower colorless surface unicellular
rhizoids arise (Fig. 47, #). The upper surface consists of several
layers of cells containing chlorophyll which give the green color
to the plant.

Vegetative propagation may ensue by the lower portion of
a branch dying and the upper portion continuing as an inde-
pendent plant. Or special shoots, known as GEMMZE, may arise
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F1G. 46. Dichotomously branching thallus of the common liverwort (Marchantia
polymorpha) showing near some of the margins the cup-like depressions in which gemme
are borne (c), and several archegoniophores (a).
either on the margin of the thallus or in peculiar cupules, which,
when detached by rain or other means, are capable of growing
and producing a new plant.

In addition the thallus body produces both antheridia and arch-
egonia (Fig. 46) which may arise on special stalks above the sur-
face. After fertilization of the egg-cell, which completes the work
of the sexual generation of gametophyte, the sporophyte develops,

6 .
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producing a sporogonium consisting of a short stalk which is
embedded in the tissues of the gametophyte, and a capsule (spor-
angium). The latter at maturity dehisces or splits and sets free
the spores, which are assisted in their ejection by spirally banded
cells called ““ elaters ” (Fig. 48, C-F). The spores on germination
give rise to a protonema which then develops a thallus bearing the
sexual organs. As in the mosses, the sporogonium represents the
asexual generation known as the sporophyte.

Liverwort Groups.—There are three important groups of

P16, 47. Transverse section through the thallus of Marchantia polymorpha. A,
middle portion with scales (b) and rhizoids (h) on the under side; B, margin of the thallus
more highly magnified, showing colorless reticulately thickened parenchyma (p), epidermis
of the upper side (0), cells containing chlorophyll (chl), air pore (sp), lower epidermis (u).
—After Goebel.

Liverworts: (1) The MarcuanTia Group (Fig. 46), in which
the thallus is differentiated into several layers and so somewhat
thickened. Another character is the diversity in form of the
sexual organs, which range from those which are quite simple to
those which are highly differentiated. In Riccia the sexual organs
are embedded on the dorsal (upper) side of the thallus, while in
Marchantia they are borne upon special shoots, one, which has a
disk at the apex that bears the antheridia, known as the antheridio-
phore, and another whose summit consists of a number of radiate
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divisions and bears the archegonia (Fig. 46) on the lower sur-
face, known as the archegoniophore ; these being borne on separate
plants. In Riccia, the simplest of the Liverworts, the sporangium
is enclosed by the thallus ard the spores are not liberated until the
decay of the plant.

(2) The Ju~NcerMANIA Group, known as “Leafy Liver-

’

worts 7’ or “ scale mosses,” includes those forms which are more

F1G. 48. Amnthoceros gracilis, one of the liverworts. A, thallus with 4 sporogonia;
B, a ripe elongated sporogonium, dehiscing longitudinally and showing two valves between
which is the slender columella; C, D, E, F, various forms of elaters; G, spores.—After
Schiffner.

or less moss-like and develop stems and small leaves. The sporo-
gonium has a long stalk and the capsule is 4-valved, 1.e., separates
into four longitudinal sections at maturity.

(3) In the Axtroceros Group (Fig. 48) the gametophyte
is thallus-like and very simple in structure, the sexual organs being
embedded in the thallus. The sporogonium is characterized by a
bulbous foot and an elongated, 2-valved capsule. Like the thallus,
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it develops chlorophyll and possesses stomata resembling those
found in certain groups of mosses and higher plants,

MUSCI.

In the Mosses the archegonia always form the end of the
axis of a shoot, whether this be 2 main one or a lateral one. As
has already been stated (p. 78), the sexual organs are surrounded
by leaves or leaf-like structures, known as perichztia or peri-
chaetal leaves, and by hair-like structures or paraphyses, both of
which are considered to act as protective organs. Sometimes
the groups of sexual organs together with the protective organs are
spoken of as the ““ moss flower.” As already stated, the Mosses
are both moncecious (Fig. 49, C, D) and dicecious (Fig. 49, A,
B), hence a moss flower may contain only one of the sexual organs
or it may contain both. Mosses are also characterized by an
abundant vegetative propagation. New branches are developed
from the old. * Almost every living cell of a moss can grow out
into protonema, and many produce gemma of the most different
kinds.” Entire shoots provided with reserve material are cut
off and form new plants. Inthis way moss carpets are frequently
formed in the woods, or masses in bogs.

Moss Groups.—There are two general classes of mosses: (1)
SpuAGNUM forms are those which produce leaves without nerves,
and in which the sporogonium does not possess a long stalk or
seta. What appears to be the stalk is the prolongation of the
gametophyte stem which is known as the pseudodium or ‘' false
stalk.” These forms are characteristic of wet places. Some of
the group, as Sphagnum proper, form “ sphagnum bogs.” New
plants develop on top of the old, which latter gradually die and
finally pass into sphagnum peat, which forms thick masses and
finds use as a fuel. (2) The True Mossks are especially distin-
guished by the differentiated character of the sporogonium, which
not only produces a stalk but also the peristome (Fig. 45, p),
which when present is of great importance in distinguishing the
different species.

Economic Uses of Bryophytes.—The investigations on the
chemistry of the Liverworts and Mosses have not been very
numerous. The constituents which have been found are in the
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nature of tannin, resins, ethereal oils, glucosides, alkaloids, color-
ing compounds, and organic acids like citric, oxalic, tartaric, and
aconitic. In the mosses starch and silicon salts are found in
addition. Several species of Marchantia and Jungermannia are

F1G. 49. Longitudinal sections through tips of leafy branches of mosses. A, show-
ing antheridia (a, b) in different stages of development and paraphyses or cell-threads
(c), the apical cell of which is spherical and contains chlorophyll, and leaves (d, €); B, show-
ing archegonia (a) and leaves (b); C, section of Bryum showing both archegonia, and an-
theridia, paraphyses, and leaves; D, section of Phascum showing archegonia (ar), antheridia
(an), thread-like paraphyses (p), and leaves (b).—A, and B, after Sachs; C, after Limpricht;
D, after Hofmeister.

used in medicine. Of the mosses the following have been found
to have medicinal properties: Sphagnum cuspidatum, Grimmia
pulvinata, Funaria hygrometrica, Fontinalis antipyretica, and sev-
eral species of Polytrichum and Hypnum.
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PTERIDOPHYTES.

The Pteridophytes were formerly known as the VAscuLAr
Cryrrocams. Like the Bryophytes, these plants show a distinct
alternation of generations; i.e., the gametophyte or sexual genera-
tion alternates with the sporophyte or asexual generation. Their
relation is, however, somewhat changed. In the Bryophytes the
gametophyte is the most conspicuous and is looked upon as con-
stituting the plant proper, whereas in the Pteridophytes the
gametophyte is rather insignificant in size, while the sporophyte
constitutes the generation or phase which is ordinarily regarded
as the plant. In the higher members of the Pteridophytes the
sporophyte is entirely detached from the gametophyte and is able
to lead an independent existence. This group also shows a dis-
tinct advance in structure. There is a differentiation into root,
stem, and leaves, and the development of a system of conducting
tissue known as the VASCULAR SYSTEM.

The Pteridophytes include three principal groups, namely, (1)
Filicales or Ferns, (2) Equisetales or Scouring Rushes, and (3)
Lycopodiales or Club Mosses, which differ considerably in general
appearance and general morphological characters.

With the exception of the sperms in the Club Mosses, which
are biciliate and somewhat resemble those in the Bryophytes, the
sperms in the Pteridophytes are spirally coiled and multiciliate,
and according to the number of cilia of the sperms some writers
divide the Pteridophytes into two classes, namely, biciliate and
pluriciliate (Figs. 51, C,; 62, F).

Some of the Pteridophytes, as Selaginella (Fig. 60), are dis-
tinguished by the fact that they produce two kinds of asexual
spores, which are known respectively as microsrores (Fig. Go,
F) and MmEGaspores (Fig. 60, E). The two kinds of spores are
formed in separate sporangia, which organs may occur on the
same plant or on different plants. The sporangia have the cor-
responding names, microsporangia (Fig. 60, B, i) and megaspor-
angia (Fig. 60, B, g). This differentiation in sporangia and spores
also leads to a differentiation in the resulting gametophytes, the
microspores giving rise to gametophytes which produce antheridia,
and hence called male gametophytes; and the megaspores to
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gametophytes which give rise to archegonia, and hence called
female gametophytes. When a plant produces both microspores
and megaspores it is said to be IETEROSPOROUS, as in Selaginella
(Figs. 60, 62, and-63) ; while one that produces but one kind of
sporangium and one kind of asexual spores is said to be 1S0SPOROUS.
In this connection attention should be called to the fact that the
spores from a single sporangium of an isosporous plant may give
rise to male and female gametophytes, which shows that a certain
degree of differentiation in the spores has already taken place.
The causes leading to the differentiation of the spores seem to be

A

F16. 50. Male fern [Dryopteris (Aspidium or Nephrodium) Filix-mas]. A, prothallus
of gametophyte as seen from-the under (ventral) side showing archegonia (ar), antheridia
(an), and rhizoids (rh); B, prothallus showing young plant (sporophyte) which has devel-
oped from an oéspore and is still connected with the gametophyte, roots (w), and the first
leaf (b).—After Schenck.
connected with nutrition, those nuclei which are in more favorable
positions giving rise to larger and better nourished spores which
eventually lead to the formation of the megaspores, and those
which are less favorably placed leading to the microspores.

The subject of heterospory is one of great interest, and when
it is pointed out that all of the higher plants are heterosporous
the subject has even more interest.

FILICALES.

General Characters.—On germination the asexual spore in
the Filicales or Ferns gives rise to a thallus-like body known as
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the prothallus which is frequently dorsiventral and in a number
of cases somewhat heart-shaped, but varies considerably in out-
line, being sometimes more or less tuberous. The prothallus is
frequently but a few millimeters in diameter, and the cells usually
contain chloroplasts. On the under or ventral surface rhizoids
are usually present (Fig. 5o, #h). The sexual organs usually
arise on the lower surface (Fig. 50), but they may develop on the
upper or dorsal surface or even laterally. A single prothallus
gives rise to both kinds of organs, unless stunted in its growth,
when it produces antheridia only.

FiG. 51. A, B, development of archegonia of a fern (Pteris) showing the neck (h),
the neck-canal cells (k), and odsphere (e).—After Strasburger.

C, development of antheridium in the Venus-hair fern (Adiantum Capillus-Veneris):
prothallus (p), antheridium (a), sperm (s), sperm mother cecll with starch grains (b);
I,immature state of antheridium, II, sperms developed, and III, discharge of sperm mother
cells and escape of coiled and pluriciliate sperms.,—After Sachs.

The antheridia either develop upon or are sunk in the tissues
of the prothallus. The archegonia (Fig. 51) are not flask-shaped
as in the Bryophytes. The venter containing the odsphere or egg-
cell (Fig. 51, ¢) is embedded in the thallus, the structure being
surmounted by a few-celled neck (Fig. 51, ). The inner cells of
the neck are known as canal cells (Fig. 51, k), and these at the
time of ripening of the egg swell and exit through the opening of
the archegonium, through which then the sperms enter, one of
which unites with the egg, thus effecting fertilization. The fer-
tilized egg or oGspore takes on a cellulose membrane.
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The odspore which is held in the venter of the archegonium is
not a resting spore, but germinates immediately and early differen-
tiates into the several organs (Fig. 52). These arise independently
and include a stem-bud (TFig. 52, ¢); a first leaf or cotyledon
(Fig. 52, b), so called because it does not arise out of the stem as
the later leaves do; a first or primary root (Fig. 52, w); and
a foot or haustorial organ (Fig. 52, f) whereby it obtains nutri-
ment from the prothallus (Fig. 52, pr). This latter organ is, how-
ever, only a temporary provision, for as soon as the root grows
out and penetrates the soil, it dies off and the sporophyte thus
becomes independent. The stems are frequently more or less con-

FiG6. 52. The brake fern (Pteris). A, differentiation of cells in germinating oéspores;
B, later stage showing development of embryo: pr, prothallus; f, foot embedded in the
archegonium (aw); w, root; s, young stem; b, young leaf.—A, after Kienitz Gerloff; B,
after Hofmeister.

densed and lie prostrate in the soil, developing roots from the
under surface and leaves from the sides and upper surfaces. The
leaves which constitute the conspicuous part of the ordinary ferns
consist of a stalk and lamina or blade on which are borne the spor-
angia (Figs. 53 to 55). The sporangia usually occur on the
under surface of the leaf in groups or clusters known as SORI
(Fig. 53, A). The sori are of characteristic shape and in certain
species are covered by a plate called the inpustum (Iig. 53, B)
which rises from the epidermis. In some species the entire leaf
becomes a spore-bearing organ, and is then known as a Sroro-
puvLL (Figs. 54, 55), to distinguish it from the foliage leaves.
The sporangia develop a row of cells around the margin consti-
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tuting what is known as the aANNuLUs (Fig. 53, n). The form of
the annulus determines the manner of dehiscence of the sporangia,
which occurs on drying. The spores are ejected with consider-

F1G. 53. Male fern [Dryopteris (Aspidium or Nephrodium) Filix-mas]. A, portion
of leaflet showing a number of more or less reniform sori near the mid-vein; B, transverse
section through a ripe sori showing clusters of stalked sporangia, which are covered by
the indusium (i), an outgrowth of the leaflet; C, a closed but ripe sporangium showing the
annulus or ring (n), and the irregular-shaped spores within; D, showing the manner of
bpening of the mature sporangium and the dispersal of the spores; E, two spores much
magnified.—After Dodel-Port.

able force (Fig. 53, D). They (Fig. 53, E; Fig. 57) are either
bilateral or tetrahedral and require a short period to elapse before

they germinate. They retain their vitality for a long time, except
those which are green, i.e., contain chlorophyll. The spores are
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greenish or yellowish in color, variously sculptured, and vary
from 0.025 mm. to 0.158 mm. in diameter.
Fern Groups.—There are a number of distinct groups of
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FI1G. 54. Several Osmundas. 1, the royal fern (O. regalis) showing fertile tip of
branch and sterile bipinnate leaflets below; 2, Clayton's fern (0. Claytoniana) showing
three pairs of fertile leaflets in the middle and a number of sterile leaflets above and below;
3, cinnamon fern (0. cinnamomea) showing a fertile leaf (sporophyll) to the left and a sterile
leaf (foliage leaf) to the right.

[

ferns which vary considerably in appearance. (1) In the Tropics
as well as in greenhouses TREE FERNS, characterized by an over-
ground stem, occur. The leaves arise at the summit of the stem
or trunk and form a crown.
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(2) The True FERNS include by far the largest number of
species which inhabit temperate regions. These vary consider-
ably in size, ranging from quite diminutive plants 5 to 12 cm. high,
as the slender Cliff Brake (Pellea atropurpurea and the variety

SN

F1G. 55. Different types of Ferns and fern allies. 1, fertile and sterile leaves of slender
cliff brake (Pellea Stelleri); 2, ebony spleen-wort (Asplenium platyneuron); 3, rhizome
with two leaves of the common polypody (Polypodium vulgare); 4, maiden-hair spleen-
wort (Asplenium trichomanes); 5, ternate grape-fern (Botrychium ternatum), showing the
tripinnate sterile leaf on the left and the upright sporophyll on the right; 6, walking fern
(Camptosorus rhizophyllus) showing a new plant developing from the tip of one of the leaves;
7, fertile and young sterile leaves of ostrich fern (Onoclea Struthiopteris).
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cristata) and maiden hair spleenwort (Asplenium Trichomanes),
to plants several feet high, as in the several species of Osmunda
(Fig. 54), ostrich fern (Fig. 55), etc. This group is chiefly
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FI1G. 56. A, transverse section of stipe of Dryopteris marginalis: E, epidermis; H,
hypodermis of collenchymatous cells; P, parenchyma containing starch; V, fibrovascular
bundle; S, sieve; T, trachez; N, endodermis surrounding each bundle. B, transverse sec-
tion of stipe of Osmunda Claytoniana: H, hypodermis of lignified sclerenchymatous fibres;
N, endodermis surrounding a large central fibrovascular bundle; Tn, tannin cells.

characterized by the underground or prostrate stems, known as
rhizomes, the part of the plant that is seen above ground being

the leaf.
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(3) There is also a group of ferns known as WATER FERNS
which are aquatic in habit; that is, they live in marshy places or
float on water. As representatives of this group may be men-
tioned Marsila, from whose slender rhizome that is buried in the

Fi1G. 57. Some fern spores. A, B, C, different views of the bilateral spores of the
common polypody (Polypodium vulgare), showing outer wall (ep), middle wall (ex), inner
wall (end) and line of dehiscence (dl); D, a tetrahedral spore of the royal fern (Osmunda
regalis); E, F, spores of Ceralopteris thalictroides seen in two views.—A-D, after Sadebeck;
E-F, after Kny.
muddy bottom of streams arise the clover-like leaves that
float on the water (Fig. 59); and Salvinia (Fig. 58), which is a
small floating plant that develops two kinds of leaves, one which

float on the surface of the water and are more or less oblong, and
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Fi1G. 58. A water fern (Salvinia matans). A, a plant seen from side and showing
floating leaves at top attached to the horizontal stem, root-like finely divided leaves beneath,
and a cluster of globose sporocarps; B, a view from above showing especially the character
of the upper leaves; C, young plant developing from a megaspore (msp).—A and B, after
Bischoff; C, after Pringsheim,
another which are filiform, branching, root-like, and submerged.
The water ferns are further distinguished by the production of
megaspores and microspores.

(4) The Apper’s ToNGUE Faminy, to which Ophioglossum
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and Botrychium belong, develops a subterranean prothallus which
is destitute of chlorophyll. The prothallus is in some cases tube-
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F1G. 59. Marsilea gquadrifolia (from Bantam Lake, Conn.), a submersed or emersed
aquatic plant belonging to the Marsileacez, a family of the Pteridophytes. Of the forty
different species, only two or three are found in the United States. It produces long, slender
rhizomes, which are buried in the muddy bottoms of shallow lakes or streams and from
which arise the leaflets which float on the surface. The leaves are on long, slender petioles
and g-foliate, the leaflets being mostly triangular-obovate. In Marsilec quadrifolia, a
European form growing in Connecticut and Massachusetts and frequently cultivated, the
leaves are nearly glabrous, while in M. vestita, a form found in shallow ditches in the
Southern States, the leaflets are usually hairy. This character is quite marked in the spor-
ocarps of the two plants.—After a photograph by Henry Troth.
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rous, and the sporophyte produces two kinds of leaves, namely,
foliage leaves, and fertile leaves or those which bear the sporangia.
The sporangia occur on lateral branches of the sporophyll and
open at maturity by means of a horizontal slit.

Ferns Used in Medicine and as Foods.—Many of the ferns
contain tannin, a brownish coloring principle, and in addition
an anthelmintic principle. They may also contain ethereal oils,
starch, coumarin, aconitic acid, and other principles. A large
number have been used in medicine, of which the following may
be mentioned : Dryopteris (Aspidium or Nephrodium) marginalis
and D. Filix-mas, yielding the official Aspidium. A number of
other species of Aspidium, as well as species of Adiantum, As-
plenium and Polypodium, are also used in various parts of the
world. The rhizomes of some of the ferns contain considerable
starch and are used to some extent as foods, as Pteris esculenta of
China ; Pteridium aquiliana var. lanuginosa of the Canary Islands;
Aspidium varium and Asplenium bulbosum of Cochin China.
Polypodium vulgare contains a substance related to glycyrrhizin.
Adiantum pedatum and Polypodium Phymatodes are said to con-
tain coumarin, the latter plant being used in perfumery.

EQUISETALES.

The Horsetails, or scouring rushes (Equisetums), are peren-
nial plants containing a large amount of silica in their tissues.
Like in the ferns, the more or less branching, creeping rhizome
persists from year to year, sending out each year new shoots. As
in some of the ferns, it develops two distinct kinds of leaf-shoots, a
fertile and a sterile one, each of which is distinctly jointed. The
scale-like leaves are arranged in circles about the joints or nodes,
the work of photosynthesis being carried on by the green stems.
The fertile branch develops at the apex a group of sporophylls
known as a cone or strobilus. The archesporium, or initial spore-
producing zone, is unilocular. In Equisetum, the only representa-
tive of the group, the spores are spherical and each is furnished
with two spiral bands or elaters which assist in its dispersal. Some
of the Equisetums contain aconitic acid and are used in medi-
cine. Common scouring rush (Equisetum hyemale) is used for
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polishing woods, and Equisetum arvense is used for scouring
tinware.

LYCOPODIALES.

The Lycopodiales, or Club Mosses (TFig. 66), are perennial
moss-like plants, with more or less erect or creeping and branching
stems, on which are borne numerous small simple leaves. The
sporangia arise either at the base of the upper surface of the leaves
or occur in terminal cones. They have short stalks, are uni-
locular and 2-valved. The asexual spores are of one kind in
Lycopodium and in the form of spherical tetrahedrons, resulting
from the manner in which division has taken place (see Vol. IT).
In Selaginella (Fig. 60) two kinds of asexual spores are produced,
that is, both microspores and megaspores, which in turn give rise
to male and female prothalli respectively. The microspore develops
a male gametophyte (Iig. 62) which remains entirely within the
spore, and consists of a few-celled prothallus and a number of
mother cells which produce sperms that eventually escape by the
breaking of the wall.

The megaspore frequently begins to develop the gametophyte
(Fig. 63) while still within the sporangium. The prothallus con-
sists of a number of cells and partly protrudes through the rup-
tured spore wall. On the upper part of the prothallus or nutri-
tive layer a few archegonia are borne. It should be stated that
sometimes the archegonia are developed very early on the pro-
thallus tissue, but usually they are developed after the spores
have escaped from the sporangium. After fertilization of the egg
a multicellular embryo develops which shows the following parts
(Fig. 61): (1) An elongated cell or row of cells which extends
into the tissues of the prothallus for the purpose of obtaining
nutriment; (2) a root; and (3) a stem bearing at its tip two
leaves, or cotyledons. One of the specially notable characters
of the plants of the Selaginella group is, as we have seen, the
great reduction in size of the gametophyte, which in the case of
the microspore does not enlarge beyond the wall of the spore, and
in the case of the megaspore only partly protrudes beyond its wall.

Isoetes.—This is a genus of aquatic or marsh plants known

7
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as quillworts. The plants produce a number of filiform roots
which penetrate the mud, and a compact tuft of rush-like leaves.
The plants are heterosporous, as in Selaginella. The sporangia
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F1G. 60. Selaginella helvetica. A, sporophyte consisting of leafy branches giving
rise to microsporangia (i), megasporangia (g), and rhizoids (r); B, longitudinal section of
portion of branch showing a megasporangium (g) with 3 megaspores in view, a microspor-
angium (i) containing microspores; C, a young microsporangium showing free mother cells
before formation of tetrads; D, tetrahedral division of spore mother cell; E, ripe megaspore;
F, four microspores of tetrad separated; G, microsporophyll seen from above showing ripe
microsporangium.—After Dodel-Port.

are borne in the axils of the leaves, the outer leaves bearing the
megasporangia and the inner leaves the microsporangia. The
gametophytes consist of but a few cells. While the group is het-
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erosporous and the gametophytes resemble those in Selaginella, the
sperms are multiciliate and coiled as in the Ferns.

Distribution and Uses of Lycopodiales—A number of the
Lycopodiums are common on rocks, damp woods, sandy bogs,
and illustrations of several of these are shown in Fig. 66. Some
tropical species are used in medicine; the spores of Lycopodium
clavatum, on account of their fixed oil, are used as a dusting
powder, and for burning in the production of flash lights (see
Vol. II). The Selaginellas, of which there are several native
species, are commonly used for decorative purposes. Some species

Fic. 61. Longitudinal section of young embryo of a Selaginella before separation
from the prothallus: et, suspensor; w, root; f, foot; bl, cotyledons; lig, ligules or bud scales.
—After Pfeffer.

are, however, also used in medicine, and it is interesting to note
that the spores of one species (Selaginella selaginoides) are used
like those of Lycopodium.

While the Pteridophytes do not form a very conspicuous por-
tion of the flora at the present time and yield but few products
of use to man, it may be pointed out that in former ages they
formed the dominant vegetation of the earth. Many of the
ancestral forms of this group attained the size of trees and made
up the forest vegetation during the Devonian and Carboniferous
Ages, the latter being sometimes spoken of as the age of Pterido-
phytes. It is also called the Coal Age from the fact that the coal
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measures were chiefly laid down during this period. By some it is
thought that the deposits of coal of this age were probably prinei-
pally formed from the remains of certain marsh plants including
two extinct groups of huge, tree-like club mosses (Lepidodendron
and Sigillaria) and the Calamites, representatives of the scouring
rushes.

SPERMOPHYTES.

The Spermophytes, or Seed Plants, constitute the third of the
great divisions into which plants are divided. The plants belong-

F1G. 62. Successive stages in the germination of the microspores of a Selagineilas
p and w, cells of the prothallus; s, cells giving rise to sperms. A, B, D, views of spores from
the side; C, view from the back; in E, the cells surrounding the sperm mother cell are dis-
organized; F, two biciliate sperms.—After Belajeff.
ing to this division not only form the most conspicuous feature of
the flora because of their size and general distribution, but also
because of the fact that they produce flowers renders a large num-
ber of them especially attractive. The plants of this group are also
of great importance from an economic point of view. They fur-
nish a large part of the food of man and other animals, as well as
materials for clothing, shelter, fuel, and divers other purposes.
In this group of plants there are the highest differentiation of tis-
suies and the most complicated structure. The one character which
especially distinguishes them from the lower groups of plants
is that of the production of seeds.
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The plants have for the most part well-differentiated stems
and leaves, and represent the sporophyte or asexual generation.
The sporophyte produces sporophylls which are of two kinds,
namely, megasporophylls and microsporophylls. The megasporo-
phylls bear small ellipsoidal bodies known as ovules, which develop
into seeds. The megasporangium is not separate and distinct in
the spermophytes as it is in Selaginella, but is embedded within an
ovule and corresponds to that part of the ovule known as the
nucellus. The nucellus encloses the embryo-sac, which is regarded
as a megaspore (Figs. 70, 71, and 81). Each megasporangium
(nucellus) therefore contains but a single megaspore, whereas in
Selaginella the megasporangia contain from 1 to 8 megaspores.
The microsporophyll bears microsporangia (pollen sacs) which
contain microspores (pollen grains). The female gametophyte in
the Spermophytes is still more limited in its development than
even in the highest Pteridophytes (as Selaginella and Isoetes)
and remains wholly within the megaspore or embryo-sac. As a
result of fertilization of the egg-cell an embryo is produced which
consists of root, stem, and one or more cotyledons and which with
the integuments covering it constitutes the seed.

Spermophytes embrace two well-defined groups, namely, (1)
Gymnosperms, or naked-seeded plants, and (2) Angiosperms, or
enclosed-seeded plants.

GYMNOSPERMS.

In the Gymnosperms the ovules, each of which contains a
megasporangium (nucellus), are borne on an open sporophyll
(carpel), and thus are exposed, as are also the seeds developed
from them. In the Angiosperms the ovules are borne within
closed sporophylls, and are thus protected or covered until the
seeds, which develop from them, mature.

The Gymnosperms represent an ancient group of plants and
were more numerous during the Triassic period than now. They
are mostly shrubs and trees, and do not shed their leaves period-
ically as the Angiosperms do, and hence are known as “ever-
greens.” As in some of the Pteridophytes (Lycopocium, Equi-
setum), the sporophylls occur in groups forming cones or strobiles
(Fig. 72). They not only differ in external appearance from the
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Angiosperms but also in the anatomical structure of the stem,
which is without large conducting vessels. In order to understand
the relation of the Gymnosperms to the Pteridophytes on the one
hand and to the Angiosperms on the other, it will be necessary to
consider briefly the life history of a representative group, such as
the Coniferz.

General Characters.—The seed consists essentially of three
parts, namely, a woody or leathery seed-coat, a nutritive layer
rich in oil known as the endosperm, and a straight embryo. The
latter is a more or less differentiated plantlet, consisting of a stem

F1G. 63. The female gametophyte of a Selaginella; prothallus (pr) projecting through
the ruptured wall (spm) of the megaspore; ar, sterile archegonium; embi, embs, two embryos
embedded in the tissue of the prothallus; et, et, suspensors.—After Pfeffer.
with a varying number of cotyledons or first leaves (2 to 16),
and a small root which is attached to a suspensor, as is the embryo
in Selaginella (Fig. 63). When the embryo begins its develop-
ment into the plant it uses up the nourishment with which it is
surrounded in the endosperm, and as it increases in size the seed-
coat is split. The root then protrudes and the cotyledons, to some
of which the seed-coat is still attached, are carried upward by the
stem through the surface of the soil, when the seed-coat is cast
off and the plant begins an independent existence. The first root
is the primary or tap root, and from this are sent out numerous
branches known as secondary roots, constituting a well-developed
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root system which serves the double purpose of absorbing nutri-
ment from the substratum or soil and holding or fixing the plant
in its upright position. The embryonal stem grows vertically
upwards, continuing its growth indefinitely. Lateral branches
arise at more or less regular intervals which extend from near the
ground to the apex, the younger branches continually succeeding

F1G6. 64. Bijrd’s Nest Moss (Selaginella lepidophylla). A, the plant growing in a
moist situation or upon the addition of water; B, the habit of the plant under dry conditions,
it unrolling and becoming as (A) upon the addition of water. This plant is also known
as Resurrection plant and Rose of Jericho, the latter name is more correctly applied to
Anastatica hierochuntica, a cruciferous plant of the East Mediterranean and Egypt, the
stems on drying becoming folded together and the whole plant being scattered by the wind.
The Bird's Nest Moss grows in Mexico and western Texas, and in the rolled-up condition
(B) is found occasionally in commerce and is used as a table decoration. It has the advan-
tage that even though it dries out, it may be renewed many times.—After Hieronymus
in Engler and Prantl.

the older ones from the ground upward, thus giving the trees
a cone-like outline. The leaves arise on the branches and are of
two kinds, primary leaves which are more or less scale-like and
deciduous, and secondary. leaves which are true foliage leaves,
and are usually quite simple in structure. The leaves vary in
form but are usually narrow and somewhat thickened, giving
them a needle-like appearance.
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In addition, sporophylls (spore-bearing leaves) are formed at
the ends of the young shoots or in the axils of more mature ones

F16. 65. A piece of slate from the coal formation in Shenandoah, Pennsylvania, showing
a fossil fern which is probably a species of Neuropteris.

(Fig. 69). These are compactly arranged; forming cones or stro-
bili which are always of two kinds and borne on different twigs
of the same plant or on different plants. The staminate cones
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consisting of microsporophylls (stamens) are more or less elon-
gated and cylindrical or ovoid (Fig. 69, A). The carpellate
cones consisting of megasporophylls (carpels) have a shorter
longitudinal axis, and the cones vary considerably in the different
groups (Fig. 72).

F1G. 66. Several species of Lycopodium. 1, Ground pine (L. ohscurum) showing a
leafy branch with one strobile at the apex; 2, a branch of trailing Christmas green (L.
complanatum) bearing four or five strobiles at the apex of long dichotomously branching
stalks; 3, club moss or running pine (L. clavatum) with a branch bearing four strobiles;
4, shining club moss (L. lucidulum) with small sporangia borne in the axils of the leaves.

The Microsporophylls (Fig. 69) are usually of a yellowish-
brown color, and consist of a slender stalk and a lamina which
bears the microsporangia (pollen sacs) on the lower or dorsal
surface (Fig. 60, B, C). In this they show a resemblance to
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Fic. 67. White Pine, also called Weymouth Pine, (Pinus Strobus).—From a photograph
by Mr. C. J. Hibbard in ** Minnesota Trees and Shrubs."
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ferns where the sori are borne on the under surface of the leaves.
The microsporangia vary in number from 2 to 13, and are pro-
tected in various ways, either being sunk in the tissues of the sporo-
\phyll, as in Pinus and Abies, or they are, as in Juniperus and
1Thuja, provided with a covering resembling the indusium of the
wsori of the ferns. The walls are variously thickened and on drying,

F1G. 68. Pinus refiexa. Transverse section of a portion from the inner face of the
spring wood showing a schizogenous resin duct or passage with the central canal (C) and
the thin-walled and resinous epithelium (ep); with parenchyma tracheids (t), the spring
wood (Sp. W.) and the summer wood (S. W.).—After Penhallow.

The Coniferz represent the most ancient group in which resin Dassages or reservoirs
are found. While these passages show certain important variations in structure and origin,
and while even in certain genera of the group, as in the genus Pinus, they exhibit consider-
able variation in detail, yet in this genus they are all of the same structural type as in Pinus
reflexa, the white pine of the high mountainous regions of New Mexico and Arizona. The
epithelial tissues are thin-walled and readily broken in making sections except in the hard
pines as the Loblolly pine (P. Teda), where tha cells often become strongly resinous. (See
Penhallow’s ‘““Manual of the North American Gymnosperms.”’)

owing to unequal tension, the sacs are ruptured longitudinally
and the spores scattered. The microspores are very numerous,
sometimes forming powdery deposits. They are either 1-celled

or 3-celled. In the latter case two lateral cells act as wings for
the dispersal of the spores by the wind (Fig. 69, D).
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The Megasporophylls consist of sessile carpels (leaves) on
which are borne one or two naked ovules containing the sporangia
(nuclei). In certain groups, as in the pines, balsams, etc., a
scale is formed at the base of the carpel which bears the ovules,
and this scale is called the seminiferous scale. The ovules con-
sist of several parts (Figs. 70 and 71) : a stalk; an integument or
wall which has an opening at the apex known as the micropyle;
a nucellus (megasporangium), being that portion next within the

FiG. 69. A, longitudinal section of cone composed of microsporophylls, of one of the
pines; B, longitudinal section of microsporophyll showing microsporangium (pollen sac);
C, the same in transverse section showing both microsporangia; D, winged microspore
(pollen grain), with a two-celled male gametophyte, the upper cell being the generative
cell, the remaining nucleated cell giving rise to the pollen tube.—After Schimper.
integument ; and embedded within the nucellus a portion known
as the megaspore or embryo-sac.

Gametophytes.—The development of the gametophytes from
the asexual spores, namely, the microspore or pollen grain, and
the megaspore or embryo-sac, is as follows: The nucleus of the
megaspore divides repeatedly (Fig. 71), cell walls are formed,
and a multicellular structure known as the ENDOSPERM is pro-
duced. This structure constitutes the prothallus of the female
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gametophyte (Fig. 70, E; Fig. 71). In the upper portion of the
prothallus (that is, at the micropylar end), three to five archegonia
are formed (Fig. 70, a; Fig. 71), which are separated from one
another by cells of the endosperm or prothallus, which are rich in
protoplasm, The structure of the archegonium is much like that

F1G. 70. Longitudinal section of an ovule of a spruce (Picea): i, integument; nc,
nucellus (megasporangium); e, embryo-sac (megaspore) which has developed the female
gametophyte consisting of endosperm (e), two archegonia (a), which show the neck (c),
and the egg (n); p, germinating pollen grains (microspores) with pollen tubes (t) which
have penetrated the nucellus (nc) and reached the neck cells of the archegonia.—After
Schimper.

of the preceding group, consisting of a venter which contains the
egg, and a short neck composed of 4 to 8 cells.

The male gametophyte begins to develop while the poilen is
still in the sporangium. At this stage it consists of a generative
cell and a wall-cell, which constitute the antheridium, the cells of
the prothallus being usually suppressed (Fig. 69, D).

In addition to the extreme minuteness of the gametophytes
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we have also to note the character of the male gamete or sperm.
With the exception of the Cycads and Ginkgo, motile sperms are

F16. 71. Development of gametophyte and embryo in one of the Conifere. e, em-
bryo-sac (megaspore); a, archegonium; h, neck of archegonium; i, integument; p, pollen
tube; n, nucellus; f, wing of seed; g, fibrovascular tissue; kz, canal cells of archegonium;
ka, beginning of embryo; k, nuclei; ws, tip of root; wh, root-cap; ¢, cotyledons; v, point of
growth of stem; s, suspensor.

I, early stages of embryo-sac (e); II, young archegonium (a) after development of
neck cells (h), cell lumen (1); III, section of ovule with portion of attached seminiferous
scale (f) showing entrance of pollen tube; IV, embryo-sac with two developed archegonia;
V, archegonium after fertilization, there being four nuclei at the lower part, only two of
which are seen; VI, further development of embryo; VII, VIII, IX, X, showing develop-
ment of large tortuous suspensor, to which is attached the young embryo (ka); XI, XII,
mature embryo —After Strasburger.
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not found in the Gymnosperms, but these are represented by two
male nuclei which are transferred directly to the archegonium
from the male gametophyte, formed through germination of the
microspore (pollen grain). It may be recalled that in the Pteri-
dophytes the motile sperms are discharged from the antheridium
and carried by the agency of water to the archegonium, but in the
Gymnosperms water is no longer a medium of transferral. The
microspores themselves are carried to the ovules usually through
the agency of wind, after which they germinate, developing a tube
which carries the male nuclei directly to the archegonium without
their ever having been free.

The transferral of the microspores or pollen grains to the
ovule is known as pollination. After pollination the wall-cell de-
velops a tube, the pollen tube, and the generative cell gives rise
to two male nuclei, which, with the remaining protoplasmic con-
tents of the antheridium, are carried by the pollen tube to the
micropyle, which it enters, penetrating the tissue of the nucellus
(Fig. 70, t). On reaching the neck of an archegonium the pollen
tube pushes its way down into the venter, where it discharges
one of the sperm nuclei, which unites with the egg, forming an
oOspore. Cessation in growth does not yet take place and the
oOspore develops into the embryo already described. The develop-
ing embryo obtains its nourishment by means of a suspensor
(Fig. 71, s), which also places the embryo in a favorable position.

There being several archegonia in an ovule (Figs. 70, 71), a
corresponding number of embryos may be formed, but rarely
more than one survives. While the embryo is developing, the
other tissues of the megaspore are likewise undergoing changes
leading to the maturity of the seed. The carpels and seminifer-
ous scales also continue to grow, and they usually become more or
less woody, forming the characteristic cones of the pines (Fig.
72), but may coalesce and become fleshy, producing the berry-like
fruits of Juniper (Fig. 75). The seed on germination gives rise
to the sporophyte (tree).

Groups of Gymnosperms.—There are several important
groups of Gymnosperms: (1) The Cycads or Fern Palms,
which are characteristic of tropical and sub-tropical countries.
The trunk does not branch as in the ordinary evergreens, and
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F16. 72. Cones of some of the Conifer=. A, branch of Spruce Pine (Pinus echinata)
with two cones; B, from Pitch Pine (Picea excelsa); C, from Great Sugar Pine (Pinus Lam-
bertiana); D, from Black Spruce (Picea mariana); E, from the California Silver Fir (Abies
magnifica); F, from Loblolly or Frankincense Pine (Pinus Teda); G, branch of Pitch or
Torch Pine (Pinus rigida).
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the leaves form a crown at the summit of the stem or trunk.
An important character of some of the Cycads is the production
of multiciliate sperms, as in the ferns, Equisetum and Isoetes.
(2) The Ginkgonacea (to which belongs the Ginkgo or Maidenhair
Tree, which is extensively cultivated in China and Japan and is
found wild in China. It is very widely cultivated in this country,
owing to its ornamental foliage; the staminate tree is preferable,
as the seeds of the pistillate tree have a very offensive odor. The
triangular shaped leaves occur in fascicles and the seeds are
berry-like. (3) The Coniferae is by far the most important group
and consists of two families, the Taxacex and the Pinacex. To
the Taxacez belongs Taxus, or yew, a low tree bearing flat, linear
leaves and a seed which is exposed and surrounded by the scarlet,
fleshy, aril-like disk or scale.

To the Pinacez belong most of our important Gymnosperms.

Pinus (Pine) is the most important genus (Figs. 67, 73, and
74). It is characterized by having needle-like leaves arranged
2 to 5 in a fascicle. The cone of the pine is usually woody, and
upon becoming dry splits open so as to release the winged seeds.
Perhaps the most valuable member of this genus is the white pine
(Fig. 67) which is found throughout the northern half of the
United States east of the Mississippi River. Its timber is light
brown or reddish, soft and fine-grained, but not very strong.
It is used extensively in rough building construction.

Pinus palustris, or long-leaved pine, is one of the most valuable
members of this group. Itis the chief source of the terebinthinous
products of this country, and its wood contributes no small part
to the lumber industry. The long-leaved pine is tall, straight, has
a thin-scaled bark and a very hard, resinous wood. The stem
separates near the summit into several diverging branches, giving
the tree a flattened top. The leaves are in threes, rarely in fours,
from 10 to 15 inches long, and the cones are 6 to 10 inches long,
the scales being armed with short recurved spines. Other pines
yielding turpentine are Pinus Teda, loblolly pine; Pinus hetero-
phylla, Cuban or swamp pine ; Pinus echinnata, short-leaved yellow
pine.

Tsuga canadensis (Hemlock) is a common tree of eastern
North America (Fig. 73). It attains a large size, and the delicate

8
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F1G. 73. Leaves and cones of Balsam Fir ¢Abies balsamea), Larch (Larix laricina),
Douglas Fir or Douglas Spruce (Pseudotsuga taxifolia), White Pine (Pinus Sirobus), Hem.

lock (T'suga canadensis), Spruce (Picea mariana), and Jack Pine (Pinus Banksiana).—From
“‘Minnesota Trees and Shrubs.”
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spray of its branches gives it a delicate beauty. Although its lum-
ber is not very strong nor durable, it is extensively used. The
bark is also used to an enormous extent in the manufacture of
heavy leather. In recent years many tanneries have been built in
the hemlock districts so as to be near the supply of bark. For
the finer grades of leather the hemlock bark is mixed with that of

T Atrobus

P Darksiana

/

P silvestris

F1G. 74. Cross-sections of leaves of six different species of Pinus, showing in the
diagrams the variation in the shapes of the cross-sections, with the distribution of the oil
reservoirs, and beneath each an enlarged view of the epidermal layer and underlying tissues.
—From ‘‘Minnesota Trees and Shrubs.”

T morfana

the oak, in order to avoid the reddish color produced by the
former. ™

Another important genus is Juniperus. The red cedar (J. vir-
giniana, also called Sabina z)frginiana) or savin is a tree producing
valuable fine-grained soft and durable wood which is used exten-
sively in making chests, pails, posts, etc. It is interesting to note
that this tree, which is frequently planted to form windbreaks,
develops the fungus Gymnosporangium in the form of cedar
apples, which in the zcidial stage produce the leaf rust of apple.
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The berries of the common juniper (J. communis) are sweet and
fleshy and are used medicinally as a diuretic and also in the

manufacture of gin.

F1G. 75. A branch of Red Cedar \Juniperus virginiana) with numerous berry-like cones.
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Economic Uses of the Coniferee.—From an economic point
of view the Conifere are by far the most important group of
plants thus far considered. In fact, they may be ranked first in the
production of valuable timber. Of those yielding timber the
following species may be mentioned : White pine ( Pinus Strobus) ;
long-leaved, yellow, or Georgia pine (Pinus palustris Mill);
spruce pine (Pinus echinata) ; the Redwood of Upper California
(Sequoia sempervirens) ; pitch pine of New Mexico (Pinus pon-
derosa) ; the Scotch fir, the common pine of Europe (Pinus sylves-
tris). Some of the woods are adapted for special purposes: as
that of Pinus Celubra of the high mountains of Europe and
Northern Siberia, which is excellent for wood-carving ; red cedar
(Juniperus virginiana) (Fig. 75) used in the making "of cigar
boxes and lead pencils; balsam fir (Abies balsamea) used in the
manufacture of wood pulp.

By reason of the oleoresinous constituents the woods of some
of the Conifere are among the most durable known. A few
years ago Jeffrey examined a specimen of Sequoia Penhallowii
which was obtained from auriferous gravels of the Miocene in
the Sierra Nevada Mountains and found it to be in a very perfect
state of preservation. Penhallow (loc. cit.) considers this to be
the most ancient record of an uninfiltrated and unaltered wood.
Coleman, in 1898, found in the Pleistocene clays of the Don
Valley a specimen of red cedar (Juniperus virginiana) which not
only possessed all of the external characteristics of this species
but when sawed emitted the aromatic odor of the bark. In the
Pleistocene deposits of the western United States and Canada
are found more or less unaltered specimens of various species of
Juniperus, Pseudotsuga, Picea, and Larix.

Some of the pines yield edible seeds which have been used
by the Indians of Western America; as the edible or “ nut pine ”
of California and New Mexico (Pinus edulis) ; Pinus monophylla,
discovered by Colonel Fremont in Northern California; Pinus
Jeffreyi of Northern California; and Pinus Pinea of Europe, the
seeds of the latter being used like almonds and known as * pig-
none.” The seeds of Pinus Lambertiana (Fig. 72, C) of Califor-
nia are baked before being used as a food. This latter species is
also known as the sugar pine, as it yields a manna-like product.
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A manna is also yielded by Cedrus Libani and Larix decidua. The
latter is known as ‘ Briancon Manna,” and contains melizitose.
The bark of some species furnishes valuable tanning material, as
that of the hemlock spruce (Tsuga canadensis).

P16. 76. Fruiting twig of common Juniper (Juniperus communis), of Red Cedar or
Savin (Juniperus virginiana), and young twig of White Cedar or Arbor Vitae (Thuja occiden
talis).—From *‘Minnesota Trees and Shrubs."

The Conifera yield large quantities of volatile oils, resins, and
allied products which are used both in medicine and the arts.
A number of them yield turpentine (see Vol. II). Larix decidua
of the Alps and Carpathian mountains yields Venice turpentine.
Abies balsamea is the source of Canada turpentine or balsam of
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fir; Seudotanga mucronata or Douglass Spruce (Red fir) is prob-
ably the source of a balsam resembling Canada turpentine and
which is known commercially as Oregon balsam. Picea Mariana
or black spruce yields spruce gum, largely used in the manufacture
of chewing gum, and is also the source of spruce beer. Picea
excelsa or Norway spruce yields Burgundy pitch. Abies alba,
white fir or silver fir yields the Strasburg turpentine. Canada
pitch is the resinous exudation from the common hemlock
(Tsuga canadensis). Sandarac is yielded by Callitris quadrivalvis
found growing in Northwestern Africa. Volatile oils are yielded
by a number of the Conifere, of which the following may be
mentioned : Juniperus Sabina yielding oil of savin; Juniperus
communis yielding oil of juniper, both of which are used in medi-

F1G. 77. Microscopical view of fragments of wood found in the coal deposits of upper
Silesia, Prussia.——After Link, from article by Potonie on the origin of coal and petroleum
in Ber. d. d. pharm. Ges., 1907, p. 181.
cine. The remains of Conifere (Picea, etc.) are often found as
fossils, as the fossil resin amber, which is used in the arts, and
on distillation yields a volatile oil having medicinal properties.

ANGIosPERMS, General Characters.—They constitute the most
conspicuous portion of the flora, embrace the greatest variety of
forms, and are the most highly organized members of the plant
kingdom. They vary in size from diminutive plants like the
windflower to the giant oak which shelters it. They may accom-
plish their life work in a few months, as the common stramonium,
or they may persist for several hundred years, as the trees of our
primitive forests. They may inhabit dry desert regions, as the
Cacti and Chenopodiacez, or they may live wholly in water, as
the water lilies. In short, they show the greatest adaptability
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to their surroundings. But no matter how diversified they may
seem in form and structure, they agree in this with possibly one
exception, namely, mignonette, that the seeds are produced in a
closed carpel. This has been considered, as already indicated,
to be the chief difference between the Gymnosperms and Angio-
sperms.

The two groups are further distinguished by several other
important characters: (1) The carpel or carpels (megasporophyll)
is developed into an organ commonly known as a pistil (Fig. 78).
This organ consists of three parts, namely, ovary, style, and
stigma, the ovary enclosing the ovules. (2) In the Angiosperms
the megaspore (embryo-sac) develops a gametophyte which does

Fic. 78. A, longitudinal section through orange flower (Citrus Aurantium) showing
stalk (PE); sepals (s); petals (p); stamen with filament (F) and anther (A); compound
pistil (composed of united carpels) with stigma (T), style (Y) and superior ovary (O) with
ovules; disk or nectary (D). B, longitudinal section of a bud of clove (Caryophyllus)
showing inferior ovary (0), style (Y), stamens (F), petals (P), sepals (S), nectary (D).
not give rise to archegonia, but the egg arises directly from the
megaspore nucleus by a series of divisions. (3) The Micro-
sporophyll (stamen) differs considerably in structure and appear-
ance from that of the Gymnosperms. The stamen may be defined
as a leaf which bears sporangia (spore cases). It usually con-
sists of the following differential parts: filament and anther, the
latter consisting of pollen sacs (microsporangia) in which the
pollen grains (microspores) are developed (Figs. 78, 79, and 8o).
(4) In a large number of cases in the Angiosperms there is
developed in addition to the sporophylls or sporangial leaves
(stamens and pistils) another series of leaves known as floral
leaves (Fig. 78). The latter usually are of two kinds, known as
sepals and petals.
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The Development of the Two Generations, namely, the
sporophyte and gametophyte, is much the same in the Angio-
sperms as in the Gymnosperms; that is, the sporophyte consti-
tutes the plant body and what is commonly considered to be the
plant. The gametophytes are still more reduced than was the
case in the Gymnosperms, the male gametophyte consisting of
but two cells.

Beginning with the germination of the seed, we may outline
the life history of the plant as was done under Gymnosperms.
The seeds in the two groups are much alike, with the exception
that in the Angiosperms they usually have two integuments.
Within the Angiosperms two classes of embryos are distinguished,
which give rise to the most important division of this group of
plants. In the one case a single cotyledon is formed at the apex
of the stem, and all plants having an embryo of this kind are
known as MONOCOTYLEDONS, that is, plants having one seed leaf.
In the other case two cotyledons arise laterally on the stem and
opposite each other, and those plants having an embryo of this
type are grouped together as DICOTYLEDONS, or plants having two
seed leaves. In the monocotyledons the cotyledon is limited to one,
but in the dicotyledons the seed leaves are not limited in number
and there may sometimes be three or more.

The sporophyte which develops from the germinating seed
consists of the essential parts already given, i.e., root, stem, and
leaves. The leaves are of four kinds: (1) Foliage leaves, (2)
scale leaves or bud scales, (3) floral leaves, which in some cases
are wanting, and (4) sporangial leaves or sporophylls. Inasmuch
as the latter give rise to the gametophytes (male and female) the
development of the sporangia in each will be considered in detail.

The Microsporangia (pollen sacs) arise by the division of
certain cells under the epidermis of the anther (Fig. 79). This
process of division continues until four regions of fertile tissue
(sporangia) are produced (Fig. 79, D). The sporangia are
directly surrounded by a continuous layer of cells which consti-
tutes the tapetum or tapetal cells (Fig. 79, t), these being in the
nature of secretion cells and containing considerable oil. The
tapetum is in turn surrounded by a layer of cells which are
peculiarly thickened and which on drying assist in the opening
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of the anther and the discharge of the pollen, and this layer is
called the endothecium (Fig. 79, end). There is still a third or
external layer of cells, which constitutes the exothecium (Fig. 79,
ex). These four sporangial regions may remain more or less
distinct and separate at maturity, or the two on either side may
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F1G. 79. Development of pollen sacs (microsporangia) in several of the Angiosperms:
A, showing heginning of archesporium (a), an outer sterile layer (b), position of connective
(con); B, later stage showing development of fibrovascular tissue (gf); C, longitudina]
section of archesporium; D, E, F, successive later stages showing in addition pollen mother
cells (sm) and tapetum layer (t). G, H, diagrammatic sections of mature pollen sacs show-
ing pollen mother cells (pm), tapetum (t), endothecium (end), exothecium (ex), and in H
longitudinal dehiscence with formation of what appears to be a unilocular pollen sac on
either side of the connective.—A-F, after Warming; G-H, after Baillon and Luerssen.

coalesce. This latter usually occurs at maturity, when dehiscence
takes place, forming apparently a single pollen sac on either side
of the connective or axis (Fig. 79, H).

The Microspores (pollen grains) are developed somewhat
differently in Monocotyledons and Dicotyledons. In most mono-
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cotyledons the nucleus of each cell (pollen mother cell) making
up the archesporium divides into two nuclei, each of which takes
on a wall of cellulose. Each of these (daughter cells) in turn
divides, giving rise to four pollen grains. In dicotyledons (TFig.
80) the nucleus of a mother cell divides into four nuclei before
the walls are formed which separate the nuclei, thus giving rise
to the tetrad group of spores to which attention has already been
called (Fig. 60, D) under Bryophytes. The wall of each spore is
divided into two layers, an inner layer consisting of cellulose
known as the intine, which gives rise to the pollen tube on germi-
nation of the spore; and an outer layer somewhat different in

F1G. 80. Development of pollen grains (microspores) of garlic (Allium narcissiflorum):
‘a, pollen mother cell with nucleus; b, the same with homogeneous nucleus and a thicker
wall; c-e, changes in nucleus prior to division; f, formation of spindle with nuclear masses
in the center from which nuclear threads extend to the poles of the spindle; g, division of
nuclear substance and receding of it from the center of the cell; h-i, further stages in the
organization of the nuclear substance at the poles; k, formation of a wall between two
daughter cells; 1, beginning of division of one daughter cell; m-n, final divisions resulting
in the formation of a tetrad (group of 4 cells).—After Strasburger.
composition and variously sculptured, known as the exine. When
the spores are mature the original walls of the cells of the arche-
sporium dissolve and the ripe pollen grains are set free, forming
a yellowish powdery mass filling the pollen sac. In some cases
the spores of the tetrads hang together, or even the whole mass
of pollen tetrads may be more or less agglutinated, as in the
orchids and milkweeds, these masses being known as pollinia.

Male Gametophyte.—DBefore the dispersal of the pollen grains
or microspores, certain changes leading to the development of
the gametophyte have taken place (Fig. 81). The spore, as we
have seen, is unicellular. This divides into two cells: one, which i$
relatively small, known as the mother cell of the antheridium

(Fig. 81, v), and another, which, composed of the remaining
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nucleus with the surrounding cell-contents, constitutes the tube- or
wall-cell of the antheridium.

Development of Ovule and Megasporangium (nucellus).—
The ovule at first develops as a small protuberance on the inner
surface of the ovary, after which it differentiates into (a) a stalk
or funiculus by which it is attached to the ovary, the tissue to
which it is attached being called the placenta; and (b) an upper
portion which becomes the ovule proper. The differentiation of
the tissues is in a general way as follows: (1) The cells beneath
the epidermis in the apical portion of the ovule go to make up the
megasporangium (nucellus) ; (2) the peripheral cells from below
the nucellus give rise to the integuments ; and (3) while the integu-
ments are developing the archesporium or mother cell of the

T,

Fi1G. 81. Development of male gametophyte in an Angiosperm. I, pollen grain
{microspore) which has divided into the mother or generative cell (v) and a larger tube-cell
with nucleus (sk); II, appearance of pollen on treatment with osmic acid showing the
separation of the generative cel! (v) from the wall of the pollen grain; o,at the right giving
a view of the generative cell with the nucleus embedded in the hyaline protoplasm; III,
showing the development of the tube-cell into the pollen tube which contains the two male
cells (nuclei) or gametes formed by the generative cell.—After Elfving.

embryo-sac (megaspore) is being formed within the nucellus near
the apex.

Female Gametophyte.—The archesporium divides into two
cells, the lower one of which repeatedly divides, finally giving
rise to the embryo-sac which is sunk in the tissues of the nucellus.
The nucleus of the embryo-sac divides and redivides until 8 cells
are produced (Figs. 82 and 83), which are separated into the fol-
lowing groups: (1) Three of the cells form a group lying at the
apex, the lower cell of the group being the egg or egg-cell, the other
two cells being known as synergids or helping cells. (2) At the
opposite end of the sac are three cells, known as antipodal cells,
which usually develop a wall of cellulose and do not seem to have
any special function. (3) Near the centre of the sac are the two
remaining nuclei, which unite to form a single nucleus, from
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F1G. 82. Development of embryo-sac or megaspore in an Angiosperm. Ia, longi-
tudinal section through a young ovule. Ib, longitudinal section through a rudimentary
ovule before the formation of the integument, showing mother cell of the embryo-sac (mega-
spore) (em) and primary tapetal cell (t). II, later stage showing the two cells into which
the mother cell has divided, the nuclei of which are in the act of dividing. III, mother-
cell of the embryo-sac divided into four cells (sporogenous mass of cells); the lowest of these
cells (e) displaces the rest and becomes the embryo-sac in IV. IV, pek, is the primary
nucleus of the embryo-sac. V, two daughter cells resulting from the division of the nucleus
of the embryo-sac. VI, VII, show egg apparatus composed of two synergids (s) and the
odsphere (0), and antipodal cells (g). VIII, longitudinal section through a mature ovule
with the inner integument (ii), the outer integument (ai), the nucellus (n), the vascular
bundle (gf) entering the funiculus (f), and secondary nucleus in the embryo-sac (sek).—
After Strasburger.
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which after fertilization the endosperm is derived. The embryo-
sac, as it is organized at this stage, constitutes what is regarded
as the female gametophyte (Fig. 82). The undifferentiated
embryo-sac constitutes the megaspore, which latter, after germina-
tion or differentiation into egg-cell and other cells, constitutes the
gametophyte. It is thus seen that in the female gametophyte
of the Angiosperm archegonia are apparently not formed. The
gametophyte, then, consists of the cell group containing the egg
and the remaining portion of the embryo-sac, which latter may
be compared to a prothallus. This comparison is not difficult to
understand if we bear in mind the structure of the gametophyte
in the Gymnosperms, and particularly if we recall the structure
in Selaginella and other higher Pteridophytes.
Fertilization.—While in the Gymnosperms the pollen grains
are usually provided with wings so as to bring about their trans-
ferral to the carpel by the agency of the wind, in the Angiosperms,
on the other hand, the grains are not provided with wings, but
are adapted to the transferral by insects. Pollination, however,
may be also effected by the wind, as is the case with many of our
forest trees. After the deposition of the pollen grain on the stigma,
the tube-cell begins to form a tubular process (pollen tube) which
carries the male nuclei to the egg-cell (Fig. 83, 7). It pierces
the tissue of the stigma (Fig. 83, &) and traverses the style (Fig.
83, g) until it reaches the micropyle of the ovule, which it enters
(Fig. 83, m), then reaching the nucellus it penetrates this, enter-
ing the embryo-sac. The tip of the tube breaks and one of the
generative nuclei which has been carried downward unites with the
egg, after which a wall is formed, giving rise to an oospore. The
oospore develops at once into the embryo or plantlet as seen in
the seed, this stage being followed by a period of rest. In fact,
the young plant may lie dormant in the seed for years.
Development of Seed.—The steps in the development of
the mature seed occur in the following order (Fig. 84). The
obspore divides into two parts, an upper portion which gives rise to
the embryo, and a lower portion which by transverse segmentation
gives rise to a short suspensor (Fig. 84, v) which practically serves
the same purpose as in the Gymnosperms (page 111). The em-
bryonal cell develops the embryo, which consists of : (1)a root por-
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tion which is connected with the suspensor (Tig. 84, w) ; (2) one
or two cotyledons (Fig. 84, ¢) which are attached to the stem; (3)
a little bud at the apex of the stem which is known as the plumule.

While the embryo is developing, the nucleus of the embryo-
sac, either after fusing with the prothallial cell of the pollen grain,
or in the absence of such union, begins active division, forming,
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F1G. 83. Diagrammatic representation of fertilizationin an Angiosperm. d, floral leaves;

stamen consisting of filament (c) and anthers (a,b), one of which (b) has dehisced, exhibiting
numerous pollen grains; e, nectar-secreting bodies; pistil consisting of ovary (f), style (g),
and stigma (h). On the latter pollen grains (i) are germinating, the tube (1) of one of them
has penetrated the tissues of the stigma and style, and entered the foramen (m), or opening
of the ovule. The ovule consists of several parts: raphe (n), outer integument (p), inner
integument (q), chalaza (o), nucellus (s), embryo-sac or megaspore (t) with egg-cell (z),
synergids (v), antipodal cells (u), and the nucleus in the center which gives rise to the
endosperm.—After Sachs.
a highly nutritive tissue rich in starch, oil, or proteins, known as
the endosperm (see chapter on Seed). Simultaneously with the
development of the endosperm the nucellus may give rise to a
nutritive layer called the perisperm, or the tissues of the nucellus
may be modified and form, with the altered integuments or coats
of the ovule, the seed-coat.

Inasmuch as the Angiosperms furnish by far the larger pro-

portion of plants and plant products used in medicine, it is desir-
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able to give particular attention to the morphology of this group,
as also to the distinguishing characters of a number of the impor-
tant families.

Economic Importance.—As indicating the great usefulness to
mankind of the products obtained from the Angiosperms it will be
sufficient to merely mention that all of our garden vegetables as

F1G6. 84. Development of embryo in the shepherd’s purse (Capsella Bursa-pastoris).
I1-VI, various stages of development: Vb, apex of the root seen from below. 1, 1, 2, 2, the
first divisions of the apical cell of the pro-embryo (suspensor); h, h, cells from which the
primary root and root-cap are derived; v, the pro-embryo; c, cotyledons; s, apex of the
axis; w, root.—After Hanstein.

well as the great crops of cereals like wheat, corn, rye, etc.; edible
fruits and seeds ; textile products, such as cotton, flax, etc. ; medic-
inal products; timbers of various kinds, as oak, mahogany, walnut,
chestnut, cherry, etc., are furnished by this great group of plants.

EVOLUTION.
Contrary to a popular opinion, the idea of evolution is almost
as old as the human race. From the time when man began to
think about the things around him he could not help but see that
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The theory of evolution has as its basis the idea that the
existing species of plants and animals are the descendants of earlier
forms. It holds that there is an unbroken line of descent from
the beginning of life on the earth, but that during the long ages
the successive descendants gradually changed in appearance from
their ancestors until we find the forms of the present day.

Nearly all branches of biological science give evidence in
support of the theory of evolution. Embryology, for instance, has
shown that in its development the individual during its life, begin-
ning with the fertilization of the egg-cell, passes through a series
of stages which are thought to represent the same series of stages
through which the whole race before it passed. The develop-
ment of the individual (i.e., ontogeny) represents in a very brief
space of time the evolution of the race (i.e., phylogeny). In
other words, “ ontogeny epitomizes phylogeny.”

Another branch of science which is bringing forth new evi-
dence is the branch called paleontology. This subject has to do
with the study of fossil remains and with the time they existed
on the earth in the living state. It has been found that fossils from
the different series of formations that make up the earth’s outer
crust represent a regular advancement from the very simplest types
to those which are most complicated, right up to the most recent
forms. In not a single instance has a highly developed form been
found in a layer of rocks representing an early stage in the earth’s
history.

Every scientist of the present time, probably without exception,
believes in the theory of evolution, but there is a great diversity of
opinion as to how it should be explained. This diversity of
thought, instead of disproving the idea of evolution, is making its
truth more generally felt. The problem, then, which is confront-
ing the scientist is not to prove that evolution is a truth, but to
explain it; to show how new forms may arise from old ones,—
that is, to account for the origin of species. Among the many
explanations the following have become most conspicuous:

ENviRoNMENT.—It was naturally thought at first that the
natural conditions under which organic life developed must have
a certain effect upon the individual, thereby bringing about a cer- -
tain modification which would be transmitted in successively
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greater degree to those progeny living under the same conditions,
and so gradually give rise to a different species. This, of course,
assumes that any change induced by environment would be trans-
mitted to the offspring, to be retained so long as the environment
remained constant, an assumption which dis probably not far
from the truth. While it is admitted that changes in the environ-
ment may cause direct responses, yet it is doubtful whether they
are definite or permanent enough to produce new forms. Near
the end of the eighteenth century this explanation was supported
by Erasmus Darwin of England, St. Hilaire of France, and Goethe
of Germany.

Usk anp Disuse.—There is very little difference between this
explanation and the preceding one. Lamarck proposed, in the
early part of the nineteenth century, that the use or disuse of
organs would so modify them that the acquired differences would
be inherited by the offspring. But, here again, the proof depends
upon. the transmission of acquired characters, and this is now
almost disproved.

NaTURAL SELECTION.—In 1859 Darwin published his “ Origin
of Species by Means of Natural Selection,” and this single event
revolutionized science. In this book Darwin arranged an enor-
mous mass of facts gained through many travels, incessant obser-
vation, and prolonged experiments. He built up an argument in
such a convincing way as to immediately attract the attention of
the world, not only of scientists but of laymen. The theory of
natural selection has for its basis the idea that great competition
is continually taking place between individuals of the same species
and between the individuals of various species. This struggle for
existence results in the ““ survival of the fittest ” and the destruc-
tion of the unfit. The idea that two plants or animals from the
same parent might vary slightly, suggested the belief that the
one which was better equipped for the struggle for existence
would survive and so transmit its desirable characteristics to its
offspring, and that the unfortunate one would not survive and
its undesirable characteristics would thus be lost to the race.

The objections to the theory of natural selection are of various
kinds, but the most serious is probably the fact that it is hard to
conceive how a very slight difference in character can be of advan-
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tage in a life and death struggle. Necessarily when natural selec-
tion first begins to operate on two individuals the differences must
be only slight and hardly sufficient to give one of them such a vital
advantage over the other.

MuratioNn.—This explanation was offered in 1901 by Hugo
de Vries of Holland. The word mutation means a change. In
this sense it means a sudden change and has to do with the fact
that among the offspring of a certain individual may be found
one or more individuals markedly differing from the parent, so
much so as to be regarded in a few instances as a distinct species.
Moreover, these mutants, as they are called, continue to breed
true, thereby giving rise to what might very well be called a new
species. In the study of mutation many experiments have been
conducted by scientists and breeders.

MEenDEL'S Law.—In intimate relationship with the subject of
evolution is the question of heredity. In the middle of the last
century there lived an Austrian monk, Mendel by name, who ex-
perimented with the cultivation of peas and other plants in the
monastery garden. In his studies he discovered a certain law
underlying the transmission of characters in reproduction. This
law, which for many years lay hidden from the scientific world,
was recently brought to light and now forms the basis of most
of the recent breeding experiments and is of profound value in
the study of heredity. In the simplest case it is as follows: If
two different species, A and B, are crossed, the result is a hybrid
(AB) which combines certain characters of both parents. When
this hybrid propagates, the progeny splits up into three sets: one
resembling the hybrid parent (AB) ; and the other two sets re-
sembling the parent forms (A and B) that entered into the hybrid.
Mendel’s law is a statement of the mathematical ratio expressed by
these three groups of forms derived from a “ splitting ” hybrid.
This means that in a series of generations initiated by a hybrid, ap-
proximately one-half of the individuals of each generation will
represent the hybrid mixture, one-fourth of the individuals will
represent one of the pure forms that entered into the hybrid, and
the remaining fourth will represent the other pure form. Of
course, the I :2 : I ratio holds only when the one unit-character is
involved, and does not apply to the hybrids as a whole, as differ-
ent characteristics are generally inherited independently of others.
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It should be understood that the u;e.of hybrids in such experi-
mental work is simply a device to securt easy recognition of the
contributions of each parent to the progeny. For example, if red
and yellow races of corn are crossed, it is vety simple to recognize
the color contribution of each parent to the hybrid progeny, when
it would be impossible to separate the contritition of two yellow
parents. The inference is, that what is ¢u¢ of hybrids is true of
forms produced in the ordinary way,’so that laws of heredity
obtained from a study of hybridsshay be regarded as laws of
heredity in general.

In the ‘working out of Mepdel s law it has been obseryed that,
while one-fouirth of the pro%ﬁy are like one parent, the remaining
three-fourths will 211 show fie characteristics of the.5ther parent,
although only one of\the rem@aining three-fourths will breed true.
That is to say that the hybrids}which make up, *half of the progeny,
look like one of the parents, but all 4% not breed true to that
parent.

In this case the character of the true pure-strain parent
which marks the hybrids is said to be a dominant character, while
the character of the other pure-strain parent is said to be a recessive
character, because in the hybrids its presence can not be observed
and can be discovered only by breeding the hybrids.

It is only by experiment and breeding that dominant and
recessive characters can be determined. Ior instance, in the
culture of peas the character of being tall has been found to be
dominant over the character of being dwarf. This means that all
the hybrids will be tall, although one-fourth of their progeny will
be dwarf.

Again in the pea, the character of having a round seed is
found to be dominant over that of having a wrinkled seed. In
wheat the character of being beardless is dominant over that of
being bearded, and again the character of being susceptible to
rust is dominant over that of being immune to rust.

The infinite number of characters which complicates the study
of hybrids and the fact that in breeding it is sometimes the dom-
inant and sometimes the recessive character which is the desirable
one to maintain suggest at a glance the breadth and difficulty of
the problem.
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CHAPTER IL
CELL-COyTENTS AND FORMS OF CELLS.

aid to comsist of a wali and a

A TypICAL livin' b
4 2l
cell may h it is often customar

protoplast (a unit o8 protoplasm), alth(‘mg' 1 - This is7
to refer to the protoplas alone as constituting the cell. w14
view of the fact that the. .protoplasm which makes up the, i
stance of the protoplast is the {jying substance of the p}; '

B_p;i'ai,;s the protoplasm other s.ibstances are also Jflfm o
el hence'tin a general way the cel'{ may be saidy" . composed
of a wall andt contents (cell—content_.;}c\, Thwaill, as well as the
cell-contents, cons.sts of a‘number 9f substances, and, as the cell-
contents are of primaly MPOrtanse in the development of the
plant, their nature and conf{?°S!1%n will be considered first.

Cell-contents.—With the distinction already made the cell-
contents may be grouped into two classes: (1) Protoplasmic, or
those in which the life-processes of the plant, or cell, are mani-
fested ; and (2) non-protoplasmic, or those which are the direct or
indirect products of the protoplast. The first class includes the
protoplasm with its various differentiated parts, and the second,
the various carbohydrates (starches and sugars), calcium oxalate,
aleurone, tannin, oil, and a number of other substances.

PROTOPLASMIC CELL-CONTENTS.

Protoplasm.—Protoplasm occurs as a more or less semi-
fluid, slimy, granular, or foam-like substance, which lies close to
the walls of the cell as a relatively thin layer and surrounding a
large central cavity or vacuole filled with cell-sap, or it may be
distributed in the form of threads or bands forming a kind of net-
work enclosing smaller vacuoles. Protoplasm consists of two
comparatively well differentiated portions: (1) Certain more or
less distinct bodies which appear to have particular functions and
to which a great deal of study has been given, as the nucleus and
plastids; and (2) a less dense portion which may be looked upon

134
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as the ground substance of the protoplast and which is now com-
monly referred to as the cyTorLasym (see Frontispiece). These
differentiated bodies and the cytoplasm are intimately associated
and interdependent. The nucleus and cytoplasm are present in
all living cells, and it is through their special activities that cell

Fic. 8s. Successive stages in nuclear and cell division. n, nucleclus; ¢, centrospheres
s, chromosomes; sp, spindle fibers; A, B, C, division of chromosomes. 1, cell with nucleus
containing nucleolus (n), and two centrospheres (c); 2, showing separation of nucleus
into distinct chromosomes (s) and the centrospheres at either pole of the nucleus; 3, forma-
tion of spindle fibers (sp); 4, longitudinal division of chromosomes; s, division of the cen-
trospheres; 6, 7, 8, further stages in the development of the daughter nuclei; g, formation
of cell-wall whici is completed in 10 giving rise to two new cells.—After Strasburger.

division takes place. When, in addition, plastids are present, con-
structive metabolism takes place, whereby complex substances are
formed from simpler ones.

Besides the nucleus and plastids other protoplasmic structures
are sometimes found embedded in the cytoplasm. These are the
cENTROSPHERES (Fig. 85, ¢), small spherical bodies that are
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‘associated with the nucleus and appear to be concerned in cell
division. There are, in fact, quite a number of minute bodies in
the cytoplasm which may be always present or only under certain
conditions, and which are grouped under the general name of
MICROSOMES OF MICROSOMATA.

Chemically protoplasm is an extremely complex substance, but
does not appear to have a definite molecular structure of its own,
being composed in large measure of proteins, a class of organic
compounds which always contain nitrogen, and frequently phos-
phorus and sulphur. The molecule of the proteins is large and
more or less unstable, and hence subject to rapid changes and a
variety of combinations, and it is to these interactions that the
vital activities of the plant are attributed.

Nucleus.—The nucleus consists of (1) a ground substance
in which is embedded (2) a network composed of threads con-
taining a granular material known as cHROMATIN, and (3) gen-
erally one or more spherical bodies called NUcLEOLES, the whole
being enclosed by (4) a delicate membrane (Fig. 85). The chro-
matin threads are readily stained by some of the aniline dyes, and
are mainly composed of nucleins (proteins) rich in phosphorus,
which by some writers are supposed to be essential constituents of
the nucleus and necessary to the life of the protoplast. Chroma-
tin is constant in the nucleus, and prior to cell division the threads
become organized into bodies of a definite number and shape
known as caroMmosoMEs (Fig. 85, ).

Plastids.—The plastids or chromatophores form a group of
differentiated protoplasmic bodies found in the cytoplasm (Front-
ispiece) and are associated with it in the building up of complex
organic compounds, as starch, oil, and proteins. The term chro-
matophore means color-bearer, but applies also to those plastids
which may be colorless at one stage and pigmented at another.
Hence we may speak of colorless chromatophores. According
to the position of the cells in which these bodies occur and the
functions they perform, they vary in color—three distinct kinds
being recognized. (1) In the egg-cell and in the cells of roots,
rhizomes, and seeds the plastids are colorless and are called LEUco-
PLASTIDS. (2) When they occur in cells which are more or less
exposed to light and produce the green pigment called chloro-
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phyll, they are known as cHLOROPLASTIDS or chloroplasts. (3) In
other cases, independently of the position of the cells as to light
or darkness, the plastids develop a yellowish or orange-colored
principle, which may be termed chromophyll, and are known as
CHROMOPLASTIDS. Chloroplastids are found in all plants except
Fungi and non-chlorophyllous flowering plants, and chromoplas-
tids in all plants except Fungi. Plastids vary in form from more
or less spherical to polygonal or irregular-shaped bodies, and
they increase in number by simple fission. They suffer decom-
position much more readily than the nucleus, and are found in
dried material in a more or less altered condition.

Leucoplastids.—The chief function of the leucoplastids is
that of building up reserve starches or those stored by the plant
for food, and they may be best studied in the common potato
tuber, rhizome of iris, and the overground tubers of Phaius (Fig.
2, b). The reserve starches are formed by the leucoplastids from
sugar and other soluble carbohydrates.

The chloroplastids occur in all the green parts of plants
(see Frontispiece). They vary from 3 to 11 x in diameter and
are more or less spherical or lenticular in shape, except in the
Algz, where they are large and in the shape of bands or disks
(Figs. 8 and 9), and generally spoken of as chromatophores. Chlo-
roplastids are found in greater abundance in the cells near the
upper surface of the leaf than upon the under surface, the pro-
portion being about five to one. These grains, upon close exam-
ination, are found to consist of (1) a colorless stroma, or liquid,
in which are embedded (2) green granules; (3) colorless gran-
ules: (4) protein masses; (5) starch grains; and (6) a mem-
brane which surrounds the whole. The green granules are looked
upon as the photosynthetic bodies; the colorless grains are sup-
posed to assist in the storing of starch or in the production of
amylase, the conditions for these processes being directly opposite,
i.e., when photosynthesis is active, starch is stored, and when
this process is not going on, as at night, amylase is produced and
the starch is dissolved. The protein grains may be in the nature
of a reserve material of the plastid and probably are also formed
in connection with photosynthetic products.

While the protoplasm has been termed by Huxley “ The phys-
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ical basis of life,” the chloroplastid has been spoken of as the
mill which supplies the world with its food, for it is by the
process of photosynthesis that the energy of the sun is converted
into vital energy, and starch and other products formed, which
become not only the source of food for the plant itself, but also
the source of the food-supply of the animals which feed upon
plants. In other words, horse-power is derived from the energy
of the sun which is stored in the starch grains of the chloroplastids.

Chromoplastids.—In many cases, as in roots, like those of
carrot, or flowers and fruits, which are yellowish or orange-
colored, there is present a corresponding yellow pigment, and to
this class of pigments the name chromophyll may be applied.
Some of these pigments, as the carotin in carrot, have been iso-
lated in a crystalline condition (see Frontispiece, also Fig. 86).

Chromoplastids usually contain, as first pointed out by Schim-
per and Meyer, protein substances in the form of crystal-like
bodies ; starch-grains may also be present. The chromoplastids
are very variable in shape and in other ways are markedly differ-
ent from the chloroplastids. They are more unstable than the
chloroplastids, and are formed in underground parts of the plant,
as in roots, as well as in parts exposed to the light, as in the flower.
Their formation frequently follows that of the chloroplastids, as
in the ripening of certain yellow fruits, such as apples, oranges,
persimmons, etc.

The PLASTID PIGMENTS are distinguished from all other color-
substances in the plant by the fact that they are insoluble in water
and soluble in ether, chloroform, and similar solvents. In fact,
they are but little affected by the usual chemical reagents under
ordinary conditions.

Apart from the difference in color, the yellow pigment (chro-
mophyll) is distinguished from the green (chlorophyll) by the
fact that the latter is said to contain nitrogen, and also by their
difference in behavior when examined spectroscopically, chloro-
phyll giving several distinct bands in the yellow and orange por-
tion of the spectrum, which are wanting in the spectrum of the
yellow principle.

CyToLocy, or the science of cell formation and cell life. Dur-
ing recent years considerable attention has been given by botanists
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to the studies of the protoplasmic structures of the cell, especially
the nucleus; the reason for this being that all of the vital phe-
nomena of which living organisms are capable have their origin
in these substances. The nucleus is regarded as a controlling
center of cell activity, for upon it all growth and development of
the cell depend, and it is the agent for the transmission of specific
qualities from one generation to another. Furthermore, cytolo-
gists look upon the chromatin material of the nucleus as being
the agent for the transmission of individual characters to offspring.
The reason for this is that in the male generative cell it is prac-
tically only the nucleus which fuses with the egg-cell, no other
substances entering into the union. The centrosomes are usually
apparent during the process of nuclear division and by some
are regarded as the controlling organ of cell division, hence they
are known as the dynamic centers of the cell. The functions of
the plastids and cytoplasms are largely, if not entirely, connected
with the synthesis, transportation, and dissociation of metabolic
substances.
NON-PROTOPLASMIC CELL-CONTENTS.

The non-protoplasmic constituents of plants may be said to
differ from the protoplasmic cell-contents in two important partic-
ulars, namely, structure and function. For convenience in con-
sidering them here, they may be grouped as follows: ,

(1) Those of definite form including (a) those which are
colloidal or crystalloidal, as starch and inulin; (b) those which
are crystalline, as the sugars, alkaloids, glucosides, calcium oxa-
late; (c) composite bodies, as aleurone grains, which are made
up.of a number of different substances.

(2) Those of more or less indefinite form, including tannin,
gums and mucilages, fixed and volatile oils, resins, gum-resins,
oleo-resins, balsams, caoutchouc, and also silica and calcium car-
bonate.

I. SUBSTANCES DEFINITE IN FORM,

COLLOIDAL OR CRYSTALLOIDAL.

Starch is the first visible product of photosynthesis, although
it is probable that simpler intermediate products are first formed.
This substance is formed in the chloroplastid (see Frontispiece)
and is known as ASSIMILATION STARCH. Starch grains are
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F1G. 87. Successive stages in the development of starch grains, in Pellionia Daveauana
(A to N); and in the fruits of the potato plant, Solanum tuberosum (P to R). In A, two
plastids with a number of small starch grains; B, a plastid in which a single starch grain is
differentiated; C to L, successive stages of the development of a single grain, the plastid
body being shown on the surface (p); M, N, the development of several 2—compound starch
grains; P to R, the development of additional layers at right angles to the original grain,—
After Dippel in ‘*Das Mikroskop."

usually found in the interior of the chloroplastid, but may attain
such a size that they burst through the boundary wall of the

plastid, which latter in the final stage of the growth of the starch
grain forms a crescent-shaped disk attached to one end of the



142 A TEXT-BOOK OF BOTANY.

grain, as in Pellionia. Starch is changed into soluble carbohy-
drates by the aid of ferments and probably other substances, and
in this form is transported to those portions of the plant requiring
food. The starch in the medullary rays and in other cells of the

4 B

2%
(© o

7(e) O 7ye ®®DO®@B®
OB AR
(025w 8

06 @@ég AR

Fic. 88, A, potato starch grains showing the excentral and circular point of origin
of growth, and lamellz; B, maranta starch grains showing fissured point of origin of growth,
and distinct lamelle; C, wheat starch grains showing indistinct point of origin of growth,
and lamelle; D, corn starch grains, which are more or less polygonal in outline and have a
3- to s-angled point of origin of growth.

wood and bark of plants is distinguished by being in the form
of rather small and nearly spherical grains. In rhizomes, tubers,
bulbs, and seeds the grains are, as a rule, quite large, and possess
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more or less distinct characteristics for the plant in which they
are found. Starch of this kind is usually spoken of as RESERVE
starcH (Fig. 87).

Occurrence of Starch.—Starch is found in most of the alge
and many of the mosses, as well as in the ferns and higher plants.
The amount of starch present in the tissues of plants varies.
In the grains of rice as much as 84.41 per cent. has been found.
This constituent also varies in amount according to the season
of the year. Rosenberg has observed that in certain perennial
plants there is an increase in the amount of starch during the
winter months, whereas in other plants it decreases or may entirely
disappear during this period. In the latter case, from six weeks
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F1G. 89. A, starch grains of Iris florentina showing peculiar horseshoe-like fissure
extending from point of origin of growth; B, irregular starch grains of calumba root; C,
peculiar beaked starch grains of ginger rhizome; D, starch grains of bean showing irregular
longitudinal fissures; E, compound starch grains of oat.

to two months in the spring are required for its re-formation,
and about an equal period is consumed-in the fall in effecting its
solution.

Structure and Composition of Starch Grains.—The formula
which is generally accepted for starch is (C;H,,0;),, this being
recognized by Pfeffer, Tollens, and Mylius. It is supposed that
the molecule of starch is quite complex, it being composed of dif-
ferent single groups of C;H,,O; or multiples of the same. While
this formula may be accepted in a general way, still it has been
shown that there are at least two substances which enter into the
composition of the starch grain, and more recent studies tend
to show that it is in the nature of a sphero-crystalloid, resembling
inulin in some respects. Starch grains have an interesting struc-



144 A TEXT-BOOK OF BOTANY.

ture. They vary in shape from ovoid or spherical to polygonal,
and have a more or less distinct marking known as the “ hilum,”
‘“nucleus,” or the POINT OF ORIGIN OF GROWTH. The substances
of which the grains are composed are arranged in concentric
layers or lamelle which are more or less characteristic and which
sometimes become more distinct on the application of certain
reagents (Fig. go). The point of origin of growth and alternate
lamellze are stained by the use of gentian violet and other aniline
dyes, which may be taken to indicate that these layers contain a
colloidal substance somewhat resembling a mucilage, while the
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F16. 90. Successive stages in the swelling and disintegration of starch grains in the
presence of water on the application of heat (60°-70° C.), or certain chemicals. Potato
starch 1-1o; wheat starch 11-22.

alternating layers are stained with dilute iodine solutions and
are probably composed of soluble starch, this latter corresponding
to the a-amylose of Arthur Meyer or the granulose described
by Négeli. The peripheral layer of the grain appears to be a
distinct membrane, It is quite elastic, more or less porous, and
takes up stains readily.

While starch grains usually occur singly, they are not infre-
quently found in groups of two, three, or four grains, when they
are spoken of as two-, three-, or four-compound. In some of the
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cereals, as rice and oat, they are 100-compound or more. The
individuals in compound grains are in some cases easily separated
from one another. This occurs frequently in microscopical prep-
arations, and is especially noticeable in the commercial starches.

The various commercial starches belong to the class of reserve
starches and may be distinguished by the following characteristics:

(1) The shape of the grain, which may be spherical, ellipsoidal,
ovoid, polygonal, or of some other characteristic form (Figs. 88
and 89).

(2) The size of the grain, which varies from 1 to 2pu to
about 100 p in diameter.

(3) The position of the point of origin of growth, which may
be central (Fig. 88, C, D) or excentral (Fig. 83, 4, B). In some
cases there are apparently two points of origin of growth in a
single grain, and it is then spoken of as ** half-compound,” as occa-
sionally found in potato.

(4) The shape of the point of origin of growth, which may
be spherical, as in potato (Fig. 88, A4); cross-shaped, as in
maranta (I7ig. 88, B) ; a three- or five-angled fissure or cleft, as
in corn (Fig. 88, D), or indistinct or wanting, as in wheat (Fig.
88, C). :

(5) The convergence of the lamellee, which may be either
toward the broad end of the grain, as in maranta (Fig. 88, B),
or toward the narrow end, as in potato (Fig. 88, 4). In most
grains the lamellee are indistinct or wanting, as in wheat and corn
(Fig. 88, C, D).

(6) Behavior toward dilute iodine solutions, the color pro-
duced varying from a deep blue in most starches to a red or
yellowish-red, as in the amylodextrin grains of mace.

(7) The temperature (45°-77° C.) at which the “ kleister ”
or paste is formed, and its consistency.

(8) The appearance as viewed by polarized light, the distinct-
ness of the cross, as well as the degree of color produced, varying
considerably as Nichol's prism is revolved (Fig. 91).

(9) Behavior toward various reagents, as chromic acid, cal-
cium nitrate, chlor-zinc-iodide, diastase, and various aniline stains,
showing peculiarities of both structure and composition (Fig. go).

General Properties of Starch.—If starch is triturated with

10
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water and the mixture filtered, the filtrate does not give a reaction
with iodine solution ; if, on the other hand, the starch is previously
triturated with sand and then with water, the filtrate becomes blue

F1G. 91. Larger grains of various starches as viewed through the micropolariscope
when mounted in oil: A, potato (70-80 &); B, wheat (30—40 1); C, ginger (30-50 #); D,
galangal (45-s5 1); E, calumba (40—60 n): F, zedoary (so—7s5 1); G, maranta (35-50 p);
H, golchicum (1020 w); I, corn (20—25 p); J, cassava (20-35u ); K, orris root (30-35 ).
on the addition of iodine solution. It appears that in the latter
operation the wall of the grain is broken and the soluble starch

present in the grain is liberated.
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If dry starch and iodine are triturated together no color or,
at the most, a faint blue color is produced; whereas, if a litt'e
water is added and the trituration repeated, a deep blue color is
immediately produced.

The blue color of starch solution and iodine disappears on the
application of heat, but slowly returns on cooling the solution,
but not with the same degree of intensity, part of the iodine
being volatilized.

When starch is heated with glycerin it dissolves, and if alco-
hol is added to the solution, a granular precipitate is formed which
is soluble in water, the solution giving a blue reaction with iodine.

When starch is heated with an excess of water at 100° C. for
even several weeks, dextrinization of the starch does not take
place; i.e., the solution still gives a blue color with iodine. If, how-
ever, a mineral acid be added, it is quickly dextrinized, turning
violet-red, reddish, and yellowish with iodine; finally, maltose
and dextrose are produced, these giving no reaction with iodine,
but reducing Fehling’s solution. The ferments and other chemi-
cals have a similar effect on starch.

When dry starch is heated at about 50° C. from 15 to 30 min-
utes the lamellze and crystalloidal structure become better defined
and the polarizing effects produced by the grains also become
more pronounced. When starch is mounted in a fixed oil, as
almond, the polarizing effects are more pronounced than when
it is mounted in ‘water, but the inner structure is not usually
apparent, unless the starch has been previously heated. (For
literature on the starch grain see Kraemer, Bot. Gazette, Vol.
XXXIV, Nov., 190z; [bid., Vol. XL, Oct., 1905 ; also Eighth In-
ternational Congress of Applied Chemistry, Vol. 17, p. 31.)

Boranican DistrRiBUTION OF STaARcH.—This constituent is
commonly present as a reserve material in a large number of
plants. The sources of the commercial starches are constantly
being extended. The commercial starches are chiefly obtained
from .one or more genera of the Graminex, Marantacee, Eu-
phorbiacez, and Solanacex. The following is a list of the fami-
lies yielding one or more economic products which contain
starch: Cycadacez, Graminex, Aracex, Liliacez, Amaryllida-
cee, Iridacez, Musacee, Zingiberacez, Cannacez, Marantaceae,
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Orchidacez, Piperacez, Fagacez, Aristolochiacez, Polygonacez,
Phytolaccaceze, Nympheacee, Ranunculacee, Menispermacez,
Myristicacea, Lauracea, Papaveracee, Cruciferz, Rosacez, Legu-
minose, Geraniacez, Rutacez, Simarubacez, Euphorbiacez,
Celastracez, Sapindacex, Rhamnacese, Malvacez, Thymelzacez,
Punicacee, Myrtaceze, Umbelliferae, Loganiacez, Apocynacez,
Convolvulacez, Solanacez, Scrophulariacez, Gesneracez, Rubia-
cex, Caprifoliace, Valerianacez, and Cucurbitacez.

PERCENTAGE OF STARCH IN PrLANTS.—The amount of starch
in economic plants, especially those used for food, is very high,
being, on an average, much greater than that of any other con-
stituent except water. The percentage of starch, calculated on
dry material, in a number of foods and spices is here given: Bar-
ley, 53.45 to 72.90; cardamom seed, 18.66 to 40.53; carrot, 0.87
to 0.92; chestnut, 37.31 to 47.93; chinquapin, 44.45; cinnamon,
10.44 to 65.72; cloves, 9.41 to 51.03; cocoa (cacao), 3.83 to 48.73;
corn, 36.72 to 77.54; ginger, 46.16 to 62.53; lentils, 45.37; mace,
26.77 to 56.11 ; millet, 56.70 to 74.40; nutmeg, 17.19 to 40.12; oak:
acorns, 32.64; oats, 42.64 to 63.50; onion, 11.00 to 29.39; peas,
50.02 to 57.59; pepper, 28.15 to 64.92; pimenta, 16.56 to 59.28;
potatoes (sweet), 8 to 78.59; potatoes (white), 25.00 to 75.00;
rice, 74.80 to 84.41; rye, 51.15 to 74.08; wheat, 53.66 to 76:51.

MANUFACTURE OF STARCH.—In the preparation of commer-
cial starches the object is to break the cells and separate the
starch grains, freeing the product from the other constituents of
the cell as much as possible. The preparation of potato starch
is exceedingly simple, as all that is necessary is to reduce the tubers
to a fine pulp, the starch grains being separated from the tissues
by means of a sieve. The water containing the starch is removed
to tanks, the separation of the starch being facilitated by the
addition of alum or sulphuric acid which coagulates the dissolved
protein substances. The starch is washed and dried over porous
bricks by exposure to air. It is then thoroughly dried in a hot
chamber, reduced to a powder, and sifted. One hundred pounds
of potatoes yield about 15 pounds of dry starch. It is said that
diseased tubers produce as good a quality of starch as the sound
tubers.

In the preparation of the cereal starches the gluten interferes
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with their ready separation. The process is therefore modified
by either allowing the cereals to ferment, whereby the gluten
is rendered soluble and easily removed, or the flour is made into
a dough which is kneaded over running water, whereby the starch
grains are separated. The starch is subsequently purified by
washing and settling. It is dried by gentle heat and assumes the
columnar structure as seen in the more or less irregular particles
in the commercial product. One hundred pounds of wheat yield
from 55 to 59 pounds of starch, the fermentation process giving a
larger amount.

In the preparation of corn starch, a weak solution of sodium
hydrate is usually employed to facilitate the separation of the
starch. Sulphurous acid is also used. One hundred pounds of
corn yield 50 pounds of starch.

Rice starch is prepared by either an alkaline process or by an
acid process similar to that used in the manufacture of corn
starch, hydrochloric acid being employed instead of sulphurous
acid. Rice yields a greater percentage of starch than any of the
other raw materials, 100 pounds of the grain giving 70 per cent.
of starch.

Starch is used as a food and for various other industrial pur-
poses. The principal nutritive starches are sago, tapioca, and
corn. Maranta, or arrowroot starch, is largely employed in the
preparation of infant foods. Much of the dextrin of commerce
is prepared by the action of dilute acids upon potato starch.
Starch for laundry purposes is prepared from wheat. Rice starch
is largely used as a dusting-powder. Cassava starch has consider-
able advantages over the other starches in the making of nitro-
compounds, and is employed in the preparation of smokeless
powders.

PyrReENoOIDS.—In the chromatophores of a number of alge a
distinct body is observed. It is more or less of a lenticular
shape, stained a dark purple on the addition of iodine, and is
known as a Pyrenoid. It is not definitely known whether it is
a true cell organ having a function similar to the plastids in
manufacturing starch or whether it is merely a mass of complex
reserve substances. It can be differentiated readily into two
distinct portions: an inner, somewhat highly refracting and



150 A TEXT-BOOK OF BOTANY.

consisting of protein matter, and an outer layer, consisting of a
number of starch grains. The studies of Baubier tend to show
that the pyrenoid is perfectly differentiated and independent of
the chromatophore, and that the starch is formed from a leuco-
plastid which surrounds a phyto-globulin or crystalloid at the
center. This would quite agree with the studies of Timberlake,
who observed the complete conversion of the pyrenoid into starch.
That the substances of the pyrenoid are in the nature of reserve
food materials, is apparent from the fact that the pyrenoid entirely
disappears in Hydrodictyon prior to spore formation, and that
it is afterward formed anew in the young cells, thus behaving
very much like a leucoplastid. Attention should also be directed
to the fact that in some of the unicellular and filamentous algze
the pyrenoid divides during the division of the cell, thus behaving
like other protoplasmic organs.

INULIN appears to be an isomer of starch and occurs in solution
in the cell-sap of parenchyma cells of stems and roots, being also
found in the medullary rays. It exists in greatest amounts during
the early fall and spring, being changed at other times to levulose.
In the Monocotyledons it is found in the Amaryllidacez, Liliacez,
etc. In the Dicotyledons it is characteristic of the Composite,
but also occurs in the following: Asclepiadacez, Bignoniacez,
Cactacez, Campanulacez, Caprifoliacez, Composite, Cruciferz,
Droseracez, Euphorbiacex, Geraniacee, Labiate, Leguminosz,
Lythracez, Magnoliacez, Menispermacez, Moracee, Nepenth-
acez, Passiflorace®, Ranunculacez, Rubiacez, Rutace, Salicacez,
Santalaces, Theacee, Thymeleacez, Urticacee, Valerianacez,
Verbenacez, Violacez, etc.

According to Dragendorff, there are two forms of inulin; one
of which is amorphous and easily soluble in water, and another
which is crystalline and difficultly soluble in water. The latter
is probably, however, a modification of the former, and it is not
unlikely that the various principles known as pseudoinulin, inu-
lenin, helianthenin, and synantherin are all modifications of inulin.

In examining fresh material (Fig. 92) the sections should be
mounted in as little water as is necessary to enclose the section.
If inulin is present it shows in the form of colorless, highly
refracting globules. The latter are usually relatively small and
tend to unite, forming one or more large globules. Upon increas-
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ing the amount of water they dissolve and are diffused among the
other constituents. If fresh sections are mounted directly in
alcohol, or if to the original aqueous mount strong alcohol is
added, the inulin separates in the form of rod-like or needle-like
crystals, which strongly polarize light. If the plant material is
preserved for some days in 70 per cent. alcohol, the inulin separates
in the form of sphere-crystals which adhere to the walls of the cell.
This aggregate consists of concentric layers of radially arranged,
needle-shaped crystals, the structure of which is more apparent
upon the addition of either nitric acid or a solution of hydrated
chloral. The crystal mass is insoluble in glycerin and sparingly
soluble in cold water. It is soluble in warm water, warm solu-
tions of glycerin and water, acetic acid, mineral acids, chlor-
zinc-iodide, and ammoniacal solution of cupric oxide. With solu-
tions of the alkalies it dissolves with a lemon yellow color, and
with acetic acid the crystals dissolve, forming a greenish colored
solutior. which soon fades.

Tunmann (Ber. d. d. pharm. Ges., 1910, p. 577) has sug-
gested the use of a solution of pyrogallol as a distinctive re-
agent for the microscopic study of inulin. The solution con-
sists of 0.100 Gm. Pyrogallol, alcohol 5 c.c., and 5 c.c. of hydro-
chloric acid. Upon carefully heating sections treated with this
reagent the cells containing inulin are colored a violet red. A simi-
lar solution made with resorcin in place of pyrogallol colors inulin
a cinnabar red.

In taraxacum, inula, pyrethrum, and other drugs inulin occurs
in the form of an amorphous mass having a more or less angular
outline. The masses are highly refracting and probably consist
of aggregates of small crystals similar in appearance to those of
mannit found in commercial manna.

HesperIDIN.—Although not a carbohydrate, hesperidin is of
wide occurrence and separates in the form of sphero-crystals re-
sembling inulin. It is a glucoside (C,,H,,0;,), and it would
appear, from the studies of Tunmann (Schweiz. Woch. f. Chem. u.
Pharm., 1909, p. 794), that, like inulin, there are several forms
of it. Hesperidin, like inulin, occurs in living cells in the form
of a more or less viscous fluid. Upon the addition of water,
alcohol, glycerin, or solutions of hydrated chloral it separates in
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the form of yellowish sphero-crystals. If the fresh plant material
is placed in alcohol the crystals separate in the form of large
needles, often forming branching tufts. When examined by
means of the micropolariscope, they polarize light more or less
strongly, depending upon how the crystals were prepared. Upon
quickly drying the plant material in which it occurs, hesperidin
separates in the form of irregular, slightly yellowish clumps, re-
sembling those of inulin found in the composite drugs of com-
merce. If the material is slowly dried, the crystals are decom-
posed. Crystals of hesperidin have been found in Citrus fruits;

F1G. 92. Sphero-crystals of inulin. A, parenchyma cells of the root of chicory (Cicho-
rium Intybus) treated with alcohol: a, numerous small globules shortly after the addition
of alcohol; b, a somewhat later stage, showing the fusion of many of the small globules of
inulin; ¢, crystal formation in the globules after the alcohol has acted upon the cells for
24 hours. B, sphero-crystals resembling starch grains-formed in the tubers of Dahlie vari-
abilis in alcoholic material: in b, the section has been treated with nitric acid, the crystal
aggregate showing a trichiten structure.—After Dippel in *‘Das Mikroskop."

the fruit of Cocculus laurifolius; the leaves of Buchu, and Pilo-
carpus ; species of Mentha, Hyssopus, Teucrium, Satureia, Tilia;
Conium maculatum; Scrophularia nodosa, and stamen hairs of
the flowers of Verbascum. The crystals are found especially
in the epidermal cells of bracts. The crystals in the hairs of the
flowers of Verbascum are usually referred to as a sugar, but,
‘according to the studies of Tunmann, are in the nature of a
hesperidin.
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If sections are mounted in a small quantity of water and
the latter replaced with dilute glycerin, followed by concentrated
glycerin, then there separates in the cells a number of yellowish
globules which are highly refractive (Fig. 93); these globules
tend to unite in the center and very soon crystallize. The sphero-

F16. 93. Hesperidin. A, B, formation of sphero-crystals in the epidermal cells of the
foliage leaves of Linden upon the addition of glycerin; in A the hesperidin occurs in highly
refracting globules, which in B have united in a large central globule in which a crystal-
aggregate has formed. C, crystals in stamen hair of the flower-bud of Verbascum. D,
crystals in the cells of the upper epidermis of Hyssopus officinalis. E, cells of the upper
epidermis of the foliage leaves of the Linden.—After Tunmann.

crystal consists of radiating needles, the aggregate frequently
being marked by concentric lamelle, the whole being surrounded
by a more or less mucilaginous wall (Fig. 93). As there are
other substances in the cell the sphero-aggregate may contain
some of these in the interstices. If the crystals are formed slowly
and in the cold they are apt to be of a yellowish, or even dark
yellow, color, whereas if heat is employed and the crystallization
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is more rapid they are nearly colorless and dissolve readily. The
crystals of hesperidin are insoluble in water, alcohol, glycerin,
ether, chloroform, solutions of hydrated chloral, dilute sulphuric
acid and dilute or concentrated hydrochloric acid and nitric acid.
They are sparingly soluble in ammonia water and hot acetic acid.
Upon the addition of either dilute or concentrated solutions of
potassium hydroxide or sodium hydroxide, hesperidin dissolves,
forming a yellowish solution. With concentrated sulphuric acid
it gives a deep yellowish solution, which upon warming becomes
a reddish-brown. Sometimes hesperidin, as in the stamen hairs
of Verbascum, is colored with concentrated sulphuric acid only
a light yellow. :

GLYCOGEN is a carbohydrate allied to amylo-dextrin and occurs
commonly as a reserve food material in the fungi and some
of the Cyanophycew. It usually occurs in the form of a more or
less amorphous mass in the hyphee of the fungi, but occasionally
is found in definite granules resembling starch. It is supposed
to arise in plastid bodies resembling leucoplastids, but its general
formation is controlled by the protoplasm. In yeast it is found
in large quantities, sometimes nearly filling the entire cell.

CRYSTALLINE SUBSTANCES.

The sugars constitute a group of crystalline principles of
wide distribution. They occur in the cell-sap, from which by
evaporation or on treatment with alcohol they may be crystallized
out. There are chemically two main groups: monosaccharoses
(formerly termed glucoses) and disaccharoses (formerly the
saccharoses). Under the former are included the simple sugars
containing two or more atoms of carbon and known as biose
(C,H,0,), etc. Among the pentoses (C;H,,O;) are rhamnose,
a component of certain glucosides; fucose, found in fucus and
other brown algez, and chinovite, occurring in certain Cinchona
barks. The most important subdivision of the monosaccharoses
comprises the hexoses (CgH,,0O,), which include glucose and
fructose, and are widely distributed; d-mannose, found in the
manna of Fraxinus Ornus and obtained by hydrolyzing cellulose,
especially the reserve cellulose in the seeds of the vegetable ivory.
Of the disaccharoses (C,,H,,0,,) cane-sugar is the most im-



CELL-CONTENTS AND FORMS OF CELLS. 155

portant. In this group are also included maltose, formed by the
action of diastase on starch and by the action of ferments on
glycogen; trehalose or mycose, found in the Oriental Trehala,
ergot, Boletus edulis, and other fungi; melibiose, occurring in
Australian manna and in the molasses of sugar manufacture;
touranose, found in Venetian turpentine (obtained from Larix
europea) and in Persian manna; and agavose, occurring in the
stalks of Agave americana.

Of the numerous sugars the following are likely to be met
with in the microscopical study of drugs and economic products:

Dextrose (grape-sugar or dextro-glucose) is found in sweet
fruits, the nectaries of the flowers, and stems and leaves of various
plants. It crystallizes in needles and varies in amount from 1 to 2
per cent. (in peaches), to 30 per cent. in certain varieties of
grapes. It also occurs in combination with other principles, form-
ing the glucosides.

Levulose (fructose, fruit-sugar, or levo-glucose) is associated
with dextrose, occurring in some instances even in larger quanti-
ties than the latter.

Sucrose (saccharose or cane-sugar) is found rather widely
distributed, as in the stems of corn, sorghum and the sugar-cane;
in roots, as the sugar-beet; in the sap of certain trees, as sugar-
maple and some of the palms; in the nectaries and sap of certain
flowers, as fuchsia, caryophyllus, and some of the Cactacez; in
seeds, as almond and chestnut, and in various fruits, as figs, mel-
ons, apples, cherries. In some plants, as in sugar-cane, the yield is
as high as 20 per cent. It crystallizes in monoclinic prisms or
pyramids, and forms insoluble compounds with calcium and
strontium.

Maltose is found in the germinating grains of cereals (see
Malt) ; it forms colorless, needle-shaped crystals resembling those
of dextrose, and forms compounds with calcium, strontium, barium
and acetic acid.

‘Trehalose occurs in some fungi, as ergot and Amanita mus-
caria—the latter containing as much as 10 per cent. in the dried
plant.

Mannitol occurs in the form of needles or prisms and is found
in the manna of Fraxinus Ornus to the extent of go per cent. It
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is also found in some of the Umbelliferz, as Apium graveolens,
some of the IFungi and sea-weeds, and is rather widely distributed
(Fig. 94).

Dulcitol, which is closely related to mannitol, is found in
Euonymus europeus and in most of the plants of the Scroph-
ulariaceze.

PERCENTAGE OF SUGAR IN PLANTS.—No analysis is necessary
to indicate that most fruits contain quite a large percentage of
sugar. The following figures show the amount of sugar in some
of the more common fruits, the per cent. being calculated on

F1G. 94. Orthorhombic crystals of Mannitol (Mannit) obtained from aqueous solutions:
A, large crystals; B, feathery aggregates of needles.

dry material: Apple, 33.16 to 87.73; apricot, 7.58 to 86.21;
banana, 6.20 to 21.90; blackberry, 32.67 to 40.17; cantaloupe,
0.27 to 11.98; cherry, 29.97 to 85.86; currant, 33.76 to 75.49;
fig, 10.00 to 29.90; gooseberry, 47.33 to 79.82; grape, including
raisin, 67.82 to 83.00; huckleberry, 12.60 to 46.87; orange, 36.48
to 66.91 ; peach, 6.69 to 74.07; plum, 15.25 to 78.70; prune, 32.04
to 69.46 ; pumpkin, 0.15 to 11.98; and raspberry, 14.93 to 47.50.
The following percentage of sugars is present in some of the
cereals, common vegetables, etc.: Asparagus, 0.45 to 3.47; barley,
5.82 to 8.73; beet (garden), 4.20 to 31.45; beet (sugar), 3.55 to
89.61; buckwheat, 1.42 to 1.67; carrot, 3.62 to 15.30; cauliflower,
1.22 to 7.40; chestnut, 5.22 to 8.52; cocoa (cacao), 2.77; coffee,
0.20 to 14.50; corn, 0.96 to 6.77; cucumber, 0.72 to I.5I;
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lentils, 2.75; maple sap, 2 to 4; oats, 0.51 to 5.27; onions, 0.44
to 14.02; rye, 0.39 to 9.46; sorghum juice, 8.60 to 14.70; sugar-
cane juice, 16.00 to 18.10; spinach, 0.06 to 6.66 ; turnip (Swedish),
5.05 to 9.67; sweet potato, 0.32 to 8.4z; tomato, 2.53 to 3.86;
vanilla, 7.07 to 9.10; wheat, 0.58 to 5.12.

Ho~Eey-DEW is a pathological sugar formed as a result of
the stings of insects (Aphides and Coccidex) on the leaves of
certain trees. There are a number of trees the leaves of which,
during the summer time, are covered with a thin layer of sugar
solution. Among these may be mentioned the linden, tulip poplar,
and chestnut. Honey-dew may also be formed, according to
Bonnier, without the assistance of aphides, and may be seen oozing
out of the stomata. It may be formed in such quantities that
it may drip from trees, as in the so-called rain trees of the
Tropics (see Pfeffer, ““ Physiology of Plants 7).

THE OrRIGIN AND FORMATION OF CARBOHYDRATES.—The first
visible product of photosynthesis is starch, and this is sometimes
called photosynthetic starch. Investigations during recent years
seem to indicate that grape-sugar or dextrose is the basal photo-
synthate, and that from this starch is later formed in the plastid.
This sugar is called photosynthetic grape-sugar to distinguish it
from the grape-sugar found in the cell-sap of the grape, raisins,
figs, etc. There is no question but that in the plastids starch
is readily formed from glucose, and, vice versa, that the starch
in the plastids is readily changed through the agency of the
ferment, amylase, into grape-sugar.

There are four factors necessary for the formation of a photo-
synthetic carbohydrate (starch or glucose) by the chloroplastids:
(1) Light; and in this condition it is the energy of the red and
blue rays of sunlight which are necessary to bring about the
synthesis. (2) Carbon dioxide. This compound must be present
in about the normal proportions that we find it in the air, namely,
3 parts in 10,000. (3) Water is essential, and this is always pres-
ent in living cells. It is by the dissociation of the CO, and H,O
and rearrangement of the atoms that carbohydrates are formed,
being either starch (C,H,,0;) or glucose (C.H,;0,), with oxy-
gen as a by-product. These interactions may be shown by the
following equations:
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6CO, + SH,0 = CoH,00, +60,.
(Starch)

6CO, +6H,0=CH,,O, + 6O
(Glucose)

(4) Certain mineral substances must be present, although, appar-
ently, they take no part in the photosynthetic reaction. Bokorny
has shown that compounds of potassium are essential to bring
about the reactions above given.

Some form of iron has always been considered necessary for
the development of the green pigment or chlorophyll in the chloro-
plastid. While this element may seem to be necessary in water
culture, it is not always essential, particularly if plants are grown
under control conditions in sand. The development of chlorophyll
also requires the presence of oxygen. The activity of the chloro-
phyll apparatus is further influenced by other factors, viz., the
maintenance of a proper temperature. It is self-evident that there
is a minimum and maximum temperature at which photosynthesis
is scarcely perceptible, and that there is an optimum temperature
during which the activity of the chloroplastid is at its height.
The latter varies with different plants, depending on the climate
to which they are either indigenous or naturalized. In the Tropics
the optimum temperature is somewhat higher, while in the Arctic
regions it is much lower. In temperate climates the optimum
varies between 20° C. (68° F.) to 30° C. (86° F.).

From the facts just given it would appear that considerable
is known in regard to the conditions and the substances which are
concerned in the formation of photosynthetic products. On the
other hand, we know practically nothing of the successive steps in
the formation of either starch or glucose in the plant. Numerous
experiments have been conducted and a number of hypotheses
have been advanced. According to von Baeyer, the first step
in the process of photosynthesis is a reduction in the CO,, formalde-
hyde being formed, and this is then polymerized into a carbohy-
drate, which is finally changed into dextrose. This may be repre-
sented by the following equations:

CO, + H,0—>HCHO + O,
x HCHO = (CH,0) x
6(CH,0) = C,H,,0,
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There are a number of other views which have been advanced.
Erlenmeyer, for instance, has suggested that instead of formalde-
hyde being first formed, formic acid is the first product of photo-
synthesis, hydrogen peroxide being liberated ; both of these then
are decomposed, formaldehyde being formed according to the
following equations:

CO, + H,0=HCOOH + H,0,
HCOOH + H,0,=HCOH + H,0 + O,

By the further condensation of formaldehyde as in the hy-
pothesis of von Baeyer, dextrose is formed. On the other hand,
Brown and Morris consider that the first carbohydrate formed is,
in reality, cane-sugar, and that from this, then, dextrose and
the other carbohydrates are formed.

Some very interesting experiments were conducted by Berthe-
lot (Compt. rend., 1898, 1900, etc.), who obtained both formic
acid and formaldehyde while working with a mixture of carbon
dioxide and hydrogen. Later he obtained a synthetic carbohy-
drate, which on warming had an odor of caramel. Furthermore,
when using an excess of carbon monoxide with hydrogen, Berthe-
lot obtained a substance closely related to oxy-cellulose. Lob
(Ber. d. d. pharm. Ges., 1907, p. 117) concludes that from formal-
dehyde, glycolic-aldehyde (x CHO.CH,OH) is formed; this is
then followed by the formation of glyceric-aldehyde (CH,OH.CH-
OH.COH), which is finally polymerized into a hexose as glucose,
or even a higher carbohydrate.

THE ALkaLoIDs include a group of organic bases which possess
remarkable toxicological properties. They are compounds of car-
bon, hydrogen, and nitrogen ; oxygen is also usually present, except
in the liquid or volatile alkaloids, in which it is wanting. They
are usually combined with some organic acid, as malic acid or
tannic acid. In many cases the alkaloids are combined with acids
that are peculiar to the genus,—e.g., aconitic acid in Aconitum,
meconic acid in Papaver, etc. They are found in a large number
of plants, especially among the Dicotyledons, and are rather char-
acteristic for certain families, as those of the genera Strychnos,
Cinchona, Erythroxylon, Papaver, etc. When present, alkaloids
may be found in any part of the plant, but usually they are most
abundant in certain definite regions, as roots, rhizomes, fruits,
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seeds, or leaves. Furthermore, the amount is greatest at certain
stages of development, as in the fully ripe seeds, more or less
immature fruits, during the resting periods of roots and rhizomes,
and in leaves when photosynthetic processes are most active.
They occur in greatest amount in those cells which are in a poten-
tial rather than an active condition, being associated with starch,
fixed oils, aleurone grains, and other reserve products in the
roots, rhizomes, and seeds. They are found in fruits in greatest
amount during the development of the seed, but after the maturing
of the latter they slowly disappear, as in the opium poppy and
conium. i

The alkaloids probably arise in the protoplasm, although they
may also be formed from the decomposition of protein substances.
The fact that asparagine, a weak base, is usually present when
the proteins are being formed from the protoplasmic substances
and is also present when the proteins are being used in the growth
of the plant, as during the germination of seed, would seem to
indicate that both views are more or less tenable. The studies
of Lotsy on Cinchona showed that alkaloids are formed in con-
nection with photosynthetic processes and that they are subse-
quently stored for the use of the plant. On the other hand,
it is rather interesting to note that when cinchona trees are
grown in the hot-house they do not produce any quinine, and,
again, it is said that the conium growing in Scotland does not
contain any coniine. From these observations we must conclude
that alkaloids are produced only under certain conditions, and
that they are not essential metabolic substances. The fact that the
presence of alkaloids may be demonstrated in the thick-walled
cells of the endosperm in nux vomica has led some investigators
to conclude that they may arise in the cell-wall. The occurrence
of alkaloids at this point is due to their imbibition by the wall,
just as other soluble cell contents are absorbed, especially upon the
death of the cell.

MICROCHEMISTRY OF ALKALOIDS.—The alkaloids occur in
tather large quantities in a number of plants. Seldom do we
find them in the form of crystals in the plant cell. Crystals of the
alkaloid Piperine are not infrequently observed in the oil secre-
tion cells of the endosperm of Piper nigrum (Fig. 94, A). The
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alkaloids form crystallizable salts and, in many instances, definite
double compounds. Nevertheless, not a great amount of progress
has been made in their detection and localization, either in the
living plant or in economic products. The reason for this is that
other substances, as calcium oxalate, may interfere with the
reactions forming crystals with the reagents, so that nothing
definite can be deduced. Then again, when an alkaloid is charac-
terized by certain color reactions, especially if a rose or violet
color is formed, it may be due to the reaction of the reagent with
carbohydrates or protein substance. For this reason practically
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F1G. 94A. Crystals of Piperine: A, cells of endosperm showing a single oil cell (b) in
which crystals of piperine have separated; (a) starch bearing parenchyma. B, piperine
crystals separated from sections which have been first treated with alcohol, and to the oily
globules remaining after evaporating the alcohol, a drop of distilled water has been added.
In from fifteen to thirty minutes there separate needles, short rods and aggregates of
piperine.—After Molisch’s work on Histochemie.
there are only a few instances where satisfactory results are
obtained in the study of alkaloids in plant tissues. These, for the
most part, have been obtained in connection with the dried mate-
rials of commerce. As it is very important that these studies
should be carried further, a few illustrations may be given.

Hydrastis contains two alkaloids in considerable quantities
which form definite salts with nitric and sulphuric acids. Fur-
thermore, this plant does not contain calcium oxalate, so that the
crystals formed upon the addition of mineral acids could not be of
either the nitrate or sulphate of calcium, and if in other respects
they corresponded to the sulphates and nitrates of the alkaloids
peculiar to hydrastis, then the crystals must be salts of the alka-
loids. If sections of the fresh rhizome of hydrastis or the moist-

II
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ened drug are mounted directly in sulphuric acid, there separate
very soon small acicular or rod-shaped crystals of berberine and
hydrastine (Fig. 95). This is one of the most satisfactory of
microchemical tests of the alkaloids that is known, and Leuff has
shown that they can be readily determined even in the endosperm
cells in the seeds of hydrastis (Pharm. Post, 1913, p. 977).
Caffeine is an alkaloid which is rather widely distributed, and
its presence can be easily determined, in dried material as
coffee seeds, in several ways. (1) It may be sublimed, the long,

F1G6. 905. Alkaloids in Hydrastis: A, prismatic crystals which separate after a time
on treatment of sections of the rhizome of hydrastis or its powder with sulphuric acid; B,
the separation of needle-shaped crystals of the sulphates of the alkaloids in the paren-
chyma cells of hydrastis upon treatment with sulphuric acid.
silky needles of caffeine being deposited upon a watch crystal
or a microscopic slide. (2) Similar crystals may separate from
aqueous or hydro-alcoholic mounts of the material. (3) The most
satisfactory method for the detection of caffeine is to form a
double salt with gold chloride, the crystals of which are very
characteristic (Fig. 96). The test may be applied to coffee seeds,
cola nuts, tea leaves, guarana, etc., as follows: Sections are placed
in strong hydrochloric acid and slightly heated ; then one or two
drops of a solution of gold chloride are added and the sections
pushed to one side, allowing the liquid to evaporate. Near the
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edge of the residue branching groups of needles of caffeine gold
chloride separate. Cocaine is another alkaloid which forms char-
acteristic crystals, and the double salt of the chloride with palladous
chloride is very characteristic (Iig. 97). The crystals of the
latter may be prepared in the same manner as caffeine, except
that to the sections of coca leaves or the powdered material a
smaller quantity of hydrochloric acid is added.

F1G. 96. Caffeine gold chloride; crystals formed on the addition of a solution of gold
chloride to a dilute aqueous solution of caffeine.

PROPERTIES OF ALKALOIDS.—In the microchemical study of
the cell-contents it is important to bear in mind that the alkaloids
possess certain characteristic properties and give definite reactions
with the so-called “ alkaloidal reagents.” The alkaloids occur in
combinations with acids forming salts which are mostly soluble in
water or in alcohol, and consequently may be extracted by means
of these solvents. From the latter well-characterized crystals
may be easily formed. The free alkaloid may be separated from
solutions of their salts in water by the addition of alkalies, but it
is usually important that the solutions of the latter be not in
excess, as otherwise the separated alkaloids may dissolve. With
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few exceptions, as Berberine and Sanguinarine, they form mostly
colorless crystals. Among the alkaloidal reagents giving charac-
teristic precipitates the following may be mentioned. Phospho-
molybdic acid (Sonnenschein’s Reagent) gives with nearly all of
the alkaloids a yellow, insoluble amorphous precipitate. Potas-

Fi1G6. 907. Cocaine: A, monoclinic crystals of cocaine; B, orthorhombic crystals of co-
caine hydrochloride; C, monoclinic crystals of cocaine hydrochloride and palladous chloride;
D, skeleton aggregates of cocaine hydrochloride and palladous chloride.
sium mercuric iodide (Mayer’s Reagent) precipitates many of
the alkaloids in even dilute solutions, the precipitates being usually
yellowish-white and more or less flocculent. Wagner’s Reagent,
or iodine dissolved in a solution of potassium iodide, is another
reagent that precipitates nearly all the alkaloids. The precipi-
tates are of a reddish or reddish-brown color, and are more
readily formed in acidulated solutions. From alcoholic solutions
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crystalline double compounds may be formed. Picric acid forms
characteristic crystals with a number of the alkaloids. Wormley’s
Reagent, or a solution of bromine in hydrochloric acid, gives
definite microscopic crystals with some of the alkaloids, as atro-
pine, hyoscyamine, and veratrine. Auric chloride and platinic
chloride both form characteristic double salts with a number of
the alkaloids. There are a number of other reagents which are
used in the study of the localization of alkaloids in plants. Most
of these depend upon certain color reactions. While it is true
that the alkaloids give rather striking colors with certain reagents,
yet, as a rule, they are of little value except when the alkaloids
are in a pure condition. This same objection holds, but with some-
what less force, to the employment of the alkaloidal reagents
just mentioned.

FamiLiEs YIELDING ALKALOIDS.—It is very difficult to deter-
mine from the literature of the analyses as to how widely distrib-
uted alkaloids are in plants. Time and again principles, which
give definite reactions with certain alkaloidal reagents, are subse-
quently shown to be other than alkaloids. In enumerating the
families in which alkaloids occur we do not mean to say that
they are lacking in the families not mentioned here. Alkaloids
are seldom found in the Cryptogams, being confined, with few
exceptions, to the poisonous fungi, as Amanita of the Agaricace.
Among the Monocotyledons they are found in the Palma and the
Liliacezz. They are more widely distributed in the Dicoty-
‘ledons, occurring in the following families: Piperacez, Chenopo-
diacez, Ranunculacez, Berberidacez, Menispermacez, Lauracez,
Papaveracee,, Leguminosz, Erthroxylacee, Rutacee, Aquifolia-
cex, Sapindacee, Sterculiaceze, Punicacez, Umbellifere, Logania-
cex, Apocynacea, Solanacex, Rubiacez, and Lobeliacez.

THE AMOUNT OF ALKALOIDS in plants varies under different
climatic conditions and is also very much influenced by culti-
vation (see chapter on ‘ Cultivation of Medicinal Plants”).
For these reasons there is a wide range in the alkaloidal content of
drug products, and, as the alkaloids are among the most poisonous
constituents known, the various pharmacopceias have set alkaloidal
standards. At the International Conference for the Unification of
Pharmacopeeial Formule for Potent Medicaments held in Brus-
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sels in 1902 a protocol was prepared designating the strength of
the various galenicals. Unfortunately, a standard for the alka-
loidal content of drugs was not also established, and consequently
in the several pharmacopceias there is still some variation in drug
standards. For percentage of alkaloids in different drugs and their
variation, consult Volume II, treating of Pharmacognosy.

CuemicaL CLASSIFICATION OF ALKALoIDS.—The chemical
study of the alkaloids shows that each plant contains not one but
a number of alkaloids, cinchona bark and the opium poppy yield-
ing not less than twenty different alkaloids. As their chemical
constitution is not well known, it is customary even for the chemist
to group them into certain natural classes, as the alkaloids of
conium, tobacco alkaloids, the cinchona alkaloids, opium alka-
loids, etc. They may also be grouped into certain fundamental
groups, according to their nuclear structure derived from their
probable constitution. While the natural classification may be
more convenient, it will be replaced by a classification based on
chemical constitution when our knowledge of this class of sub-
stances is extended. From studies thus far made the following
groups of alkaloids may be recognized:

PyripiNE GroUur.—Alkaloids derived from pyridine (C;H,N)
are found in Conium maculatum, Piper nigrum, and other species
of Piper, Trigonella Faenum grecum, Areca Catechu, Beta vul-
garis, Nicotiana Tabacum, Pilocarpus Jaborandi and other species
of Pilocarpus, Lupinus, Laburnum, and other genera of the
Leguminose. This group includes the liquid or volatile alkaloids.

PyrroLIDINE GrRoUP.—Derivatives of Pyrrolidine (C,H,NH)
occur in Atropa, Hyoscyamus, Datura, Scopolia and other genera
of the Solanacee, Erythroxylon Coca, and Punica Granatum.

QuiNoLINE Grour.—Alkaloids with a Quinoline nucleus
(C,H,N) are obtained from cinchona bark and nux vomica.

IsoQuiNoLINE Groupr.—Isoquinoline is isomeric with quino-
line; alkaloids with this nucleus are found in the opium poppy,
Hydrastis canadensis, Berberis vulgaris, Menispermum canadense
and quite a number of genera in the closely related families of
Ranunculacee, as well as in some other plants.

PueNaANTHRENE GrouP.—Morphine and codeine, closely re-
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lated alkaloids in opium, probably contain the Phenanthrene
nucleus (C,;,H,,).

PuriNe Groupr.—Caffeine, the characteristic alkaloid of
coffee, tea, and guarana, as well as theobromine associated with
caffeine in cacao and kolanut, are derivatives of Purine (C,H,N).

AxiINo-aciD GrRouP.—Asparagine, or the monamide of aspartic
acid, is very widely distributed throughout the plant kingdom.

Consult J. W. Bruhl, “ Die Pflanzen-Alkaloide’’; A. Pictet,
“The Vegetable Alkaloids,” translation by H. C. Biddle; O. A.
Qesterle, ““ Grundriss der Pharmakochemie.”

AspARAGINE (C,IH N, + H,0) (B-asparagine, the monamide of
aspartic acid) is an amido compound which is most widely distrib-
uted throughout the vegetable kingdom. It is found not only in
reserve organs as the tubers of the potato and dahlia, the roots
of althza, belladonna, etc., and the seeds of the chestnut tree,
but it also occurs in young shoots as of asparagus and in peas,
beans, and other members of the Leguminose. Asparagine has
also been detected in some of the fungi as the Agaricineaz and cer-
tain of the Myxomycetes. Unlike certain derivatives of urea, it is
a plastic product playing a very important role in plant metabolism.
On account of its crystalline character and solubility in water,
it is classed among the translocatory substances, appearing not
only when proteins are being utilized by the plant, but when
they are being formed. The crystals of asparagine are formed
rather easily from the expressed juices of young shoots, and may
be obtained even in sections upon mounting them in glycerin.
The crystals vary in length from 0.3 mm. to 15 mm. (Fig. 98).

Asparagine occurs in two forms, one of which is leevorotatory
and the other dextro-rotatory; the former is the one usually
present in plants. At 17.5° C, I part of asparagine is soluble
in 47 parts of distilled water; at 98° C., 1 part is soluble in 1.9
parts of distilled water.

THE GLUcosIDEs or Glycosides are a class of plant substances
which under the influence of ferments split up into a number of
substances, one of which is always glucose (dextrose) or an analo-
gous compound. Van Rijn has proposed the class name Glykoside
for all substances of this group, restricting the name glucoside
to those which yield glucose on hydrolysis. The glucosides are
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always associated in the plant cell with the special ferments
which are capable of decomposing them. There are other sub-
stances which have the property of breaking up the glycosides,
viz., dilute acids and alkalies. Of the mineral acids, dilute
sulphuric acid and dilute hydrochloric acid are the most effective.
They do not, however, always produce the same results on the
same glucoside, as sometimes one acid works better than the
other. Some glucosides are hydrolyzed by the use of strong

F1G. 98. Microphotograph of the rhombic prisms of Asparagine (amido-succinamic
acid), which is rather widely distributed in the vegetable kingdom. From aqueous solution
the smaller crystals are combinations of base and prism (a); one or both of the acute angles
may be truncated on the faces of the brachydome (b); in the larger crystals (c) the brachy-
dome is more developed and is either equidimensional or elongated on the ®-axis.

organic acids, as oxalic acid and citric acid. " In view of the fact
that most glucosides require the presence of water in addition
to the presence of the ferment to produce an interaction, they
are looked upon as ether or ester derivatives. This view is
strengthened by a careful study of the glucosides which have
been prepared synthetically, but it is not known in what manner
the glucoside is united with the other compounds making up the
natural glucosides.
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DisTrIBUTION OF GLUcOSIDES.—This class of substances has
only been isolated in the Dicotyledons, being present in the Pina-
cez, Graminea, Liliacew, Iridacew, Salicaceze, Fagacex, Moracez,
Urticacez, Proteacee, Santalacex, Polygonacez, Caryophyllacez,
Ranunculacez, Magnoliacee, Calycanthacez, Anonacez, Moni-
miacez, Crucifere, Saxifragacez, Rosacez, Leguminosa, Tropzo-
lace, Linacee, Rutacee, Simarubacez, Polygalacee, Anacar-
diacez, Corynocarpacee, Aquifoliace®, Celastracee, Hippocas-
tanaceae, Sapindacex, Rhamnacez, Vitacee, Tiliacee, Malvacez,
Theacex, Dipterocarpacex, Cistacex, Caricacer, Datiscacee,
Thymeleacez, Lythracez, Punicacez, Combretacee, Myrtacee,
Araliacee, Ericace®, Primulacez, Sapotacez, Oleacez, Logania-
cex, Gentianacez, Apocynacee, Asclepiadacex, Convolvulacez,
Hydrophyllacee, Boraginacez, Verbenacez, Labiate, Solanacez,
Scrophulariacez, Bignoniacez, Orobanchacez, Globulariacez,
Rubiacez, Caprifoliacee, Cucurbitaceaz, and Compositz.

CuEMICAL CLASSIFICATION.—The natural glucosides may be
grouped either according to the nature of the sugar formed on
hydrolysis or their probable organic derivatives. Most glucosides
yield either dextrose or rhamnose. (1) Of the dextrose-gluco-
sides the following may be mentioned: ZAsculin, amygdalin, arbu-
tin, coniferin, fraxin, gaultherin, gossypetin, gynocardin, indican,
iridin, linamarin, phloridzin, populin, prulaurasin, ruberithrinic
acid, salicin, sambunigrin, saponarin, serotin, sinalbin, sinigrin,
and syringin. (2) Of the rhamnose-glucosides the following may
be mentioned : Baptisin, datiscin, frangulin, fustin, glycyphyllin,
and quercitrin. (3) There are a few glucosides which yield
peculiar sugars, as apiin, which on hydrolysis gives apiose and
dextrose; barbaloin forms d-arabinose; convolvulin yields rho-
deose and dextrose; digitalin forms digitalose and dextrose;
digitonin forms galactose and dextrose; digitoxin yields digi-
toxose; gentiin yields xylose and dextrose; hesperidin forms
rhamnose and dextrose, which are also formed from naringin and
rutin; robinin forms galactose and rhamnose; strophanthin yields
rhamnose and mannose; vicianin forms arabinose and dextrose;
and xanthorhamnin yields galactose and rhamnose.

Rosenthaler (Pharm. Zentralh., 1907, p. 94) has attempted
to group the glucosides, according to the constitution of the non-
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sugar substance formed on the hydrolysis of the glucoside. He
has given the non-sugar substances the class name of ** Aglykone,”
and groups the glucosides accordingly into the following three
classes: I. Glucosides without Nitrogen Aglykones. II. Gluco-
sides with Nitrogen Aglykones. III. Glucosides with Nitrogen
and Sulphur Aglykones. Class I are further subdivided into
whether they yield alipathic, aromatic, or other derivatives; each
of these again is further subdivided into a number of subgroups.
Among the alipathic aglykones are included the glucosides, jalapin
and convolvulin. The glucosides with aromatic aglykones are
subdivided as follows: (A) Those yielding benzol derivatives
and include arbutin, salicin, populin, gaultherin, etc. (B) Deriva-
tives containing the styrol nucleus include coniferin, daphnin, zes-
culin, scopolin, fraxin, naringin, and hesperidin. (C) Derivatives
containing anthracene in their constitution, as frangulin, morindin,
and the glucosides of emodin, rhein, etc. (D) Glucosides which
are derivatives of flavon include apiin, fustin, quercitrin, rutin,
xanthorrhannin. II. The glucosides with Nitrogen Aglykones
include a number of cyanogenetic glucosides, of which amygdalin
is the representative. III. The glucosides with Nitrogen and
Sulphur Aglykones include sinigrin and sinalbin found in the
genus Sinapis and other genera of the Cruciferz.  (Consult
J. J. L. van Rijn, “ Die Glykoside ’; O. A. Oesterle, “ Grundriss
der Pharmakochemie.”)

ProPERTIES OF THE GLUcosIDES.—Like the alkaloids, some of
the glucosides are highly toxic. Among those that possess a high
degree of toxicity may be mentioned convallamarin, digitalin, scil-
lain, strophanthin, sapotoxin, etc. They are soluble in water,
alcohol, ethyl acetate, and chloroform, and insoluble in ether. The
aqueous solutions are neutral or but faintly acid. Glucosides
may be separated from solutions of salts of the alkaloids owing
to the fact that they are soluble in chloroform and some other
of the immiscible solvents, providing the solution is slightly acid.
Most of the glucosides form well-developed crystals and may be
studied with a petrographical microscope (Fig. 99). There is
no special class of reagents, as with the alkaloids, used in their
detection; on the other hand, some of them give strikingly
distinct color reactions whereby they may be detected in the



F16. 99. Salicin. Orthorhombic crystals from alcoholic solution.

F1G6. 100. Cocaine hydrochloride. Aggregates from aqueous solution.

CRYSTALS IN POLARIZED LIGHT (Crossed nicols).
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tissues of the plant. With very few exceptions, however, the
color reactions are not satisfactory.

Micro-CHEMISTRY OF GLUcoSIDES.—Although the glucosides
upon extraction from the plant tissues form well-defined crystals
(Fig. 99), they have not been identified as such in the plant.
A few have been identified by giving distinct color reactions with
certain reagents. The glucoside strophanthin can be detected in
the seeds of Strophanthus hispidus. This glucoside is colored a
brilliant green with sulphuric acid and is confined to the cells of
the endosperm. The test is carried out as follows: Sections
are mounted first in water and then transferred to a drop of
sulphuric acid contained on the same slide, when the cells con-
taining strophanthin are colored a bright green. Saponin is an-
other glucoside which, it is stated, may be readily detected in
plant cells, giving a reddish color reaction with sulphuric acid.
Lafon’s reagent also may be applied for the detection of saponin;
this consists in the use of two solutions: (a) equal volumes of
alcohol and sulphuric acid; (b) a very dilute solution of ferric
chloride. The sections are placed in solutions (e¢) and then a
drop of solution (&) is added. Cells containing saponin are col-
ored red, changing to violet, becoming brownish-blue, or brown
upon the addition of ferric chloride. Coniferin, the glucoside
found in the cells of pine and other Coniferous trees, is colored
red with sulphuric acid; it also gives a characteristic reaction on
treatment of the section first with phenol, followed by sulphuric
acid or hydrochloric acid, it becoming a deep blue almost instantly.

Tue SaroNiNs are a group of glucosides which possess the
common property of forming a froth on shaking their aqueous
solutions, and are present in the ‘soap-plants,” which have
been widely used as detergents. The saponins also dissolve the
red blood-corpuscles, and for this reason are considered to be
toxic substances. They have been found in the cell-sap of a large
number of plants, occurring in parenchyma cells and medullary
rays of roots and stems, the secretion cells and secretion reser-
voirs of leaves, and all parts of fruits and seeds. A large number
of principles have been isolated from different plants, some of
these being given distinct names, but the majority of them are
homologous substances having the general formula C H,, O,,.
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On account of some of the saponin-containing plants being added
to beverages and used as emulsifying agents, the toxicity of a
number of the saponins has been studied, those which are highly
poisonous being known as sapotoxins. The following are some
of the plants which contain sapotoxin: Quillaja Saponaria (9 per
cent.), Agrostemma Githago (6.5 per cent.), Saponaria officinalis
(4 to 5 per cent.), and Polygala Senega (2.5 per cent.).

Saponins have been found in more than a hundred different
plants, including one or more genera of the following families:
Liliacez, Dioscoreacez, Aracez, Chenopodiacez, Phytolaccacez,
Caryophyllace, DBerberidace, Magnoliaceze, Ranunculacee,
Bixacex, Theacex, Rutace®, Zygophyllacee, Meliacez, Simaru-
bacez, Sapindaceaz, Hippocastanacee, Melianthacez, Polygalacez,
Pittosporacez, Rhamnacex, Saxifragacee, Passifloracee, Big-
noniacee, Myrtacee, Rosacee, Leguminose, Primulacez, Sapo-
taceze, Oleacee, Solanacez, Scrophulariacez, Rubiacee, and
Compositee.

‘Gluco-alkaloids represent a class of compounds intermediate
between the alkaloids and glucosides, possessing characteristics
of each. To this class belong achilleine, found in various species
of Achillea, and also solanine, found in a number of species of
Solanum.

Funcrions oF ALkALoIDS AND GLUCOSIDES.—In the growth
of the plant there must not only be an adaptation to the external
conditions and provision made to protect the plant against tem-
pests, drought, excessive light, extreme temperatures, etc., but
the plant must protect itself from diseases as well as from the
depredations of animals. As a rule, plants, particularly of the
tropics, depend on their own power to repair any injury to which
they may be subjected. Nevertheless, there are many plants
which produce poisonous substances, and these are usually sup-
posed to have the function of protecting them from various dis-
eases, as well as attack by herbivorous animals. Many of the
alkaloids and glucosides are apparently aplastic substances,—i.e.,
are formed either occasionally or continually as unavoidable by-
products of metabolism, or are produced for special purposes.
Some of these principles, as asparagine, an alkaloid, and hesperi-
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din, a glucoside, are not only products of constructive metabolism,
but are entirely reassimilated.

SusLIMABLE PRINCIPLES.—Quite a number of plant principles
are capable of being sublimed. Not only is this true when they are
in- the pure state, but also when they are associated with other
compounds in the plant cell. This fact is of very great interest in
the examination of commercial articles and also in the study of
the localization and distribution of plant constituents. The method
of procedure is very simple, and a small quantity of material
only is necessary, usually from 0.020 to 0.050 Gm. being required.
In the study of leaves a fragment about 10 square millimeters is
sufficient. The material is dried, either cut up or more or less
comminuted and placed in a small watch crystal, the latter being
covered either with a slide or another watch crystal for the deposi-
tion of the sublimate. The watch crystal containing the material
is carefully heated either on a sand bath or on a bath containing
sulphuric acid (Figs. 101 to 104).

Rosenthaler (Ber. d. d. pharm. Ges., 1911, p. 338) has sug-
gested in the examination of powdered drugs a specially con-
structed apparatus. A small quantity of the powder is intro-
duced by means of a long funnel into a suitable tube, so that nene
of it comes into contact with the side walls. The powder should be
covered with a layer of asbestos to prevent any of it being carried
up mechanically. The tube is closed with a rubber stopper having
two holes, one of which carries a doubly bent tube leading to a
small vessel acting as a receiver, the other carrying a tube con-
nected with an air-pump. The air is exhausted and the tube con-
taining the drug is heated in a bath of sulphuric acid or paraffin.
A sublimate will form in the upper part of the tube containing
the material, and distillation products will pass into the tube
acting as a receiver and can be tested with various solvents and
reagents. Plants containing thein, vanillin, and cumarin may be
examined by direct sublimation in a watch crystal. Substances
which yield tarry distillate, as cinchona, hydrastis, piper, etc.,
probably are better examined using the apparatus described by
Rosenthaler. :

Tunmann (Ber. d. d. pharm. Ges., 1911, p. 312) examined a
number of plants of the Ericacea and found, by the microsublima-
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tion method, that they contained arbutin. The latter is a rather
widely distributed glucoside in this family and yields upon treat-
ment with solutions of emulsin or hydrochloric acid the sublimable
principle hydrochinon. The latter forms prisms and plates and
may be further examined with acetone solution, dilute solutions of

700,
//II//,’
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P16, 101. Alkaloids of hydrastis obtained by microsublimation. The method fol-
lowed by Tunmann is to mix from 0.010 to 0.050 Gm. of powdered hydrastis with a drop of
water upon a glass slide and heat to a temperature of 80° to 95° C. The sublimate consists
of a number of radiating particles in which different types of crystals very soon separate (A).
The microsublimate may be further treated with alcohol and a solution of potassium iodide,
when crystals of hydrastine (B) and needle-shaped crystals of berberine (C) form.—After
Tunmann in Gehe & Co.’s Handelsbericht, 1912.

ferric chloride and ammonia water. Arbutin occurs in the
leaves of Arctostaphylos Uva-ursi, Vaccinium Myrtillus, Kalmia
angustifolia, and Pyrola rotundifolia.

Rosenthaler obtained definite crystals in the microsublimation
or pyro-analysis of the following drugs: cinchona, uva-ursi, fran-
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gula, rhamnus purshianus, rheum, hydrastis, opium, cubeba, piper,
anisum, senna, radix scammoniz, chrysarobium, rheum rhaponti-

J

F1G. 102. Microsublimate crystals of alkaloids in hydrastis: A, White crystals of
hydrastine formed upon the addition of chloroform to the sublimate. B, Type crystals
obtained on the microsublimation of pure hydrastine hydrochloride. C, Type crystals
obtained on the microsublimation of pure hydrastinine hydrochloride. D, Crystals of
hydrastine formed upon the addition of water to the amorphous and crystalline sublimate
bbtained in the heating of powdered hydrastis. E, Resublimed crystals of hydrastin
obtained from the chloroformic solution of the microsublimate.—After Tunmann in Gehe
& Co.’s Handelsbericht, 1912.

cum, jalapa, coca, stramonium, kamala, cousso, aurantii fructus
cortex, guarana, cacao, kola, cantharides, podophyllum, radix
canaigre, and kava-kava. (Consult Figs. 101 to 104.)
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The drugs thus far studied may to some extent be grouped
according to the sublimable constituents which give characteristic
reactions. I. Thein- or caffeine-containing drugs, as coffee, tea,
cacao, and guarana. 2. Arbutin-containing drugs or those yielding
hydrochinon, as uva-ursi and other Ericacex. 3. Drugs yielding
oxymethylanthraquinone and giving a distinct purple color with
solutions of the alkalies, as rhamnus purshianus, frangula, rheum,
senna, etc.

FIG. 103. Alkaloids of ipecac obtained by sublimation as follows: 0.050 Gm. of the
powdered drug is mixed with 2 drops of water on a glass. slide and heated; the third dis-
tillate at a temperature of 100° to 115° C. gives colorless or yellowish, highly refractive
globules (A) in which crystals of emetinseparate. B, Short, rod-shaped crystals of the double
salts formed on the addition of gold chloride to the globules of the oily distillate. C, Oily
globules of the distillate uniting and in which, upon the addition of potassium bismuth
iodide, small spherites arise. D, Crystals of the alkaloids formed on treating small sections
of ipecac or 0.001 Gm. of the powder with an aqueous solution of picric acid acidified with
hydrochloric acid. E, Crystals formed at edge of cover glass.—After Tunmann in Gehe &
Co.’s Handelsbericht, 1912.

Cell-sap Colors.—The majority of the other color-substances
found in the higher plants besides the green and yellow principles
previously mentioned occur in solution in the cell-sap, and may
be in the nature of secondary substances derived from the plastid
pigments, or they may be produced directly by the protoplasm.
Upon making sections of the tissues containing cell-sap color-
substances, not infrequently strikingly contrasting colors are
observed-in contiguous cells; as in the petals of the poppy and
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petals of certain lilies, where we find some cells of a deep purple
color, others of a deep red, and still others of intermediate shades.

These substances are easily extracted with water or dilute alco-
hol and are all more or less affected by certain chemicals (many
of which occur naturally in the plant), such as citric acid, oxalic
acid, salts of calcium, iron, aluminum, etc.
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F1G6. 104. Microcrystals formed in Kava-kava, the root of Piper methysticum: A,
crystals of methysticin obtained on treatment of sections of the root or the powder with
alcohol, the crystals being long rods, of a light yellow color, attaining a length of 0.160 mm.
and becoming of a violet red on the addition of sulphuric acid. B, Crystals of methysti-
cinic acid obtained upon heating a small quantity of the powder with one or two drops
of a solution of potassium hydroxide, then adding dilute alcohol and allowing the slide to
stand for 24 hours. Crystals of methysticin can also be obtained upon sublimation, pro-
viding the powder has been acted on previously with dilute sulphuric acid, emulsin, or
saliva.—After Tunmann in Gehe & Co.'s Handelsbericht, 1912.

A number of plant pigments of this class are used as indi-
cators in volumetric chemical analysis, their use in this connection
being dependent upon their sensitiveness to acids and alkalies.
The fact that they respond to iron salts,—that is, give a blue or
green reaction with these salts,—would indicate that they are
associated with tannin or that they are tannin-like compounds, as
has been supposed by some writers, but they behave very differ-

12
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ently from tannin toward other reagents, such as organic acids,
alkalies, lime water, and solution of alum.

An examination of the color-substances of a large number of
plants shows that the flower color-substances are distributed in
all parts of the plant. For example, the flower color-substance of
the rose occurs in the leaves and prickles as well as in the petals.

The color-substance in the root of the radish closely corre-
sponds to that in the flowers, while the one in the grains of black
Mexican corn corresponds to that in corn silk.

The cell-sap color-substances are usually found in greatest
amount at the tips of the branches, this being well marked in the
foliage of the rose, and may be said to be rather characteristic
. of spring foliage. Not infrequently in the purple beech the young
leaves will be of a distinct purplish-red color and almost entirely
free from chlorophyll, suggesting a correspondence in position
and color to a flower.

Color in Autumn Leaves.—The coloring matters in both
spring and autumn leaves closely resemble the cell-sap color-
substances of flowers, although it is the spring leaves which give
the most satisfactory results when examined. The fact that in
the autumn leaves there ‘is little or none of the plastid pigment
present would point to the conclusion that the color-substances
occurring in these leaves are in the nature of by-products and of
no turther use to the plant. Of course, in the case of autumn
leaves, we know that these products cannot be further utilized
by the plant, and for this reason we are justified in regarding
them as waste products.

So-called White Colors.—The so-called white colors in plants
do not properly belong to either class, but may be said to be
appearances due rather to the absence of color, and depending
upon the reflection of light from transparent cells separated by
relatively large intercellular spaces containing air. In other words,
the effect produced by these cells may be likened to that produced
by the globules in an emulsion. The white appearance is most
pronounced in the pith cells of certain stems, where on the death
of the cells the size of the intercellular spaces is increased and
the colorless bodies in the cells as well as the walls reflect the
light like snow crystals.
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CHEMISTRY OF PLANT CoLoR PrincrrLes.—The substances
giving colors in plants may be divided into two classes: 1. Sub-
stances having a specific color, as chlorophyll in leaves, chromo-
phyll in flowers and fruits, and anthocyanin, the cell-sap color
in flowers. 2. Substances which, while they themselves are color-
less and known as leuco-compounds, yet form color derivatives.
Some of these are more or less readily oxidized, forming charac-
teristic color-substances, as brazilin. Again, some occur as gluco-
sides which through the action of ferments yield color-substances,
as quercitrin, which yields the yellow pigment quercetin. All of
the researches which have been made seem to indicate that the
color in plants is due to a basic substance or nucleus, and that
the variation in color is due to the nature and arrangement of
certain groups and side chains. For example, benzo-quinhydrone
is green in color, while thymo-quinhydrone is of a purplish color
(Pharm. Review, 1908, p. 330). Again, the hydroxybenzoquinones
vary in color with the number of hydroxy groups, hydroxybenzo-
quinone being of a light yellow, di-hydroxybenzoquinone is of a
dark yellow, tri-hydroxybenzoquinone is of a black color, and
tetra-hydroxybenzoquinone is of a bluish-black color.

In the artificial dyes there are a number of so-called chromo-
phores or chromophorous groups (radicals) characteristic of the
various classes. In plant color-substances, on the other hand, we
find the carbonyl group (C=0), the imido group (NH), and
C=C group. The introduction of the chromophorous radical
gives a basic compound which is more or less colored and known
as a chromogen. The intensity of the color varies on the intro-
duction of certain salt-producing groups or auxochromes. In
the case of plant pigments, the most important of these is the
hydroxyl group, and, as we have just seen, the intensity of color
varies according to the number of these groups.

According to their constitution, plant color principles may be
arranged into six different classes: 1. Phenol derivatives, includ-
ing orcin, the coloring principle in many lichens, that forms color-
less prisms which become red; and thymo-quinone found in
Monarda (Kremers, in Pharm. Rev., 1908, p. 329). 2. Naphtha-
lene derivatives, including juglon, which forms garnet-colored
needles. 3. Anthracene derivatives, including alizarin, the color-
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ing principle in madder root. 4. Pyrone derivatives, of which
there are several, as gentisein, maclurin, catechin, and rottlerin.
being xanthone derivatives ; quercetin, rhannetin, and fisetin, which
are flovone derivatives ; and haematoxylin and brasilin, being chro-
mene derivatives. §. Isoquinoline, of which berberine is an ex-
ample. 6. Benz-pyrrol derivatives; in this group is indigotin or
indigo blue, the coloring principle in Indigofera tinctoria.

ORIGIN AND FORMATION OF ANTHOCYANIN.—At the present
time it is very difficult to determine the nature of the chemical
processes which underlie the formation of anthocyanin, or the
pigment dissolved in the cell-sap and giving the blue, purplish, and
reddish color to flowers, fruits, etc. A great many observations
have been made on the distribution of anthocyanin, the nature
of the constituents with which it is associated in the plant cell,
and their relation to various metabolic processes. In order to
determine the Mendelian factors for color it is necessary that
we have a definite knowledge concerning the nature and formation
of this pigment. Of the numerous theories which have been
proposed concerning the formation of anthocyanin, that proposed
by Muriel Wheldale (Jour. Genetics, 1911, p. 134) seems the most
plausible and is as follows:

(1) The soluble pigments of flowering plants, collectively
termed anthocyanin, are oxidation products of colorless chromo-
gens of an aromatic nature, which are present in the living tissues
in combination with sugar as glucosides.

(2) The process of formation of the glucoside from chromo-
gen and sugar is of the nature of a reversible enzyme action:

Chromogen + sugar <—glucoside + water.

(3) The chromogen can only be oxidized to anthocyanin after
liberation from the glucoside, and the process of oxidation is
carried out by one or more oxidizing enzymes:

Chromogen + oxygen = anthocyanin.

(4) From (2) and (3) we may deduce that the amount of free
chromogen, and hence the quantity of pigment formed at any
time in a tissue, is inversely proportional to the concentration
of the sugar and directly proportional to the concentration of
glucoside in that tissue.

(5) The local formation of anthocyanin, which is character-
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istic of the normal plant, is due to local variation in concentration
of either the free sugars or the glucosides in the tissues in which
the pigment appears. The abnormal formation of pigment under
altered conditions is due to differences in the concentration of
these same substances due to changes in metabolism brought about
by these conditions.

(6) On the above hypothesis the formation of anthocyanin is
brought into line with that of other pigments produced after the
death of the plant, as, for example, indigo and the post-mortem or
respiration pigments, so termed by Palladin.

FuncrioNn oF PLanT CoLors.—A great many theories have
been advanced as to the nature and uses of color-substances by
the plant. With the exception of chlorophyll present in the chloro-
plastid and its relation to photosynthetic processes little is known
concerning the other pigments. Without attempting to discuss the
various theories which have been proposed concerning their uses,
the following facts should be borne in mind:

1. The occurrence of chromoplastids in a reserve organ, as in
the tuberous root of carrot, and the similar occurrence of chromo-
plastids and of reserve starch in the petals of the buttercup, lead
to the inference that the petal of the buttercup, like the root of the
carrot, has the function of storing nutrient material. In each case
cells containing chromoplastids rich in nitrogenous substances are
associated with cells containing reserve materials. )

2. The distribution of the so-called flower color-substances in
other parts of the plant than the flower shows them to be in the
nature of metabolic substances, and that the part which they play
in attracting insects to flowers is incidental rather than funda-
mental. (The fact that certain colored flowers as in spruce are
pollinated by the wind would tend to confirm this view.)

3. Unorganized or cell-sap color-substances are distributed
usually in largest amount at the termini of the branches, as in
flowers and terminal leaves, or in roots, or in both tops and roots.
Their occurrence in those portions of the plant which are young
and growing points to the conclusion that they are not to be disre-
garded in the study of metabolic processes. Goebel likewise
holds to this view. He says that it is ““ very probable that the
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feature of color which so often appears when the propagative
organs are being brought forth has some connection with definite
metabolic processes, although up till now we cannot recognize
what these are.”

ARrTIFICIAL COLORING OF FLoWERs.—Ever since the time of
Magnol (1709) there has been considerable interest in the subject
of coloring white flowers. A number of aniline dyes can be used,
but those belonging chiefly to the azo and rosaniline coloring
matters, especially the acid dyes or those used for dyeing wool,
give the best result. These dyes are readily soluble in water, and
the solutions are made up of a strength of 1 part of dye to 1,000
parts of water. The effects are best seen in white flowers and
are produced by allowing the flower-stalks to remain in the solu-
tions from one to two hours, when they are placed in water.
With some flowers, as the cultivated anemones, the effects are
noticeable in from ten to fifteen minutes. Some flowers will take
up the dyes better than others. White flowers may be changed
to yellow, orange, blue, green, purplish-red or magenta, crimson,
purple, salmon-pink or gray by the use of the following dyes:

1. Yellow flowers are produced by the use of the dye known
commercially as “ Acid Yellow A. T.” which is chemically the
sodium salt of disulpho-diphenylazin-dioxytartaric acid.

2. Orange-colored flowers may be produced by the use of the
jdye “Orange G. G.,” which is the sodium salt of benzene-azo-g-
'naphthol-disulphonic acid.

3. Blue flowers may be produced by the use of the dye
“Cyanol F. F.,” which is the sodium salt of meta-oxy-diethyl-
diamido-phenyl-ditolyl-carbinol-disulghonic acid.

4. Green flowers may be produced by the use of equal parts
of the dyes “ Acid Yellow A. T.,” and “ Cyanol F. F.”

5. Purplish-red flowers are produced by the use of the dye
““ Acid Magenta,” which is the sodium salt of the trisulphonic
acid of rosaniline.

6. Crimson flowers may be produced by the use of equal parts
of the dyes “ Acid Yellow A. T.” and “ Acid Magenta.”

7. Purple flowers may be produced by the use of equal parts
of “ Cyanol F. F.” and “ Acid Magenta.”
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8. Salmon-pink flowers may be produced by the use of the dye
* Brilliant Croceine M. O. O.,” which is the sodium salt of ben-
zene-azo-benzene-azo-B-naphthol-disulphonic acid.

9. Gray flowers may be produced by the use of the dye “ Naph-
thol Black B.,” which is the sodium salt of disulpho-g-naphtha-
lene-azo- ¢-naphthalene-azo-B-naphthol-disulphonic acid.

Calcium oxalate is found in many of the higher plants, and
in the algae and fungi as well ; while in the mosses, ferns, grasses,
and sedges it is seldom found. It occurs in plants in crystals of
either the monoclinic or tetragonal system. The crystals dissolve
in any of the mineral acids without effervescence, and their identity
is usually confirmed by the use of dilute hydrochloric acid. The
crystals of the monoclinic system are rather widely distributed,
while those of the tetragonal system are less frequent in their
occurrence.

The crystals belenging to the monoclinic system (Fig. 105)
may be subdivided according to their prevalent forms into a num-
ber of sub-groups. d

I. Soritary CrystaLs.—These are usually in the form of
rhombohedra, sometimes in twin crystals of variable size (Fig.
108). They are very widely distributed, occurring in a number of
modifications in the same plant, and are often very characteristic in
the identification of economic products. The crystals of this group
are sometimes mistaken for silica, owing to the fact that in some
instances the lumen of the cell is completely filled by the crystal,
and, the inner wall having the contour of the crystal, it is impossible
to determine whether the crystal is affected by the use of hydro-
chloric acid. It should be stated in this connection that silica
never occurs as a cell-content in sharp, angular crystals, but either
in more or less ellipsoidal or irregular hollow masses, or in some-
what solid, irregularly branching forms (Fig. 109).

II. CoLUMNAR CRYSTALS or “ styloids,” being elongated prisms
of the monoclinic system (Fig. 107, C), and when typical recall
the crystals of gypsum. They also occur in twin-forms, some-
times replacing raphides, and occasionally show a number of
transition forms.

Solitary crystals in the form of rhombohedra or styloids occur
in a number of drugs, as follows: Acer spicatum, calumba, carda-
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F1G. 105. Monoclinic crystals of calcium oxalate: A, a to f, crystals from the paren-
chyma of the bark of the horse-chestnut (Esculus Hippocastanum); B, a to c, from the pith
of Periploca greca; C, a to e, from the parenchyma in the region of the fibrovascular bundles
in Musa sinensts; D, a to ¢, from the petioles of the pinnate leaves of Cycas revoluta; E, a to
¢, crystals from the bark of the guaiac tree; F, a single crystal from Citrus eurantium; G,
a to c, rectangular crystals from a Brazilian bignonia.—After Dippel in *‘ Das Mikroskop.""
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momuny, coca, eucalyptus, frangula, gelsemium, granatum, hama-
melis, hyoscyamus, Jamaica quassia, krameria, pimenta, Prunus
serotina, quercus, quillaja, rhamnus purshianus, senna, uva-ursi,
vanilla, viburnum prunifolium, and xanthoxylum.

III. ROSETTE AGGREGATES of calcium oxalate consist of numer-
ous small prisms and pyramids, or hemihedral crystals more or
less regularly arranged around a central axis, and have the appear-

F1G. 106. Orthorhombic crystals of calcium oxalate: A, a to f, crystals from the leaves
of the onion (4llium Cepa); B, a to g, crystals from the stem of Tradescantia viridis.—After
Dippel in *‘ Das Mikroskop." '

ance of a rosette or star (Fig. 107, 4). The development of -
these aggregates may be readily observed in the 'stem of Datura
Stramonium. Crystals of this class are more widely distributed
than any of the others, and are characteristic of a number of drugs.

Clustered crystals in the form of rosette aggregates occur in
numerous drugs, as follows: Althza, anisum, buchu, calendula,
cannabis indica, carum, caryophyllus, castanea, chimaphila, conium,
coriandrum, cusso, eriodictyon, euonymus, feeniculum, frangula,
galla, geranium, gossypii cortex, granatum, humulus, jalapa, pilo-



186 A TEXT-BOOK OF BOTANY.

carpus, pimenta, rheum, rumex, senna, stillingia, stramonii folia,
viburnum opulus, and viburnum prunifolium.

IV. RarHIDES are groups of needle-shaped crystals, especially
prevalent in Monocotyledons (Fig. 107, B). They have been mis-

F1G. 107. Forms of calcium oxalate crystals: A, transverse section of rheum show-
ing rosette aggregates of calcium oxalate in three of the cells and starch grains in some of
the others; B, longitudinal section of scilla showing raphides; C, longitudinal section of
quillaja showing large monoclinic prisms of calcium oxalate and also some starch grains;
D, transverse section of belladonna root showing one cell filled with sphenoidal micro-crys-
tals, the remaining cells containing starch,

taken by several observers for calcium phosphate. Calcium phos-
phate, however, occurs in plants either in solution or in com-

bination with protein substance. The cells containing raphides
are long, thin-walled and contain, sconer or later, a mucilage,



CELL-CONTENTS AND FORMS OF CELLS. 187

which arises from the cell-sap, is stained by corallin, and behaves
with reagents much like cherry-gum. The cells are either isolated
or occur in groups placed end to end, as in Veratrum viride.

Raphides are found in relatively few drugs, as follows:
Cinnamomum, convallaria, cypripedium, ipecacuanha, phytolacca,
sarsaparilla, scilla, vanilla, and veratrum viride.

V. CrystaL FiBers.—In quite a number of drugs a single
monoclinic prism or a rosette aggregate occurs in each of the
parenchyma cells adjoining the sclerenchymatous fibers, and to
this single longitudinal row of superimposed cells the name crystal

n

F1G. 108, A, transverse section of hyoscyamus leaf showing monoclinic prisms of
calcium oxalate, also a twin-crystal; B, longitudinal section of glycyrrhiza showing a
crystal fiber, i.e., a row of superimposed cells, each containing a polygonal monoclinic
prism of calcium oxalate, the crystal filling the cell. Adjoining the crystal fiber is a group
of bast fibers on one side and some cells containing starch on the other.

.
fiber has been applied (Fig. 108, B). Crystal fibers are typical
of the following drugs: Aspidosperma, frangula, glycyrrhiza,
haematoxylon, hamamelis, Prunus serotina, quercus alba, quil-
laja, rhamnus purshianus, and uva-ursi.

V1. Micro-crysTaLs are exceedingly small (about 0.2 to 10#
in diameter ), apparently deltoid or arrow-shaped, and so numerous
as to entirely fill the parenchyma cells in which they occur, giving
the cells a grayish-black appearance which readily distinguishes
them from other plant cells (Fig. 107, D). It has been sup-
posed that they are tetrahedrons, but they are probably sphenoids
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in the monoclinic system, inasmuch as monoclinic prisms occur in
neighboring cells in the same plant or drug, as in stramonium,
quassia, etc. Because they are so small and in many instances
not clearly defined they have been termed by the Germans “ crystal-

A B ¢

Fi1G. 109. Various forms of Silica found in plants. Long rods and spindle-shaped
masses (A) and star-shaped fragments (B) found respectively in the thalloid structure
made up of roots and shoots and in the leaves of Tristicha hypnoides, a small, moss-like
plant (Podostemacea) growing on rocks, etc., in running water, especially in waterfalls.
C, a longitudinal section of the petiole of Caryota urens, a palm of Eastern Asia, showing
grape-like clusters of silica completely filling the cells, D, hat-shaped fragments of silica
occurring on the edge of the leaves of Cusparia macrophylla, a rutaceous tree growing near
Rio Janeiro; in a, b, ¢, side views of the masses, whereas in d the surface view shows a struc-
ture resembling that of sphero-crystals, E and F, siliceous fragments from the leaves of an
orchid, Oncidium leucochilum, growing in Guatemala; in E is shown a base fiber with siliceous
masses somewhat resembling the crystal-fibers of calcium oxalate, and in F the isolated
siliceous masses are seen.—A and B, after Cario; C and D, after Rosanoff; E and F, after
Pfitzer.—From Dippel in ‘“Das Mikroskop.”

sand”’ (Kristallsand). The typical tetrahedral form was recog-
nized by the French and termed “ sable tetraedrique.”

Sphenoidal micro-crystals are found in the following drugs:
Belladonnz folia, belladonnz radix, cinchona, dulcamara, phyto-
lacca, quassia, Solanum carolinense, and tabacum.
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VII. MEMBRANE CRrystaLs.—There are several forms of
crystals which may be included in this group. The so-called
Rosanoff crystals consist of rosette aggregates attached to inward-
protruding walls of the plant cell. These, however, do not concern
us so much as the large monoclinic crystals which have a mem-
brane surrounding them. The crystal first appears in the cell-sap,
and then numerous oil globules appear in the protoplasm around
it; later some of the walls of the cell thicken and grow around
the erystal, which they finally completely envelop, as in Moracez.

Crystals of the orthorhombic system may occur either as soli-
tary crystals or rosette aggregates, or in the form of acicular
crystals and probably micro-crystals, being usually much smaller

than the single crystals of the monoclinic system.
Solereder, in his work on “ Systematic Anatomy of the Dicoty-

ledons,” states that the systematic value of the study of the forms of
crystals varies considerably. While in some instances a certain
form of crystal is characteristic of an entire order, yet in other
cases it serves to distinguish only genera or species. In practical
work in the identification of economic products the study of the
forms of crystals is very important. A few instances may be
mentioned. In Jamaica quassia calcium oxalate occurs in the
form of 4- to 6-sided rhombohedral crystals, whereas in Surinam
quassia the crystals are few or entirely wanting. In Levant
scammony root occur numerous monoclinic prisms of calcium oxa-
late, whereas in the Mexican root the crystals are chiefly in the
form of rosette aggregates. In the bark of Viburnum Opulus the
calcium oxalate occurs almost entirely in the form of rosette aggre-
gates, whereas in the bark of Acer spicatum solitary rhombo-
hedral crystals are prevalent. In the identification of many
drugs the presence or absence of calcium oxalate crystals and
the study of the prevalent forms is very important (Fig. 110).
Owing to the importance of the study of calcium oxalate an
enumeration of the families in which calcium oxalate occurs is

|

given.

I. Crystals of calcium oxalate, either in the form of solitary
rhombohedra or clustered aggregates, are found in the following
families: Aceracez, Ampelidacez (also raphides), Anacardiacez,
Apocynacez, Araliace, Asclepiadacez, Derberidacex, Bignonia-
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F16. 110. A few illustrations showing the practical value of the study of calcium
oxalate: A, digitalis, without any calcium oxalate; B, hyoscyamus in which monoclinic
prisms predominate; C, belladonna, characterized chiefly by sphenoidal micro-crystals as
well as occasional prisms; D, stramonium, having rosette aggregates in addition to prisms
which are found in the petioles and stems and sphenoidal micro-crystals, which are abundant
in the root.—a, upper epidermis; b, lower epidermis; ¢, non-glandular hairs (which'in stra-
monium are tuberculate); d, glandular hairs; e, calcium oxalate crystals; f, fragments of
xylem showing trachea with bordered pores (s), reticulate markings (r), simple pores (p),
spiral thickening (1), and wood fibers (w); g, bast fibers, which, together with wood fibers,
are wanting in digitalis.
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cex (also in the form of octahedra and small acicular crystals),
Bixacez, Bruniacee, Burseracez, Buxacee (also styloids and
micro-crystals), Cactacez, Canellacez, Capparidacee, Caprifolia-
cee, Caryophyllacez, Casuarinacez, Celastracee, Combretaceza,
Convolvulacez (also small acicular crystals), Cornacee (also
micro-crystals), Ebenacex, Ericacez, FEuphorbiacez, Fagacea,
Geraniacez (also raphides), Guttiferee, Hamamelidacez, Hippo-
castanacez, Hypericacex, Juglandacee, Lecythidacez, Linacee,
Loganiacex, Loranthacee, Lythracex; Magnoliacez, Malpighia-
cee, Malvacee, Meliacez, Menispermacee (also small acicular
crystals), Moracex, Myricacex, Myrsinacez, Myrtacea, Oleacez,
Passifloracez, Pittosporacea (also columnar crystals), Platana-
cex, Plumbaginacez, Podostemacex, Polygalacez, Polygonacez,
Portulacacez (also micro-crystals), Rhamnacez, Rhizophoracez,
Rosacez, Rubiacez (also raphides, micro-crystals, rhombohedra,
and small acicular crystals), Rutacezx (also styloids and raphides),
Salicacez, Santalacex, Sapindacez, Sapotacez (also micro-crys-
tals), Saxifragacez, Simarubacee, Solanacex (also micro-crys-
tals), Staphyleacez, Sterculiacez, Theacez (also raphides and
styloids), Thymelsacez (also micro-crystals), Tiliacea, Ulmacez,
L'h1belliferae, Urticacez, Vaccinacex, Verbenacex (also small
prisms and acicular crystals), Violacee, and Zygophyllacee.

Solitary rhombohedra are found in a relatively few families
and are characteristic of the following: Connaracew, Crassulacez,
Cucurbitacee, and Leguminosz.

I1. Crystals in the orthorhombic system occurring in the form
of small octahedra or prisms, as twin-crystals, and in the form of
short rods or needles are found in the following families: Acera-
cex, Apocynacez, Araliace®, Aristolochiacez, Begoniacex, Dig-
noniacex, Boraginacee, Cactacez, Casalpinacex, Calycanthacez,
Campanulacez, Canellacez, Capparidacez, Chenipodiacez, Com-
positee, Convolvulacez, Gentianacea, Gesneracea, Guttiferz, Lau-
racex, Loganiacez, Magnoliacee, Melastomacez, Menispermacez,
Moracee, Myristicaceze, Monimiacee, Oleacez, Papilionacea,
Phytolaccacew, Piperacex, Polemoniacez, Ranunculacez, Rubia-
cex, Saxifragacez, Scrophulariacer, Simarubacer, Solanacea,
Sterculiacez, Styracace, and Zygophyllacez.
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III. Rosette aggregates or clustered crystals sometimes accom-
panying other forms are found in the following families: Acantha-
cex, Begoniaceaz, Boraginacex, Calyceracez, Campanulacez, Can-
dolleacez, Chenopodiacez, Chloranthacez, Elatinacee, Empetra-
cee, Gentianacez, Gesneracez, Hydrophyllacez, Labiate, Loasa-
cee, Magnoliacezz, Melastomacex, Melianthacese, Myristicacea,
Nepenthacez, Nymphzacez, Onagracex, Papaveracee, Phytolac-
cacez, Piperacez, Polemoniacez, Ranunculacez, Sarraceniacez,
and Turneracez. 3

IV. Spherites (sphere-crystals), or rosette aggregates com-
posed of very small needles, have been observed in certain plants of
the following families: Aceracez, Asclepiadacez, Berberidacee,
Cactacez, Combretacea, Crassulaces, Empetracee, Euphorbiacez,
Geraniacez, Melastomace®, Papilionacez, Phytolaccacez, Rosa-
cee, and Solanacez.

V. Raphides are sometimes associated with other forms of
crystals, as micro-crystals, rosette aggregates, rhombohedra, and
styloids. They are widely distributed among the Monocotyledons
and occur in the following Dicotyledons: Geraniacez, Gesneracez,
Melianthacez, Phytolaccaces, Rubiacez, Rutaces, Saxifragacea,
Theacez, Urticacez, and Zygophyllacez. ;

PLANT PROTEINS.

The proteins are nitrogenous compounds, most of which con-
tain sulphur and some of which contain phosphorus. Their con-
stitution or the molecular structure of their molecules has not
been determined, but they are very large, and are built up of amino-
acids, the simplest of which is glycocoll (amino-acetic acid).

Apart from the protoplasm found in living cells, the propor-
tion of proteins in plants is relatively small, except in seeds, where
they serve as nutriment during the germinating period, being made
available by the action of proteolytic enzymes. Most of the plant
proteins are GLOBULINS, and collectively have been termed phyto-
globulins. (1) The globulins are insoluble in pure water and in
dilute acids, but are soluble in dilute solutions of sodium chloride
(1 to 20 per cent.), ammonium chloride, sodium sulphate and
dilute solution of potassium hydrate, from which solutions they
may be precipitated by dilution, dialysis, or acidification with CO,
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or dilute acids, or by “ salting out ”” by the use of strong or satu-
rated solutions cf ammonium sulphate, magnesium sulphate, or
sodium chloride. (2) The proteins which contain phosphorus are
sometimes called phytovitellins, as legumin in peas, which contain
0.35 per cent. of phosphorus. A third class of plant proteins,
which are alcohol-soluble, are found in cereals, as the gliadin
of wheat and rye and the zein of maize. The cohesive and dough-
ing properties of wheat flour are attributed to the association of
gliadin and another protein called glutenin.

Some of the plant proteins occur naturally in the crystalline
form, either free in the cytoplasm, as in the potato tuber (Fig. 111,
A), or as components of aleurone grains, as in the seeds of
Ricinus communis and Brazil nuts (Fig. 111, B and D). Phyto-
globulins in the form of crystals and spheroids have been obtained
from extracts of flax-seed, hemp-seed, Brazil-nut, castor-oil seeds
and others. Protein crystals are, according to Wichmann, iso-
morphic, and probably belong to the hexagonal system (Iig. 112).

Aleurone grains are made up of phyto-globulins (formerly
called crystalloids), globoids and a ground mass, the whole being
enclosed by a membrane-like material. They may be studied by
taking advantage of the difference in solubility of the substances
composing them. The membrane, or lining of the protoplasm,
while soluble in water, remains intact with sections examined in
any of the fixed oils, as cotton-seed oil. Usually seeds which
contain aleurone are rich in fixed oils, and if this oil is first removed
by placing fresh sections in alcohol, or alcohol and ether, the
subsequent study is facilitated. If the sections thus treated are
mounted in water, the membrane gradually dissolves, leaving,
the globulins, globoids, and calcium oxalate. On adding a o.1
to T per cent. solution of either sodium or potassium hydrate, the
globulins dissolve, the globoids and calcium oxalate crystals re-
maining unaffected. The globoids may be dissolved by the use
of a 1 per cent. acetic acid solution, or concentrated solutions of
ammonium sulphate or monopotassium phosphate. The calcium
oxalate remaining may then be treated with hydrochloric acid in
the usual way.

CLASSIFICATION OF PROTEINS.—A committee on protein nomen-
clature of the American Society of Biological Chemists proposed

13
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a classification of Proteins based chiefly on their solubility under
different conditions, There are some eighteen different classes
recognized, and these are brought under three principal groups:
(1) Simple Proteins, as albumins, globulins, glutelins, prolamins,
etc. (2) Conjugated Proteins, or complex substances, as nucleo-

3% @ o

FiG. 111. Phyto-globulins: A, cell of tuber of white potato (Solanum tuberosum)
showing protein cyrstals (k), starch grains (st), nucleus (n); B, aleurone grains of the
seed of the castor-oil plant (Ricinus communis); C.aleurone grains of fruit of fennel (Fenic-
ulum vulgare) containing large calcium oxalate crystals (Ca) which are strongly polarizing,
as shown in the isolated grains; D, aleurone grains of Brazil-nut (Bertholletia excelsa);
g, globoids; k, protein crystals.
proteins, which are compounds containing both nucleic acid and
protein. (3) Derived Proteins, or compounds resulting from the
action of enzymes or acids upon proteins.

I. Most of the investigations up until now have been con-
ducted on the Globulins, which are distinguished by being insoluble
in water but soluble in saline solutions. A number of them readily

crystallize, and these can be generally obtained by diluting their
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sodium chloride solutions with water heated from 50° to 60° until
a slight turbidity forms. Warm the diluted solution until the tur-
bidity disappears and then allow it to cool slowly, when well-
defined crystals of the protein separate (Fig. 112). Crystals of
the globulin (so-called excelsin) of Brazil-nut were obtained by
Osborne by simply dialyzing the faintly acid saline solution in
running water. Many of the globulins have received distinctive
names, as Amandin, found in the almond, peach, plum, and apri-
cot; Avenalin, found in oats; Castanin, found in European chest-
nut; Conglutin, found in lupines; Corylin, found in hazel-nut;
Edestin, found in hemp-seed; Excelsin, found in Drazil-nut;
Glycinin, found in soy-bean; Juglansin, found in European wal-
nut, American black walnut, and butter-nut; Legumin, found in
peas and lentils ; Maysin, found in Indian corn or maize ; Phaseolin,
found in kidney and lima beans; Tuberin, found in the potato;
Vicilin, found in peas, horse-bean, and lentils ; and Vignin, found
in cow-pea. Globulins have also been isolated from the seeds of
other plants, but to these distinctive names have not yet been
given. Among these may be mentioned barley, cocoanut, castor-
bean, cotton-seed, flaxseed, mustard-seed, peanut, radish-seed,
rape-seed, rye, sesame-seed, sunflower-seed, and squash-seed.

II. ALBumiNs are distinguished from globulins by the fact
that they coagulate on the application of heat; they are also solu-
ble in water, showing neutral or but a slightly acid reaction. Most
seeds and probably most plant juices yield proteins which are as
well entitled to be placed in the group of albumins as any of
those of animal origin. The best characterized vegetable albumins
are Legumelin, found in lentils, cow-peas, peas, and soy-beans;
Leucosin, found in barley, rye, and wheat; Phaselin, found in
kidney-bean; and Ricin, found in castor-bean.

III. Another well-defined class of Proteins are known as
GLUTELINS, which are characterized by being insoluble in neutral
aqueous solutions, saline solutions, and alcohol. The glutenin of
wheat is the best representative of this group.

IV. The alcohol-soluble proteins, known as Prolamins, have
been found in corn, oats, sorghum, and wheat. It has recently been
proposed to bring this group of proteins in a group by themselves
and call them “gliadins,” but as this name has been used to
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designate a definite protein obtained from wheat, a more distinctive
name has been proposed by Osborne, who calls this group “ pro-
lamins,” because all its members which have thus far been hydrol-
yzed yield a relatively large quantity of both proline and amide
nitrogen. The prolamins are characterized by their solubility in
alcohol from 70 to go per cent. They are nearly or wholly insoluble
in water, but their salts are freely soluble in solutions of acids or
alkalies. (See “ The - Vegetable Proteins,” by Thomas B.
Osborne.)

GLUTEN is a mixture of proteins occurring in wheat. It con-
sists of about 4 per cent. of gliadin (prolamin) and 4 per cent. of
glutenin (glutelin). On an average 100 pounds of flour will yield
8 pounds of gluten. The “ hard ” wheats contain more gluten than
the “soft” varieties. The gluten of wheat is said to possess a
higher dietetic value than the gluten of corn or rye. Crude gluten
may be prepared by making a dough with 30 Gm. of flour and
about 15 c.c. of water. This is allowed to stand for an hour
and the starch washed out by kneading it between the fingers under
a gentle stream of tap water. The resultant product is of a
grayish color, sticky, tough, and elastic, and when pure is capable
of being drawn out into long bands or shreds. The strength of a
flour,—i.e., its capacity for making a porous and spongy loaf,—de-
pends mainly on the quality and quantity of gluten it contains.
In the preparation of ordinary flour much of the layer containing
gluten is separated with the coats of the grain in the course of
bolting. Graham flour, on the other hand, being unbolted, has
practically the same constituents as the wheat grain itself. The
name “ gluten flour ” is applied to one in which the greater part
of the starch is removed. Gluten flours are used by diabetic
patients and have a high nutritive value when scientifically pre-
pared.

ToxaLBuMINs orR Toxic ProTEINs.—Proteins which are ex-
ceedingly toxic have been isolated, from several plants. That
the protein substances possess poisonous properties has sometimes
been questioned, but there seems to be no doubt but that true
toxalbumins occur not only in seeds; but in other parts of the
plant. The following of these principles have been rather care-
fully studied: Ricin, found in the seeds of Ricinus communis; .



CELL-CONTENTS AND FORMS OF CELLS. 197

“N“” mw L».n
,M \ a0

F1G. 112. Phyto-globulins (crystaloids) from several sources: A, a, b, from the white
potato; B, a tof, from the seeds of castor oil plant (Ricinus communis); in b and b are shown
different views of the same crystal; C, a to f, from the seeds of the Brazil nut (Bertholletia
excelsa),—After Dippel in * Das Mikroskop.'
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Abrin, occurring in the seeds of Abrus precatorius; Curcin, in the
seeds of Jatropha Curcas; Crotin, in the seeds of Croton Eluteria;
and Robin, in the bark of Robinia Pseud-acacia. The pollen
of rye is also said to contain a toxalbumin, which, when adminis-
tered in extremely small doses, accentuates the symptoms of hay
fever in patients afflicted with this disease. Under the name of
“ Vegetable Agglutinins ” have been brought those protein sub-
stances which when added to a suspension of blood-corpuscles rap-
idly cause them to agglutinate. Those substances that possess
the same properties but are not poisonots are known as
“Phasins.” (Consult “ The Vegetable Proteins,” by Osborne;
and “ Beitrage zur Kenntnis der vegetabilischen Himagglutinine,”
by R. Kobert.)

ORrIGIN AND FoRMATION OF PLANT PrOTEINS.—It has been
shown that carbohydrates originate in chloroplastids and are
formed under the influence of sunlight from two simple substances,
viz., carbon dioxide and water. Protein substances, on the other
hand, are not formed in any definite organ, but arise in the proto-
plasmic contents of the cell. This function is not limited to the
protoplasm of green plants, as fungi also possess this property.
Furthermore, proteins may be formed in organs growing in the
dark as well as those exposed to the light. Proteins arise through
the interaction of nitrates, sulphates, and compounds of ammonia
with either formaldehyde or some simple carbohydrate. It is -
supposed that the nitrates and sulphates are decomposed by plant
acids, furnishing the necessary nitrogen and sulphur. Treub,
by reason of his studies on Pangium edule, has advanced the theory
that in the construction of protein compounds the nitrogen is
supplied by hydrocyanic acid. Apart from the facts just men-
tioned, all theories with regard to the formation of proteins are

"mere speculations.

We are indebted to Emil Fischer and his students (“ Unter-
suchungen fiber Aminosauren Polypeptide und Proteine,” Berlin,
1906) for much information concerning the structure of proteins.
They have prepared synthetically several protein-like substances,
although no natural occurring protein has as yet been obtained.
From these studies it has been shown that proteins belong to a



CELL-CONTENTS AND IFORMS OF CELLS. 199

class of chemical substances designated as ““ polypeptides ™ which
are formed by the condensation of several amino acids.

THE PERCENTAGE OF PROTEIN IN PrLanTs.—The amount of
protein in plants varies considerably. It is found in greatest
amounts in seeds, especially in the seeds of the Leguminosz and
the grains of cereals. It is also found in surprisingly large quanti-
ties in a number of the vegetables. Were it not for the fact that the
fungi contain large quantities of water, they would be considered
the most nutritious of all vegetable foods, as they contain in dry
substances over 30 per cent. of protein. As the fresh mushrooms,
however, contain nearly go per cent. of water, this brings the pro-
tein content to but about 5 per cent. The percentage of protein
in dried material from a number of sources may be of interest, as
follows:

Grains or Cereals—Barley, 7.64 to 17.90; buckwheat, 9.75 to
17.25; corn, 6.41 to 17.02; oats, 8.35 to 21.88; rye, 8,39 to 17.38;
rice, 6.49 to 12.81; and wheat, 8.30 to 27.88.

Leguminous Seeds—Kidney beans, 22.53 to 36.46; lentils,
14.58 to 34.34; lima beans, 15.94 to 25.63; Lupinus luteus, 15.62
to 61.27; peanut, 25.39 to 33.73; peas, 21.59 to 32.94; soja beans,
24.38 to 49.10; string beans, 13.06 to 20.19; and icia faba, 21.00
to 36.10.

Miscellaneous Seeds.—Beechnut, about 23; cacao, 7.32 to
15.94; cocoanut, 7.75 to 10.90; chestnut, 5.15 to 15.75; hazel-nut,
16.23 to 21.22; flaxseed, 18.49 to 33.80; mustard, 15.50 to 39.66;
coffee, 17.11 to 25.00; rape-seed, 15.18 to 28.13; ricinus, 16.35 to
22.28; sunflower-seed, 5.67 to 33.89 ; sweet almond, 17.50 to 20.62.

Common Vegetables—Asparagus, 15.12 to 33.52; sugar beets,
3.IT to 23.02; garden beets, 4.19 to 29.27; carrots, 3.79 to 16.64;
cauliflower, 17.23 to 37.75 ; celery, 8.44 to 25.19 ; cucumber, 21.38 to
26.06; garlic, 1.17 to 13.50; parsnips, 6.38 to 13.50; potatoes, 2.21
to 17.59; sweet potatoes, 1.70 to 19.61; radish, 13.00 to 22.13;
spinach, 27.50 to 45.33; and turnips, 4.0T to 21.00.

Fruits.—Apples, 0.22 to 1.32; apricots, 0.13 to 1.79; bananas,
3.37 to 7.75; cherries, 0.97 to 4.75; cucumber, 21.38 to 20.06;
currants, 0.I1 to I.44; figs, 0.90 to 2.58; gooseberries, .21 to .04 ;
grapes, 0.22 to 1.20; lemons, 0.49 to 2.90; musk melon, 4.69 to
22.23; oranges, 4.83 to 2.24; peaches, 0.23 to 1.07; pears, 0.19 to
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0.56; plums, 0.27 to 0.99 ; prunes, 0.59 to 0.69; pumpkin, 30.31 to
36.25 ; raspberries, 0.18 to 1.47; strawberries, 0.35 to 1.05.

Spices—Anise, 16.31 to 18.15; capsicum, II.20 to 16.81;
cardamom, 5.50 to 14.77; caraway, 19.43 to 20.25; cloves, 4.73 to
7.06; cinnamon, 1.0I to 8.00; coriander, 10.94 to 12.03; curcuma,
0.18 to 12.56; dill, 6.75 to 21.56; fennel, 16.28 to 17.19; ginger,
3.27 to 10.83; mace, 4.55 to 7.80; mustard, 15.50 to 39.66; nutmeg,
5.16 to 7.12; pepper, 15.18; paprika, 10.9 to 27.16.

Miscellaneous—Agaricus campestris, 20.63 to 62.94; sea-
weeds, 5.56 to 39.25.

CarcruMm CARBONATE occurs occasionally in the form of a cell-
content, being present in trachez or vessels and tracheids of the
heart wood, as well as in the medullary rays and pith cells of
certain plants. In this form it is rather characteristic of one or
more genera in the following families: Aceracez, Anonacez,
Cornace, Cupulifere, Rosacez, Salicacex, Sapotacez, Urti-
cacez, and Zygophyllaceee. When present it almost completely
fills the cells, and may be overlooked or referred to as resin unless
its identity is proved by the use of certain reagents. Like the
other carbonates, it dissolves with effervescence on the addition
of hydrochloric acid, nitric acid, acetic acid, etc., and in this way
may be detected.

Calcium carbonate is present in special structures known as
Cwystoliths. The latter are protuberances of the cell wall into the
cell, and consist of a stalk and a body (Fig. 113). The stalk
consists of a simple core of cellulose on which more or less silica
is deposited. The upper or body portion consists of a more or
less irregular spherical or ellipsoidal deposit of calcium carbonate.
These are found in the parenchyma cells in roots and barks and the
subepidermal cells of leaves. They are also found in epidermal
cells, as in the short hairs of Cannabis sativa. Cystoliths occur
in certain genera of the Acanthacez, Borraginacez, Cucurbi-
tacez, Gesneracez, Oleacez, Ulmacex, Moracez, and Urticacez.

Cystoliths occur in a number of modifications, and, while they
are usually simple, yet in some of the Acanthacez and Urticacez
branched cystoliths occur. In some of the genera of the Cucur-
bitacez 2- to 4-adjoning cells may have cystoliths, and hence are
known as “ double cystoliths.” The cystoliths found in hairs, as
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in Cannabis sativa, do not usually have a stalk, and are known
as “ hair cystoliths.” The latter are, furthermore, variously modi-
fied, and may have incrustations of either calcium carbonate or
silica or a mixture of both of these substances. In the Begoniacez
occurs a certain form of structure resembling a cystolith, but it is
uncalcified, and consists of a mucilaginous substance which is
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Fi1G. 113. Cystolith., A cross section of a portion of the leaf of Ficus elastica showing
cells of the upper epidermis (e), cells of the hypodermal layer (h), among which is a large
cell containing a cystolith (c); palisade cells (ch).—After Sachs.

sometimes more or less impregnated with resin. These are known
as “cystotyles.” The protuberances found on the walls of
certain epidermal cells and in the subsidiary cells of hairs may
be either calcified or silicified, and occur in the families containing
true cystoliths and also some genera of the following: Com-
positee, Campanulacez, Oleacez, Leguminose, Hydrophyllacez,
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Scrophulariacez, Polemoniacez, Verbenacea, Euphorbiacez, and
Urticacez.

Sirica is seldom found as a cell-content, and when present
never occurs as a crystalline deposit, being usually in the form of
amorphous masses, termed * silica-bodies” (Fig. 109). The
latter arise either in the cell-sap or the silica is deposited on the
cell-wall, ultimately filling the lumen of the cell. In the palms the
silica-bodies resemble stalkless cystoliths (Fig. 109, C). They may
also occur in the form of long rods, being more or less fusi-
form or rectangular, or in the form of discs showing a more or less
sphero-crystalline structure, or in other special forms (Fig. 109).
Silica-bodies have been found in the Palmz, Orchidacea, Podoste-
macez, and Rutacez. Silica is insoluble in any of the ordinary
solvents, being dissolved only by hydrofluoric acid. On incinerating
the tissues it is not destroyed. The presence of silica may be deter-
mined readily upon heating sections with sulphuric acid or any
reagent that destroys organic matter.

Silica usually occurs as an incrustation in the cell-wall, being
found in epidermal cells, spinose hairs, and even the palisade and
mesophyll cells of quite a number of plants. Siliceous walls are
rather characteristic of the genera of the following families:
Acanthacee, Aristolochiace, Bignoniacez, Borraginacez,
Burseraceee, Calycanthacez, Campanulacez, Chloranthacez,
Combretacez, Composite, Cucurbitacez, Dilleniacez, Euphor-
biacee, Gesneracez, Goodeniacee, Hydrophyllacez, Leguminose,
Loranthacee, Magnoliaceze, Melastomace, Menispermacez,
Oleacez, Piperacez, Proteacex, Rosacex, Rubiacex, Santalacez,
Saxifragacez, Urticacez, and Verbenacez.

TANNINS AND TANNIDES.—There is a group of water-soluble
principles that occur in the cell-sap, especially of parenchyma
cells, of a large number of plants. They are derivatives of phenol
and phenol acids, and give either dark blue or green precipitates
with solutions of ferric chloride. They were formerly designated
as tannins and distinguished according to the plants from which
they were obtained ; thus we had chestnut tannin, oak tannin, etc.
Recent studies on the constitution of these substances show that
there are two principal groups of tannins, (1) being in the nature
of glucosides and (2) the other not yielding any dextrose on
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hydrolysis with acids. Both of these groups may be subdivided
into two classes, namely, (A) those which probably are deriva-
tives of protocatechuic acid and (B) those which are derivatives
of gallic acid. A class name has been given to include these
subgroups, namely, * tannides ” or ““tannoids.” The _first sub-
group (A) would then include the protocatechuic-tannides or
-tannoids, and the second (B) would comprise the gallic-tannides
or -tannoids. In working out a system of classification of this
kind Kunz-Krause (Swheiz. Woch. f. Chem. u. Pharm., 1898, p.
424) has arranged all of the possible tannides or tannoids and
has given the formula for a number which have not yet been
found in nature.

CuEMICAL PROPERTIES OF TANNINS.—The tannins are amor-
phous substances and do not form crystalline salts. They are
soluble in water, alcohol, ethyl acetate, or a mixture of alcohol
and ether. They are almost insoluble in anhydrous ether, chloro-
form, and the other immiscible solvents. The solutions give dis-
tinct color reactions or precipitates with ferric chloride, stannous
chloride, and acetates of copper and lead. They form soluble
compounds with iodine and prevent the latter from giving the
characteristic blue reaction with starch. Solutions of tannin
give insoluble precipitates with cinchonine and other organic
bases. Tannins are, furthermore, especially in alkaline solutions,
powerful reducing agents, their resulting products being of a
dark red or yellowish-red color.

Upon treatment of tannins with dilute acids, or fusing with
the alkali hydroxides, or heating alone, several classes of products
are formed.

1. When heated in a sealed tube at 100° C. solutions of tannin
in a 1 per cent. solution of hydrochloric acid yield either crystal-
lizable acids, or phlobaphenes, or insoluble red substances. (4)
The following glucosidal tannins yield crystallizable acids: The
tannin from nut-galls, divi-divi (fruit of Cesalpinia coriaria),
myrobalans (fruit of Terminalia Chebula), rind of pomegranate
fruit, and coffee. (B) Phlobaphene is a reddish, or brownish-red,
amorphous substance formed from the tannin of willow bark. Tt
is insoluble in water but soluble in alcohol, dilute solutions of
the alkalies and alkali carbonates, and solutions of borax. (C)
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Quite a number of tannins yield a reddish, amorphous substance
which precipitates out of the acid solution and is insoluble in
water, alcohol, and solutions of the alkalies. Derivatives of this
kind are obtained from the tannin of kino, krameria, etc.

2. When tannins are fused with potassium or sodium hydrox-
ide several classes of products are formed, depending on the con-
stitution of the tannin. (4) Protocatechuic acid is formed not
only on the fusion of certain tannins, but may be prepared from
other plant substances, as wvanillin, asafcetida, myrrh, etc.
Usually other substances are formed in the interaction, these
being either acetic acid or phloroglucinol. In this class are in-
cluded the most of the tannins, which on heating with dilute
acids yield either phlobaphenes or insoluble red substances. (B)
Pyrogallol, which is commercially prepared by the dry distillation
of gallic acid, is also formed from the glucosidal tannins which
yield crystallizable acids in acid solutions.

3. Upon carefully heating tannins to a temperature of 19o°
to 200° C. they are decomposed and yield two distinct classes of
derivatives, being either (A) pyrocatechol (a diatomic phenol)
or (B) pyrogallol (a triatomic phenol). Both of these substances
are crystalline and may be sublimed unchanged. They are,
furthermore, both soluble in water, alcohol, and ether, and are
distinguished by giving very characteristic reactions with certain
reagents. Solutions of pyrocatechol are colored dark green with
ferric-alum and greenish with copper sulphate + ammonium
hydrate, or concentrated sulphuric acid. Pyrogallol is colored
bluish-black with ferric-alum, becoming green and finally brown;
brownish with copper sulphate -+ ammonium hydrate, or sul-
phuric acid, and becoming violet with lime water, rapidly chang-
ing to brown. Pyrocatechol is formed from those tannins which
produce protocatechuic acids on fusion with potassium hydroxide
and phlobaphenes or insoluble red substances on treatment with
acids. Pyrogallol is formed on heating those tannins which also
yield pyrogallol on fusion with potassium hydroxide and yield
either gallic acid or ellagic acid on hydrolysis with acids.

MicrocHEMISTRY OF TANNINS.—Tannin ocurs as a constituent
of the cell-sap, and the cells containing it may be determined by
use of dilute solutions of methylene blue, as proposed by Pfeffer,
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which colors the cell-sap blue, afterward precipitating the tannin.
This reagent has the advantage that when used in very dilute
solution (1 part methylene blue to 500,000 of water) it does not
injure the protoplasm of the living cells, so that the cut end of a
twig may be placed in the solution for 1 to 24 hours and sections
examined from time to time. Another reagent that is very
satisfactory in the examination of living material is a solution of
ammonium carbonate, which causes a precipitation of the tannin
in the cells in the form of very small globules or rods. This solu-
tion may be used either directly upon sections or by placing freshly
cut stems in dilute solutions (I part ammonium carbonate and
200 parts water). Ammonium carbonate does not precipitate
gallic acid and therefore may be advantageously used in the study
of the development of tannin and related substances, as in galls.
The following reagents also give distinct reactions for tannin.
Copper acetate in concentrated aqueous solutions is one of the
very best reagents for the localization of tannin cells. It is em-
ployed by allowing the leaves or twigs to remain in the solution
for some days, when the tannin forms a reddish-brown precipitate
in the cells. Ferric chloride and ferric acetate also precipitate
tannin. Moeller has suggested the use of a solution of iron
chloride in anhydrous ether, the cut pieces of the stems and leaves
being placed directly in this reagent. Potassium bichromate and
chromic acid in dilute solutions give yellowish-brown or blackish-
brown precipitate with tannin.

DistripuTioN OF TANNIN.—There are very few plants in
which tannin does not occur in some of the parts or at least in cer-
tain cells during some period in their development. This is fre-
quently noted in making sections of plant material with a razor; the
liberated cell-sap is colored a dark blue. It is found in the form of
highly refracting globules in the Zygnemacez and other Alge. It
occurs in relatively large amounts in some of the ferns, and, with
the exception of the Monocotyledons, is widely distributed in the
Spermophytes. As tannin is widely used in the making of leather
and as a mordant .in dyeing, etc., it is extracted from various
plants and is an article of commerce. The following are some
of the important tannin-yielding plants: The bark of hemlock
(Tsuga canadensis, Fam. Pinacez) yields nearly 14 per cent. of
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tannin; the bark of several species of Pinus (Fam. Pinacez)
growing in southern Europe yields 7 to 10 per cent. of tannin;
the barks of the white spruce (Picea canadensis) of Canada, of
the larch (Larix laricina) of northern and northwestern part of
United States and Canada, and of the fir (Abies balsamea) yield
similar amounts of tannin as the barks of hemlock and pine. The
wood of chestnut (Castanea dentata, Fam. Fagacex) yields 8 to
10 per cent. of tannin ; the bark of several species of Salix (Fam.
Salicacez) growing in northern Europe yields 3 to 12 per cent.
of tannin; the bark of chestnut oak, white oak, red oak, etc.
(Fagacez), yields 12 to 15 per cent. of tannin; the scaly in-
volucres or acorn-cups (under the name of “ Valonia”) of
several species of Quercus growing in southern Europe and
Levant yield 25 to 35 per cent. of tannin; the fruit of Terminalia
Chebula (under the name of “ Myrobalans™) yields 35 to 40
per cent. of tannin ; the stems and leaves of several species of Rhus
(Anacardiace®) yield 16 to 24 per cent. of tannin; the fruit of
Cesalpinia coriaria (Fam. Leguminosz) (under the name of
“divi-divi ") yields 30 to 50 per cent. of tannin; the wood and
the bark of several species of Schinopsis (Fam. Apocynacez)
growing in South America yield from 15 to 23 per cent. of tannia,
which is usually found in commerce in the form of an extract
known as “ Quebracho Extract ”; the bark of the common horse-
chestnut (Esculus Hippocastanum, Fam. Sapindacez) yields
considerable tannin, and is employed in Italy ; the bark of Myrica
Nagi (Fam. Myricacex) contains I1 to 14 per cent. of tannin;
the bark of Malpighia glabra (Malpighiacex) (under the name
of “ Nance bark”) is used in Mexico and yields about 26 per
cent. of tannin; the bark of Stryphnodendron polyphyllum (Fam.
Leguminosa) yields about 30 per cent. tannin. The tannin of a
number of other plants has been investigated, some of these being
used in medicine, as granatum, catechu, kino, krameria, tor-
mentilla, gambir, etc. (see Vol. II).

GaLLs.—There are a number of excrescences, found upon the
leaves and twigs of a number of plants, termed galls. These result
from injuries caused chiefly by insects, and are therefore in the
nature of pathological products. Galls which are formed on
trees which in-themselves contain considerable tannin usually
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yield very large amounts of tannin. Nut-galls formed on certain
species of oak yield 65 per cent. of tannin. The Japanese galls
and Chinese galls formed on the leaf stalks and young branches
of some species of Rhus contain about 70 per cent. of tannin.
The galls found occasionally on sumach (Rhus glabra), a shrub
abundant in North America, yield over 60 per cent. of tannic
acid. The tannins obtained from excrescences of this character
were at one time called “ pathological tannins,” to distinguish
them from the tannins formed naturally in the living plant, and
which were called * physiological tannins.” In the light of the
studies on the several tannins this terminology is no longer
accepted.

IncLusioN CELLS AND TANNIN IpIOBLASTS.—In a number of
plants occur special cells which vary considerably in form and con-
tents, but are distinguished by giving reactions for tannin. In-
clusion cells were first described by Fliickiger in the fruit of
Ceratonia Siliqua. These occur in the form of long tubes, which
are easily separated from the pulp, and the yellowish contents
are colored blue with solutions of ferrous sulphate or ferric
chloride. Recently Hanausek has contributed several papers on
the distribution of inclusion cells in a number of different plants.
In the leaves of Pistacia Lentiscus he found (Ber. d. d. Bot. Ges.,
1914, p. 117) that the upper row of palisade cells and the loose
mesophyll cells (Fig. 114, A4) contain numerous . somewhat
elongated, transversely striated bodies, which completely fill the
cells, These are colored dark green or blackish with ferric
chloride and a pale violet with a solution of potassium hydrate.
The contents dissolve on heating, changing to a brownish color.
They are also partly soluble in concentrated sulphuric acid, and
with solutions of vanillin + hydrechloric acid the contents are
colored red. They are not completely soluble in hot solutions of
potassium hydroxide, there always remaining a small, colorless
portion. The inclusions in the date (Fig. 114, B) and tamarind
resemble those found in the fruit of St. John’s Bread (Ceratonia)
and leaves of Pistacia. Inclusions have been found in the seed
coat of Pimenta and one or more fruits in the following families:
Anonace®, Anacardiaceze, Ebenacez, Eleagnacez, Leguminose,
Palmz, Rhamnacea, and Rosacez.
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TanNiN Ip1oBLASTS were first observed by Zopf in a number
of genera of the Fumariacee (Fig. 115). These are somewhat
analogous to and resemble the latex or pigment cells in the Papa-
veracez. They develop in the meristematic cells of certain tissue
systems and remain constant throughout the life of the plant. The

F1G6. 114. Inclusion Cells: A, section of leaf or Pistacia Lentiscus showing numerous
inclusion cells (in) in the upper palisade layer and cells of mesophyll; calcium oxalate
(kr); palisade layers (pa); loose mesophyll (m); fibrovascular bundle (1); upper epidermis
(ep); granules of fatty substance (i); lower epidermis (ep); stoma (sp). B, Inclusion cells
or tubes (k, 1, m) in the fruit of the date palm; k, showing a homogeneous amorphous
content; 1and m, separation of irregular inclusion masses in form of projections from the
wall.—After Hanausek.

cells vary in shape, composition of wall, and color of contents.
They may be either short, isolated cells or occur in chains; or
they may become elongated, resembling fibers. The walls may be
composed of cellulose or contain a certain amount of lignin or
suberin. Some of the cells may contain a nucleus. The cell-sap
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F1G. 115. Idioblasts containing tannin and anthocyanin: A-D, idioblasts in primary
cortex of root of Corydalis ochroleuca, showing a short, thin-walled cell with reddish sap
(A, t), and a long fiber with yellowish content (A, e); three short, thick-walled idioblasts
(B) with a reddish cell-sap; a short fiber with yellowish contents (C) and transverse sections,
through an idioblast (D), showing the thick, porous walls. E, a portion of an idioblast,
with thick, porous walls, from the pith of Fumaria muralis. F to H, idioblastsin Parnassia
palustris; F, portion of epidermis of leaf showing 5 idioblasts (t) with colorless but highly
refracting tannin content; G, portion of epidermal layer of corolla tube with reddish an-
thocyanin idioblasts (t); H, portion of epidermal layer at the base of corolla tube with
very long idioblasts (t) containing a red-colored cell-sap.—After W. Zopf, * Uber die
Gerbstoff- und Anthocyan-Behalter der Fumariaceen und einiger anderen Pflanzen,”
in Bibliotheca Botanica.

14
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may be either colorless or of an intensely yellow or bright red
color, giving a distinct reaction for tannin. The cell-sap is soluble
in water and in alcohol and gives an acid reaction. In the yellow
idioblasts upon treatment with nitric acid it is colored orange-red,
changing to reddish-brown; with concentrated sulphuric acid it
becomes orange-red and finally of a rose-red or crimson
color ; with solutions of the alkalies it becomes greenish, and it is
precipitated with solutions of potassium bichromate, ferric acetate,
or ferrous sulphate, the precipitates resembling those found with
tannin. Zopf found that the tannin idioblasts may possess either
a colorless content or, in addition, have a yellow coloring prin-
ciple (yellow anthocyanin) or a red pigment (red anthocyanin).
He considers that the yellow pigment is derived from a colorless
chromogen and that the red pigment may be formed from either
a colorless chromogen or from yellow anthocyanin. Further-
more, he concludes that there is a relationship in the Fumariacez
between the anthocyanin and tannin, as the two constituents are
always found in the same cell. It is rather interesting to note
that chloroplasts may be found in the idioblasts, and that sugar
is also a constituent in the idioblasts, occurring in the young roots
and stems of Diclytra spectabilis. ‘

Tannin idioblasts are found in the palisade tissues of leaves
or in the parenchyma cells of roots and stems of some of the
genera in the Geraniacez, Celastraceze, Rhamnacex, Legumi-
nose, Solanacex, Rubiacex, Scrophulariacez, Polygonacez,
Aristolochiacez, Piperacez, Euphorbiaceze and Moracez.

Tue Fixep O1Ls, Fats, ANpD WAXES include a group of sub-
stances which are widely distributed in plants, occurring especially
abundant in seeds, fruits, and barks. They are distinguished by
the fact that in their chemical constitution they possess radicals
of the fatty acids. In the diatoms, Vaucheria, and some of the
other lower plants fixed oils arise in the chromatophores in place
of starch, thus being the first visible product of photosynthesis.
Fixed oils usually occur in reserve cells as in seeds and the
parenchyma and medullary ray cells of roots and rhizomes. They
are either found in the vacuoles of the protoplasm or are formed
in the cell-wall, and usually are liberated in the form of globules
upon healing the sections or treating them with solutions of

.
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hydrated chloral or sulphuric acid. The fixed oils remain
liquid at ordinary temperatures, whereas the fats tend to solidify,
and are occasionally found in the form of crystals in plant cells
(Fig. 116)." Both of these classes are fatty acid-esters of
glycerin, whereas the waxes are combinations of fatty acids and

Fi1G. 116. Crystals of fixed oils: A, section of seed of the oil palm (Eleis guineensis)
treated with an alcoholic solution of iodine and very dilute sulphuric acid, showing stone
cells (sc); cells with homogeneous brown content (sa); cells with yellowish granular content
(sa’); and cells of endosperm (en) having porous walls (x), and containing phytoglobulins
(crystalloids) (P, p), associated with needle aggregates of the fatty acids. B, cross section
of a cotyledon of cacao, heated in a solution of potassium hydroxide, showing the epidermal
layer (ep) with hair (d), phytoglobulin (crystalloids) (al) and aggregates of fatty acids (f).
C, a few cells of the cotyledons of ripe cacao seeds mounted in glycerin, showing separation
of sphero-crystals of fatty acids in the oil and starch-bearing cells of endosperm.—After
Hanausek.

some alcohol other than glycerol (glycerin). According to this
distinction some waxes as myrtle wax, obtained from the berries
of Myrica cerifera, are classed among the fats, it being a mixed
glyceride of palmitic and lauric acids.

The fatty acids which enter into the constitution of the fixed
oils and fats belong to more than one series of hydrocarbons.
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The following acids are present in the vegetable oils and fat.
Normal caproic acid (C;H,,0,), Caprylic acid (C,H,,0,), and
Capric acid (C,,H,,0,) are found in cocoa-nut oil, expressed
from the seeds of the cocoa-nut (Cocos nucifera), and in palm-
nut oil, obtained from the oily sarcocarp of the drupes of the
palm, Eleis guineensis.

Lauric acip (C,,H,,0,) occurs in laurel-nut, obtained from
the seeds of Calophyllum Inophyllum (Fam. Guttifere), a plant
growing in the East Indies and Cochin China. It is also found in
cocoa-nut oil and certain other vegetable oils.

Myristic acip (C,,H,,0,) is found in certain vegetable fats,
especially in nutmeg and mace. This oil forms crystalline salts
with both potassium and barium.

Pavmrric acip (CiH,,0,) occurs combined with glycerol in
a large number of vegetable oils, especially in palm-nut oil, and
Japan wax. The latter is obtained from fruits of Rhus vernicifera
and R. chinensis. It is also found in myrtle wax, which occurs
as an incrustation on the fruits of the wax myrtle (Myrica
cerifera) and bayberry (M. carolinensis). This acid is not very
readily soluble in petroleum ether. A crystalline silver salt is
obtained by adding an alcoholic solution of silver nitrate to an
alcoholic solution of ammonium palmitate.

Stearic acp (C, H;,0,) occurs as a glyceride in cacao butter
obtained from chocolate seeds, and in “ Shea butter ” obtained
from the seeds of Butyrospermum Parkii, a tree growing in Upper
Guinea and in the region of the Nile.

Aracuipic acip (C,,H,,0,) occurs combined with glycerol in
peanut oil and other vegetable fats. The acid is soluble in boiling
alcohol, ether chloroform, benzene, and petroleum ether. It
forms crystalline salts of copper and silver.

Benenic acip (C,,H,,O,) occurs as a glyceride in “oil of
Ben” expressed from the seeds of Moringa pterygosperma, a
plant of the East and West Indies. This oil is used for the
preparation of cosmetics, by perfumers for extracting odorous
substances, and as a lubricating oil for clocks..

Ligyoceric acip (C,,H,;O,) occurs as a glyceride in peanut
oil, and is distinguished from arachidic acid in being slightly
soluble in cold alcohol.

€
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TicLic acip (C,H O,) occurs as a glyceride in croton oil,
and is soluble in water.

Hyroc.xic acp (C,,H;,0,) occurs combined with glycerol in
peanut oil and in corn oil. It is soluble in cold alcohol and
crystallizes in needles.

Lycorobic acip occurs, as a glyceride, in lycopodium épores,
and is related to hypogzic acid.

Orerc acip (C4H,,0,) occurs as a glyceride in many vege-
table oils. The glyceride of oleic acid occurs, as a rule, in larger
quantities in most fixed oils than any other glyceride, being present
in olive oil to the extent of 9o per cent. It is also found in a large
number of seeds, principally in cotton seed, hazel-nut, peanut,
sesame, walnut, corn, tea seed, almond, and the kernels of
apricot, peach, and plum. These oils are generally grouped to-
gether and known as the “olive oil group.” The sodium and
barium salts of oleic acid are crystalline.

Raric acip (C H,,0,) and Erucic acp (C,,H,,0,) occur
combined with glycerol in the oil obtained from rape or colza
seed and in other Cruciferous seeds.

Linoreic acip (C,H,;,0,) is the principal acid of the gly-
cerides forming the “linseed oil group” or “drying oils.” The
acid which is best known is that obtained from flaxseed or
linseed, the oil of which contains from 8o to 83 per cent. of
linoleic acid or its isomers. Linoleic acid is also present in the
fixed oil occurring in the seeds of the following plants: Hemp,
walnut, pine (Pinus sylvestris), fir (Abies balsamea), poppy,
safflower, sunflower, and seeds of a number of species of
Aleurites. The seeds of Aleurites moluccana yield the “ candle
nut oil 7’ of the South Sea Islands, and the seeds of A. cordata
yield the “ tung oil ” (Chinese wood oil or Japanese wood oil) of
China and Japan.

RicivoLeic acip (C H,,0,) occurs as a glyceride in castor
oil, and is the principal constituent of this oil. It is also present
in the seeds of other Euphorbiaceous plants, being found in croton,
curcas, etc., and is also found in grape seed. Ricinoleic acid is
soluble in alcohol and ether and is insoluble in petroleum ether. It
forms crystalline salts with barium, calcium, and lead.

Jarantc aco (C,,H,,0,) is the only dibasic acid occurring
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in natural fats, and is found in Japan wax. The crystals, formed
from the solutions in alcohol or chloroform, are heavier than
water.

Cuaauvrmoocric acip (C,gH,,0,) occurs as a glyceride in
chaulmoogra oil, being obtained from the seeds of Taraktogenos
Kurzii and other plants of the Bixacez. It has the composition
of linoleic acid, but a study of its constitution shows that it is in
the nature of a cyclic compound.

The following alcohols occur as esters in vegetable waxes:
Ceryl alcohol (C,H;,O), combined with palmitic acid, is the
principal constituent in opium wax. Ceryl alcohol is also present
in carnauba wax, which is obtained from the leaves of the Car-
nauba-palm (Copernicia cerifera). Carnauba wax also contains
myricyl or melissyl alcohol (C,,H;,0), the latter being either
free or combined as an ester of cerotic acid.

PuyTosTEROL, a compound isomeric with cholesterol
(C,;H,0), is found in the oils derived from a number of seeds.
It is unsaponifiable, and is found in the extracted oils to the extent
of about 1 per cent. Phytosterol crystallizes in the monoclinic
system (Fig. 117), whereas cholesterol, which occurs in most ani-
mal oils and fats, forms triclinic plates resembling rhombic prisms
(Bomer, Zeits. f. Unter. d. Nahr.- u. Genussmittel, 1898, p. 42).

LEeciTHIN belongs to a group of fatty substances containing
nitrogen and phosphorus, and in which the latter is present as
glycerophosphoric acid. They are sometimes grouped together
in a special class, known as “ phosphatides,” and are characterized
by containing one or more molecules of phosphoric acid, an alcohol
(as glycerin), one or more fatty acid radicals (as stearic or oleic
acid), and one or more nitrogenous bodies (such as choline and
allied substances). Lecithin occurs in seeds, buds, and young
shoots. In barley, wheat, and rye it occurs to the extent of 0.6 per
cent. ; in peas, 1.2 per cent.; lupine seeds, 2 per cent. ; mushrooms,
0.9 per cent.; dry yeast, 2 per cent. (For amount in other plants
see Amer. Jour. Pharm., 1914, p. 169.) According to Stoklasa, the
phosphoric acid of plants occurs in the form of organic com-
pounds, of which lecithin is an important example. It is formed‘
in those organs and under those conditions where photosynthesis
is possible. It is even thought that lecithin may be a product
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of assimilation in the chloroplastid. The fact that fungi con-
tain it shows that lecithin may be formed from protoplasm itself.
It is one of the most interesting compounds which has been
isolated from plants, and no doubt plays an important role in
the life of the cell.

Lecithin is a yellow, viscous, waxy substance soluble in oils
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F1G. 117. Phytosterol allowed to crystallize very slowly from strong alcoholic solu-
tions, the crystals being recrystallized until the melting-point is constant. I, crystal forms .
with parallel extinction C D, 1II, crystals with parallel extinction B C. 1II, crystals with
parallel extinction along the long axis. IV, common crystal forms of phytosterol. Phytosterol
is a constituent of most vegetable oils and is most abundant in peas, lentils, and other
Leguminous seeds. The presence of vegetable oils is detected in animal oils by a study
of the forms of crystals, those of phytosterol crystallizing in the monoclinic system, whereas
cholesterol forms crystals which belong to the triclinic system.—After A. Bomer, in Zeils.
f. Unter. d. Nahr.- u. Genussmaitel, 1898, p. 45.

and warm alcohol. In solutions of ether or chloroform it is pre-
cipitated upon the addition of acetone. In contact with water, it
separates in the form of spiral threads or loops, giving rise to the
“myelin forms” of Kirchow and Beneke. When examined
under the microscope a smear of lecithin, to which a drop of
water or a sugar solution has been added, sends out a number of
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rounded projections which gradually elongate and become more
and more abundant and intricate. If this process be allowed to
take place in a test-tube or other vessel that can be shaken, the
water becomes turbid through the dispersion of the delicate
microscopic myelin protrusions, and in course of time a uniform
emulsion of the lecithin in water is obtained, which consists of fine
swollen particles. This is a colloidal solution that can be filtered
without change. It is not coagulated by heat, nor precipitated by
salts of monobasic or tribasic metals.

Wax.—The epidermal layer of the plant shows a number of
modifications. It usually consists of an inner layer of cellulose
and an outer covering of cutin. While some of the lamelle be-
neath the cutin may be modified to mucilage or oil, the surface
of the cutin layer may have deposited upon it a coating of ‘wax.
Frequently the wax is in such small quantities that it is not ob-
served until the sections are heated to a temperature of go° to
100° C., when the wax separates in the form of oily globules.
Accordmg to De Bary, there are four principal forms of wax-
coatings.

1. It occurs in the form of minute rods or needles, such as are
found constituting the bloom of fruits as the grape and plum,
and the stems and leaves of Eucalyptus Globulus, Ricinus com-
munis, etc. 2. The most common form is a simple, granular
coating consisting of isolated grains which may lie together as a
single layer. These are found in the fruits of some of the
Crucifer®, Iris pallida, etc. 3. The coating may consist of
minute rods which may be more or less bent or curled, standing
perpendicularly on the cuticle, as in the sugar cane, canna, banana
plant, etc. 4. The wax incrustation may occur in the form of
membrane-like layers, varying from thin scales, as in Taxus
baccata, Portulaca oleracea, and various cacti, to thick layers
showing a striation and stratification similar to that found in
thick-walled cells, as in the fruit of Myrica, leaves of the wax
palm (Ceroxylon andicolum). According to Wiesner, the deposit
of wax is often crystalline, appearing in four-sided prisms. (Con-
sult A. deBary, “ Comparative Anatomy of the Organs of
Vegetation.”)

PrvysioLocy or Fars.—It is stated that in the photosynthetlc
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processes of some of the lower plants, as Vaucheria, Diatoms, etc.,
fixed oils rather than starch are formed in the chromatophores.
It is well known that in the cells of the bark of a number of plants
fixed oils are stored in place of carbohydrates. These facts show
that there is a very intimate relationship between the fixed oils and
other metabolic substances. Fixed oils constitute the reserve
materials in seeds, spores, pollen grains, and are even present in
the tubers of certain plants as Cyperus esculentus. The storing
of fixed oils instead of starch may be of some advantage to plants,
in that there is a greater supply of energy contained in them than is
present in the same quantity of any of the carbohydrates. Again,.
as the specific gravity of the fixed oils is less than that of the carbo-
hydrates, this is an advantage in those spores or seeds which are
disseminated by the wind and require to be as light as possible.

The fixed oils are more or less intimately associated with the
protoplasm occurring i vacuoles of the same in fruits and seeds.
The waxes which are secreted in the epidermal cells of leaves and
green stems, and also found as a covering of many fruits, serve to
protect the underlying cells from loss or excess of moisture,
from the attack of disease-producing micro-organisms, and also
prevent the interactions caused by some of their enzymes. The
resistance of certain micro-organisms, as the tubercle-bacilli, is
supposed to be due to some extent to the fatty substances in which
their bodies are enclosed or with which they are impregnated.
“Tt is held by some that the fats, or, more correctly, the lecithin
and phospholipines, are essential to the cohesion and physical
constitution of the protoplasm, so that any interference with the
physical state of these substances arrests the vital functions. The
cement which binds the organized matter together is loosened by
the solution in it of foreign substances, and it is the loosening
of the protoplasmic cement that makes it possible for the normal
processes of life to be carried on.

“ Attempts to form a concrete conception of the physical rela-
tionship in the structural organization of cells between fats on the
one hand and the other constituents of living matter on the other
have not been successful. Some have spoken of ‘lipoid mem-
branes ’ as if the living cell itself were enclosed in a fatty envelope
and accessible only to such substances as can permeate this envelope
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through chemical affinities with the fatty material of which it is
composed. Others are inclined to think of protoplasm as an
emulsion of proteins and ‘ lipoids.” Loeb and v. Knaff Lenz find
that sea-urchin eggs are liable to undergo cytolysis under the
action of any process, chemical or physical, that causes the cell
fats to become more fluid.” (Consult J. B. Leathes, “ The

Fats.”) :

Mucilages and Gums.—DBy the terms mucilages and gums are
meant those substances which are soluble in water, or swell very
perceptibly in it, and which, upon the addition of alcohol, are

. precipitated in the form of a more or less amorphous or granular
mass. Mucilage originates in the plant as a cell-content, or as a
modification of the wall. In the former case it arises as a product
of the protoplasm, or it may be a disorganization product of some
of the carbohydrates. When it arises through modification of
the wall it is spoken of as ‘‘ membrane mucilage,” and owes its
origin to several causes: either to a secondary thickening of or an
addition to the cell wall, or a metamorphosis of it, at least in part.
In the latter case it 'may arise either as a disorganization product
of the primary wall, or of the subsequent lamellee making up the
walls of the cells of the medullary rays, parenchyma, and other
tissues, as in Astragalus gummifer (Fig. 118), or it may arise
as an intercellular substance.

The following is a classification of some plants, based upon
the origin of the mucilage:

I. Mucilage in the form of a cell-content is of infrequent
occurrence in plants. It is usually present in the cells containing
raphides, especially in the Monocotyledons. Its orgin and de-
velopment may be easily followed in the tubers of a number of,
Orchids, especially those yielding salep. The mucilage arises very
early in the development of the cells surrounding the crystal-
groups, and continues to be formed as the crystals grow in size,
the protoplasm and nucleus being reduced to a very thin. layer
which lie next to the cell-wall. The mucilage of salep is colored
yellowish with iodine and sulphuric acid, or a yellowish-red or
rose-red with aqueous eosin solution, and a carmine-red with an
aqueous solution of Congo red. The cells containing mucilage are
easily differentiated from the surrounding cells by the use of
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alcoholic solutions of Congo red, methylene blue, etc., which dis-
tinctly color the mucilage in them. Cell-content mucilages are also
found in the fleshy scales of the onion, the rhizome of Agropyron
repens, the fleshy leaves of Aloe and other succulent plants. It

P1G. 118. Cross section through pith (m) and the inner portion of the wood (Ib) of
Astragalus gummifer, showing successive stages in the modification of the walls in the
formation of gum tragacanth (o, 1, 2, 3, 4). Some of the trachez (c) contain globular
masses of gym,—After Tschirch.
probably also occurs in this form in the Cyanophycez and in
some of the red algz, as Laminaria, although in the latter it is
formed chiefly as a modification of a cell-wall and the intercellular

substance. In Dicotyledons the mucilage which is present is
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usually formed as a modification of the cell-wall, and, according
to Solereder, it seems to occur in the contents of the cell in only
the following families: (Enotherace®. Rubiacez, and Vitacez, in

P1G6. 110. Cell-wall mucilage. A, transverse section of seed-coat of flaxseed treated
with water, showing the swelling of the mucilaginous layer situated beneath the cutin;
B, section of Althza root showing three large mucilage-cells; C, transverse section of elm
bark showing four large mucilage-cells. -
all of which the mucilage receptacles can be interpreted as being
incompletely differentiated raphide-sacs,—i.¢., without raphides.

II. Cell-membrane mucilage,—i.e., mucilage formed as a
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result of a metamorphosis of the cell-wall,—is of frequent occur-
rence, being found in all parts of the plant, including the endo-
sperm cells of seeds, parenchyma cells and medullary ray cells of
roots and stems, and epidermal cells of leaves, stems, fruits, and
seeds. Cell-membrane mucilage is also found in some of the
mucilaginous marine algz, as chondrus laminaria, etc., although
in the latter case the mucilage is often spoken of as being derived
from the intercellular substance, being a modification of the
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F16. 120. A, B, C, successive stages in the development of the mucilage hairs or glands
on the lobes of the leaves of Viola tricolor; D, young secretion hair showing some of the cells
with large nuclei and several vacuoles; E, mature hair; F, gland showing mucilaginous layer
beneath the cutin and the protrusion of a portion of the mucilage through the broken wall;
G, portion of leaf on the upper part of the lobes of which occur the mucilage glands.

primary wall. It may also occur as a result of a decomposition of
the secondary lamellze.

Four different forms of mucilage are recognized. 1. Mucilage
cells, or distinct cells resembling more or less the surrounding
cells, except that they contain mucilage, occur in the tissues of
leaves, petals, fruits, seeds, and the parenchyma cells of pith
and primary cortex of a number of plants. In this group may also
be included the gelatinized cells of the integumental tissues
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(epidermis and hypodermis), as these in many cases may be
mistaken, as in the Violacea, for distinct cells, although only the
‘inner walls of the epidermal cells are gelatinized. 2. Mucilage
cavities arise from the simultaneous gelatinization in the walls
of a group of cells. These are found in the cells of the pith,
cortex, and petioles in a number of plants of the Malvacea,
Sterculiace, Simarubacez, etc. 3. Mucilage canals are large
cavities formed either (A) as a result of the enlargement of the
intercellular spaces between the cells, the primary lamellee being
modified to mucilage; or (B) are formed by the disintegration or
breaking down of a number of cells, the walls of which become
gelatinized. In the former case they are spoken of as * schizog-
enous canals,” and in the latter as “lysigenous canals.” The
latter are the more common form and occur in the pith and
primary cortex of a number of plants belonging to the Guttifere,
Malvacee, Sterculiacez, Oleacex, Rhamnace®, Vitacee, Legumi-
nosaz, Rosacex, Cactacez, Piperacez, Moracez, and Urticacez.
4. Glandular hairs (Druzenzotten). In this form (Fig. 118)
they are found in the lobes of the leaves and calyces of Viola
tricolor, Coffea arabica, and of Prunus avium.

CremricaL CrassiricatioNn orF MuciLaGe—Mucilages may
be distinguished, according to their behavior with special reagents,
as cellulose-mucilages or pectose-mucilages. = The former are
colored blue by chlor-zinc-iodide, and are soluble in ammoniacal
solution of cupric oxide. To this class belong the mucilages of
the tuber of salep and the seeds of cydonium. The pectose-
mucilages are distinguished by the fact that they are dissolved
on being heated with solutions containing from 35 to 65 per cent.
cane sugar. They are also stained intensely with solutions of
saffranin, methylene blue, or ruthenium red.

Mucilage is formed in large quantities in certain trees, and the
exudation which is collected forms the so-called gums of com-
merce. As these are largely used for a variety of technical pur-
poses, their chemical properties have been studied, so that four
distinct classes of gums are recognized.

1. Gums containing arabin or arabic acid. In this group are
included gum arabic, obtained from Acacia Senegal and other
species of Acacia; Feronia gum, obtained from Feronia elephan-
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tum (Fam. Rutacez), and Anacardium gum, obtained from
Anacardium occidentale.

2. Gums consisting of mixtures of arabin and cerasin (cerasic
acid). To this group belong the exudations formed on a number
of trees of the Rosacee, as cherry, almond, apricot, and plum.

3. Gums containing bassorin. Tragacanth is the typical gum

F1G, 121. Citrus vulgaris. Longitudinal section of a young fresh fruit showing a lysig-
enous oil canal or duct. Se, oil; Zs, cell sap; PI, cells in which the walls have been dis-
solved; f, thin-walled cells; D, thick-walled cells; K, nucleus; Chr, chromoplasts; o, crystals
of calcium oxalate: e, epidermis.—After Mevyer.
of this class. Included in this group are a few other gums which
find some commercial use, as cocoa-palm gum, obtained from the
bark of the cocoa-nut palm; chagual gum, obtained from Puya
coarctata (Fam. Bromeliacex), and Moringa gum, obtained from
Moringa pterygosperma (Fam. Moringacez).

4. Gums containing mixtures of cerasin and bassorin. The
East Indian gum, obtained from Cochlospermum Gossypium
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F16. 122. Development of schizogenous oleo-resin canals in Brauneria pallida. A,
intercellular space (o) between four parenchyma cells, being the seat of the early formation
of the canal and indicated by a yellowish oily content. B, intercellular oleo-resin canal
with five surrounding parenchymatous cells (p). C, later stage of canal showing separation
of small oily globules in the intercellular substance. D and E, the intercellular substance
showing an almost protoplasmic-like structure, some of the lining cells being developed as
papille and suggesting that they might be in the nature of secretion cells, although it is
now considered that the oils and resins of this character are formed from a resinogenous
layer in the wall. F, longitudinal section showing the elongated secretory canal between
the rows of cortical parenchyma.
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(Fam. Cochlospermacez), has been used as a substitute and
adulterant of tragacanth.

VoratiLe OiLs AND REsiNs.—These and related products,
known as gum-resins and balsams,* are found in a very large
number of plants. Like the mucilages, they originate either as
a metamorphosis of the cell-wall or as a direct product of the
protoplasm. The former is of more frequent occurrence, and the

F1G6. 123. Development of a lysigenous secretory canal in the leaves of Dictamnus
albus (Fam. Rutacez). The development begins partly in the cells of the epidermal layer
and partly in the underlying parenchyma (A). The outer cells divide, forming the
secretion cells {c¢), while the inner give rise to the reservoir (B). The innermost cells then
multiply by repeated division in all directions, giving rise to a large number of cells containing
globules of oil (C). Later the thin walls are absorbed and the oily globules fuse together,
forming a single large globule (D).—After Rauter.

*The volatile oils are not infrequently associated with other sub-
stances of the plant cell in varying proportions, as resin, gums, cinnamic
and benzoic acids.” Those products which consist chiefly of oil and resin
are known as oLEO-RESINS, and include turpentine and copaiba; those
consisting chiefly of gum and resin and containing but little volatile oil
are known as GUM-RESINS, and include ammoniac, asafcetida, galbanum,
and myrrh; oleo-resins associated with aromatic acids are known as
BALSAMS, as balsam of Tolu, balsam of Peru, storax, and benzoin, which
latter is usually termed a balsamic resin,

15
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layer of the wall in which the decomposition takes place has been
termed by Tschirch a resinogenous layer.

The cells or receptacles which contain oils, resins, gum-resins,
and balsams are usually referred to as “ secretory cells” or
‘“ secretory receptacles.” The latter term is used by Solereder to
include all .cells, cell fusions, cavities or canals which are filled
with secretions. Usually no attempt has been made to determine
whether the secretion is a volatile oil or a resin, or a gum-resin
or a balsam, as the appearance of the secretion is always either -
in the form of globules or more or less rounded masses. Secretory
receptacles may arise in three different ways. (1) As a modi-
fication of the intercellular substance and an enlargement of the
intercellular areas, giving rise to schizogenous receptacles (Fig.
122). (2) As a result of a disintegration of a group of cells
and a decomposition of the wall substance, forming lysigenous
receptacles (Fig., 123). (3) They may have at the outset a
schizogenous origin, but later the surrounding cells in addition
break down, so that the receptacle is more properly designated as
being schizo-lysigenous. In certain plants, as in the bark of
Sassafras and Cinnamon, there is a more or less even distribu-
tion of cells in the cortex, containing volatile oil, on the one hand,
and mucilage, on the other. Indeed, it is supposed that the cells
giving rise to mucilage may under different conditions develop
volatile oil. In a general way it may be said that the secretory
receptacles resemble those containing mucilage, both as to the
manner in which they originate in a plant and the physical char-
acters of the secretion. Indeed, they may be closely related to
the mucilages in that they may contain a large proportion of gum,
or the proportion of oleo-resin and gum may be reversed.

In the examination of technical products, and especially in
taxonomic work, it is very important to note not only the chemical
character of the secretions but also the fact whether the cells are
isolated or whether they form canals, or whether the secretory
receptacle is only a cavity. The following facts may be given in
reference to the four principal types of secretory receptacles:

1. Secretory cells are distinct cells which may be quite dis-
tinct from, or may show more or less resemblance to, their
neighboring cells, except that they contain oil or resin. They
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vary in length and outline, being either spherical, ellipsoidal, sac-
shaped (Fam. Bixacea), or branched (Fam. Meliacez). The
contents may be in the form of distinct globules adhering to the
wall (or in dried material may be in the form of -amorphous
masses), varying in color from colorless to yellowish or even dark
brown. In the secretory cells of certain plants of the Lauracez,
Magnoliacee, Canellace, Aristolochiacez, and Piperacez the
secretory contents are enveloped by a thin-walled sheath, con-
nected with the cell-wall by means of a stalk. The internal glandu-
. lar hairs occurring in the rhizome of Dryopteris and in Pogoste-
mon Patchoult may be included among secretory cells, although
they project into the intercellular area rather than into the cells.
The cell-wall of the secretory cells not infrequently gives a dis-
tinct reaction for suberin.

Elongated secretory cells or sacs, resembling tannin-idioblasts,
and with diverse contents varying from resin to latex-like sub-
stances or tannin-like masses, are distributed in the cells of the
pith, bast, and pericycle of the stem and occasionally in the larger
veins of the leaves of some of the genera of the following families:
Anacardiacez, Berberidacez, Caprifoliacez, Compositz, Crassu-
laceze, Euphorbiacez, Lecythidacee, Leguminose (very widely
distributed and with diverse contents), Menispermacea, Monimi-
ace, Myristicacez, Passifloriaces, Polygonacez, Rosacez, and
Rubiace. :

Solereder also states that similar elongated sacs with brownish
contents are observed in the epidermal cells and occasionally in
the upper layers of mesophyll of one or more of the genera in
the following families: Crassulacee, Euphorbiace®, Geraniacee,
Moracez, Saxifragacee, and Violacee.

2. Secretory cavities are either spherical or ellipsoidal in shape
and the contents vary from oily or resinous to gum-like or tannin-
like masses. The mode of development of the cavities, as to
whether schizogenous, etc., is usually not considered, as this fact
is not easily determined in the mature tissues. When occurring
in leaves the cavities give rise to transparent dots or glandular
punctate areas. They are also found in the pith and primary
cortex of quite’a number of plants.

There are a number of special forms of secretory cavities, the
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latter in some cases being lined by a papillose epithelium or a
form of bracket-cells, etc. They are found in the following fami-
lies: Araliacez, Bixacez, Casalpinacese, Composite, Connaracex
(with spheero-crystalline contents), Euphorbiacez (with bracket-
epithelium), Geraniacee (with sphero-crystalline contents),
Guttifere, Leguminosz (intramural glands with a papillose epi-
thelium or bracket-epithelium), Lythracee, Malpighiacez, Mal-
vacee, Meliacez, Menispermacez, Myrtacee, Oleacese, Passi-
floriacez, Piperacez, Podostemacez, Polygalacee, Polygonacez
(secretory cavities sometimes formed from four epidermal cells),
Primulacez (occasionally with red crystalline contents), Pro-
teacex (intramural glands), Rhamnacee (with a papillose epi-
thelium), Rosacez, Rubiacez, Rutacez, Simarubacea, Styracacez,
and Theacez.

3. Secretory canals differ from secretory cavities in that they
are more or less elongated receptacles and often referred to as
oil-ducts or oil-tubes. Like the secretory canals, they. originate
variously and have diverse contents. They may occur in a
number of different portions of a plant, but their distribution is
quite ‘characteristic of certain genera or even of families. Secre-
tory canals have been observed in the following families: Ana-
cardiacez, Araliace, Burseracez, Cactacez, Casalpinacez,
Celastracez, Composite, Gesneracez, Guttiferaee, Hamamelidacez,
Leguminosez, Pittosporacee, Podostemacez, Rhamnacez, Ruta-
cex, Simarubacez, Theacez, and Umbelliferee. (Consult Sole-
reder’s ““ Systematic Anatomy of the Dicotyledons.””)

4. Glandular hairs. Volatile oils and resins arise in the
glandular hairs formed on the surface of stems, leaves, and
various parts of the flower in the Labiate, Composite, and other
families. In these hairs a volatile oil separates in the form of
large, oily globules which lie between the cuticle and the outer
- wal! of the underlying cells (Fig. 124). The origin of this secre-
tion has been variously ascribed to the protoplasmic content of the
cell or to a modification of the cell-wall. In the former case it is
said to arise as a metabolic substance in the protoplasm, and is
later diffused into the glandular area between the outer cellulose
wall and cuticle. While this manner of formation of the oily
secretion would seem reasonable, yet the studies by Tschirch
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and Tunmann would seem to show that the secretion in the
glandular hair arises in a subcutaneous layer of the wall, which has
been termed a “ resinogenous layer.” Even De Bary, with char-
acteristic caution, has stated that the secretion found in the walls
of glandular hairs originates in the wall even though the ma-
terials for its formation must arise in the protoplasm of the cells.

In the study of glandular hairs the method of Tunmann may
be followed (Ber. d. d. pharm. Gesellsch., 1908, p. 513). Fresh,
or even dried, material may be used. Surface sections are made

F1G. 124. A glandular hair from the young leaves of Lavandula vera seen in different
stages in the course of three days, showing that the underlying cells remain of thc same
size and structure, but that there is a gradual increase in the glandular area or resinogenous
layer.—After Tunmann.

and examined in aqueous solutions containing 10, 20, 30, or 40
per cent. of hydrated chloral. The 10 per cent. solution is used
first, then the 20 per cent., etc. The proper solution renders the
hair transparent, dissolves the resin, and, if the cover-glass is
moved sidewise, the cuticle bursts, showing the resinogenous
layer: Tunmann distinguishes three different types of glandu-
lar hairs, depending upon the character of this resinog-
enous layer. (1) In which by this treatment there separate
small rod-like crystals resembling bacteria, as in Fig. 125, 4, B, C.
(2) A second type is given in which vacuoles occur consisting of
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rsg.

F1G6. 125. Several torms of glandular hairs: 1. In which the resinogenous layer (rsg)
separates in the form of small rods, as the leaves of violets (A), Fraxinus (B), and Alnus (C).
2. The resinogenous layer separating in the form of vacuoles in the hairs of Salvia (D)
and Hyssopus (E), observed in the dried material treated with dilute sclutions of hydrated
chloral. 3. A lattice-like or cellular resinogenous layer occurring ir the hairs of Rhodo-
dendron (F) and Azalea (G).—After Tunmann.
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a fine net-work, as in Fig. 125, D, E. (3) A third type in which
the secretion is in the form of neither rods nor vacuoles but a
somewhat cellular structure, termed by Tunmann a lattice-work.
In the walls of the glandular hairs other substances are some-
times present, as resins, gums, etc. Hanstein originally pro-
posed the use of a mixture of aniline dyes to distinguish resin,
gum, and protoplasm (Bot. Zeit., 1868, p. 754), but later studies
have shown that these dyes are limited in differential diagnosis
of many of these substances. The cells of the glandular hairs
may contain, in addition to protoplasm, protein bodies, chloro-
phyll grains, starch, fixed oil, tannin, calcium oxalate, reducing
sugars, and other special substances, which are colored yellowish-
red with solutions of the alkalies or sulphuric acid.

MI1cROCHEMISTRY OF THE VOLATILE OILs AND ResiNs.—They
are readily soluble in alcohol, ether, chloroform, benzene, acetic
ether, carbon disulphide, petroleum ether, etc. They are also
quite soluble in glacial acetic acid and in aqueous solutions of
hydrated chloral. Some of them are soluble in dilute alcohol.
They may be liberated on the heating of sections for about ten
minutes in a drying oven to a temperature between 100° and
130° C. Like the fixed oils, they are colored brownish or
brownish-black with osmic acid and are intensely colored with
alkannin and cyanin. The volatile oils are also colored a carmine
red with very dilute solutions of fuchsin. Cells containing resins
and terpenes are colored green by the use of aqueous solutions
of copper acetate, the freshly cut twigs or leaves being allowed
to remain in the solution for a few days.

VOLATILE OILS.—The odors which are characteristic of
very many plants are due chiefly to a group of principles known
as volatile oils. They are, for the most part, mixtures of terpenes
and camphors, and are obtained from the plant by distillation
with steam, the oil rising to the surface of the distillate, being
only slightly soluble in water. Volatile oils are readily soluble
in alcohol, ether, chloroform, and in the fixed oils. Some of
them show a tendency to absorb oxygen, and are converted into
resinous substances. They are widely distributed and are char-
acteristic of certain families, viz.: Pinacee, Crucifere, Labiate,
Lauracez, Myrtacez, Rutacez, and Umbellifera.
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With the exception of the seeds, in which they are seldom
found, volatile oils occur in nearly all parts of the plant. They
are formed either as a direct result of the activities of the pro-
toplasm or by reason of changes in some of the constituents of
the cell-wall. In a few instances the volatile oil is formed from
a mother substance, being in the nature of a glucoside, and in this
form occurs in the seeds of the almond and mustard.

BoranicaL CrassiFicaTioN.—The composition of volatile
oils is in many cases very complex; seldom do they consist of
only one substance, as in turpentine oil. Usually they consist of
a number of chemical compounds, the most complex being
American peppermint oil, from which no less than seventeen
different, well-characterized chemical compounds have been
isolated. As the volatile oils are of considerable economic value,
they have been rather very extensively studied. It remains for
botanists to apply this knowledge to the study of the living plant.
The physiologist will find the study of the origin, transportation,
and localization of volatile oils in different parts of the same
plant of very great interest. Such studies will throw considerable
light upon the entire question of origin and transformation of the
different plant constituents. In many cases, even the constitution
of the constituents in volatile oils has been ascertained, so that
on a sound scientific basis, hypotheses may be developed con-
cerning the complex changes which are possible in the substances
derived from the protoplasm. Again, the distillation products
obtained in the study of volatile oil show that the living plant
may contain such simple compounds as formic alcohol, formalde-
hyde, formic acid, hydrocyanic acid, etc.

Volatile oils which have been carefully studied are obtained
from plants of the following families: Polypodiacee, Pinacez,
Pandanace®, Graminez, Palm, Aracez, Liliacez, Iridacew, Zingi-
beracex, Piperacex, Salicacez, Mpyricacee, Juglandacez, Betu-
lace®, Moracez, Aristolochiacez, Chenopodiacez, Ranunculacez,
Magnoliacez, ‘Anonacez, Myristicacez, Monimiacee, Lauracez,
Crucifera, Resedace, Hamamelidacez, Rosacez, Leguminosz,
Geraniace, Tropzolacee, Erythroxylacez, Zygophyllacez,
Rutacex, Burseracex, Meliacex, Polygalacez, Euphorbiacez,
Anacardiacee, Vitacez, Tiliacee, Malvacee, Theacex, Diptero-
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carpacee, Cistacee, Turneracee, Lythracee, Myrtace®, Aralia-
ceze, Umbelliferze, Ericacee, Primulacez, Convolvulacee, Ver-
benacez, Labiate, Solanacez, Caprifoliacee, Valerianacez, and
Composite.

ComrosiTioN oF VoLATILE O1Ls.—The volatile oils are usu-
ally of a very complex composition; it will be found, however,
that they owe their principal characteristics to one or more
definite compounds. The following classes of compounds have
been derived from the volatile oils.

TerPENES, hydrocarbons of the formula C, H,,, are found in
the volatile oils of the Pinacez, Rutacez, etc. The terpene pinene
makes up practically the entire bulk of turpentine oil. The
terpene limonene is found in the oil of lemon to the extent of
go per cent. It is not, however, the characteristic constituent in
this oil, the odor of lemon being due to an aldehyde, citral.

SESQUITERPENES, hydrocarbons of the formula C, ;H,,, have
been isolated from a number of oils, the best known representa-
tive of this class being cadinene, occurring in the oils of cubeb,
patchouli, savin, etc.

ALconoLs belonging to the aliphatic and aromatic series occur
in a number of oils combined as esters with the fatty acids. Both
methyl alcohol and ethyl alcohol are found in the aqueous dis-
tillates in the preparation of certain oils. This occurrence is
usually explained as being due to the decomposition of other sub-
stances. Methyl alcohol is thought to be derived from the de-
composition of cellulose, while ethyl alcohol is considered to be
a product of the fermentation of carbohydrates. That ethyl
alcohol may be derived in this manner is probable from the obser-
vations of Maze, who obtained alcohol from germinating seeds.
Esters of methyl alcohol, especially methyl salicylate, are widely
distributed. Among other alcohols, the following may be men-
tioned: Linalool constitutes the bulk of lignaloe oil; geraniol, a
diolefinic alcohol makes up the bulk of rose oil; benzyl alcohol,
as an ester, occurs in the oils of jasmine, tuberose, ylang-ylang,
etc. ; cinnamic alcohol, as an ester, occurs in cassia oil, storax, and
Peru balsam ; menthol ( peppermint camphor), a secondary alcohol,
is found in peppermint oil; borneol (camphyl alcohol) occurs
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in the oils of valerian and serpentaria, the acetate of this alcohol
being found in many oils of the Pinacez.

AvLpEnyDpES.—The simplest of the aliphatic aldehydes, for-
maldehyde, has been found in apopin oil, the latter being derived
from an unknown plant growing in Japan. Acetaldehyde is com-
monly present in the distillates of seeds. Citral is found in
lemon oil, giving it its characteristic odor. It is also found in the
oils distilled from the leaves and twigs of the lemon tree, sweet
orange tree, sassafras, etc. DBenzaldehyde is formed upon the
hydrolysis of amygdalin. '

KEerones.—Of the aliphatic ketones, acetone has been ob-
served, together with hydrocyanic acid, in the distillation of a
number of leaf oils. Carvone occurs in the oil of caraway.
Pulegone occurs in large amounts in European pennyroyal
oil and the oils of other members of the Labiate. Japanese or
laurel camphor is obtained by the distillation of the wood of
Cinnamomum Camphora. Irone, a cyclic ketone, occurs in orris
root.

PruexorLs axp PaeENoL ETHERS are found in a number of
volatile oils. Thymol constitutes the larger part of the oil of
ajowan (Ptychotis coptica). Carvacol is a constituent in many
Labiate oils. Anethol is the principal constituent of the oils
of Pimpinella anisatum and Illicium wverum and is an important
constituent in the oil of fennel. FEugenol occurs in the oils
of the Myrtacew and Lauracee. Apiol is a constituent of the
fruit of parsley, and safrol is the principal constituent of
sassafras oil.

Acips.—Quite a number of acids are obtained as a by-product
in the aqueous distillation of volatile oils. Among these may be
mentioned formic acid, acetic acid, isovaleric acid, benzoic acid,
cinnamic acid, salicylic acid, etc.

Esters give the fragrance to most volatile oils. Some oils
consist almost entirely of esters, as wintergreen oil and birch
oil, which contain methyl salicylate. The latter is probably one
of the most widely distributed of the esters. Linalyl acetate is
the characteristic constituent of bergamot and lavender oils.
Geranyl acetate is found in the oils of lemon grass, neroli,
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coriander, etc. Esters of benzoic and cinnamic acids are found
in storax, Tolu balsam, and Peru balsam. Bornyl isovalerate
occurs in valerian oil.

Lacrones.—The odoriferous principle known as coumarin is
widely distributed in the plant kingdom. It occurs in some of
the ferns,” grasses, tonka bean, “ Waldmeister” (Asperula
odorata), etc. It apparently is formed as the result of the action
of a ferment, as it is detected only after the drying of the plant.
Alantolactone is the principal constituent of the oil of Inula
Helenium.

NITROGEN AND SULPHUR COMPOUNDS occur frequently in the
aqueous distillates of plants yielding volatile oils. Hydrocyanic
acid is readily detected by means of Prussian blue, and occurs in
the distillates not only of cyanogenetic plants but in a large num-
ber of others as well. The mustard oils are esters of isothio-
cyanic acid and are characterized by their penetrating odors.
Allyl mustard oil is obtained from the seeds of Sinapis nigra and
a few other plants of the Cruciferee. (Consult “ The Volatile
Qils,” Gildemeister and Hoffman, translation by Edward
Kremers; also “ Semiannual Reports,” by Schimmel & Co.)

FormaTION OF VoOLATILE Oirs—The chemical study of
odorous principles shows that they vary considerably in their
composition. Not much is known regarding the formation of
volatile oils. Charabot and Herbert have suggested that the esters
may originate in the cells containing chloroplastids. They suggest
that under the influence of an enzyme of reversible activity the
esters are formed from the acids and alcohols present in the plant
cell, and that they continue to form until the flowering period.
They are then diffused to other parts of the plant, notably
the inflorescence. While some of the oils are indirect products
connected with photosynthesis, others arise through the decom-
position of a mother substance, as the glucosides, and still others
originate as a metamorphosis of the cell-wall.

PrysiorogicaL ROLE oF OiLs.—It is usually considered that
volatile oils occurring in receptacles near the surface of the plant,
as in fruits like the orange, serve to prevent the entrance of
animal and vegetable parasites, and thus prevent disease. Again,
the oils which are found in glandular hairs covering the leaves
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and stems of many plants are supposed to be useful in preventing
depredations by animals. The odorous principles which occur in
many flowers are supposed to exert a directive influence upon
insects and thus assist in the work of cross-pollination. While
biologists usually consider the volatile oils as serving ecological
uses yet those investigators, who study the perfume-yielding con-
stituents very closely, are inclined to consider them as being in the
nature of food materials that are used after the fertilization of the
flower and during the development of fruit and seeds.

REsINS, GUM-RESINS AND BaLsams.—A large number of this
class of plant products are found in commerce and used in medi-
cine and in the arts. A few of these occur as normal products

Fi1G. 126. Menthol: A, individual crystals obtained by sublimation; B, the commonly
occurring aggregates of very fine needles.

in living plants, as the gum-resins of the Umbelliferz, the gum-
resin euphorbium, and the resins of mastiche and sandarac. Most
of the others arise as a result of wounds in plants and are in the
nature of pathological preducts, as benzoin, styrax, Tolu balsam,
.Peru balsam, etc. Until recently not much was known except in a
general way regarding the composition of resins. Largely through
the researches of Tschirch and his students the nature and the
constitution of the important constituents in a number of the
resins have been worked out. As a result of these studies seven
principal groups of resins are recognized.

1. Tannol Resins—These are esters of aromatic phenols and
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behave toward iron salts and some other reagents like tannin.
They are found in relatively large amounts in a number of the
resins and balsams, and occur in rather widely separated families,
as follows: Peru balsam and Tolu balsam obtained from certain
members of the Leguminosz, styrax from the Hamamelidacez,
benzoin from the Styracacew, aloe from the Liliacee, dragon’s
blood from the Palme, and the resins from the Umbelliferze, in-
cluding ammoniac, galbanum, asafcetida, etc.

2. Resene Resins—These are mostly colorless, indifferent
substances occurring in resins and are not only insoluble in
potassium hydroxide but exceedingly resistant to it, and are not
capable of acetylization. To this group belong the resinous
exudations of the Burseracez, including myrrh, olibanum, and
elemi; also of the Anacardiacez, including mastic; and of the
Dipterocarpacea, including gurjun balsam and dammar.

3. Resinolic Acid Resins.—These are oxy-acids containing
either or both hydroxyl and carboxyl groups. They form color-
less crystals and are either free or combined with alcohol in the
form of esters. They have an acid reaction and are soluble in
solutions of sodium hydroxide, and with difficulty form com-
pounds with acetyl chloride. Acids belonging to this group have
been obtained from a number of the resinous exudations of the
Coniferz, including sandarac, Canada turpentine, and Strass-
burg turpentine. It is also obtained from.a number of resins
which are in the nature of pathological products, as larch turpen-
tine, Jura turpentine, and French turpentine. The abietic acid
in colophony and the succinoabietic acid found in the fossil resin
known as amber, also belong to this class of acids. Furthermore,
resinolic acids are found in the fungus Polyporus officinalis, and
in some of the exudations of the Leguminosa, including the oleo-
resin known as copaiba and the recent-fossil resin, Zanzibar-
copal.

4. Resinol Resins—Resinols are aromatic alcohols which
usually form colorless crystals and occur either free or in the
form of esters. The principal constituents of guaiac resin belong
to this class, namely, guaiaconresinol (guaiaconic acid),
guaiacresinol (guaiacic acid), and guaiacinresinol (guaiacinic
acid). Resinols are also found in small quantities in other resins.
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5. Fatty-resins.—The resins of this class differ from the others
heretofore considered in that they are derivatives of some of the
fatty acids. To this group belongs the resinous exudation known
as ‘“ stick-lac,” occurring on a number of trees growing in the
East Indies, being caused by the punctures of a hemipterous in-
sect, Coccus lacca.

6. Pigment Resins—In this group are included those exuda-
tions in which the resins are combined with a chromogenic deriva-
tive. These have been studied but very little, and the best repre-
sentative of this class is gamboge, which is used in medicine as
well as for coloring in art.

7. Glucosidal Resins.—This group includes, as the name
would imply, those resins which are in the nature of glucosides
and yield on hydrolysis glucose as well as some other derivative.
The resins found in jalap, scammony, and other plants of the
Convolvulacez belong to this group. (Consult A. Tschirch, ¢ Die
Harze und die Harzbehalter.”) )

OriGIN OF REsINs.—It was at one time considered that the
resins were derivatives of tannin. Now that Tschirch has shown
that there are a class of resinous substances that give reactions
for tannin, it might seem that this theory would receive additional
support. However, as he himself explains, the resinotannols con-
tain a great deal more carbon than the tannins. Furthermore,
Tschirch has shown that a number of the constituents of the
resins give color reactions with Liebermann’s reagent for phy-
tosterol. On the other hand, a number of these same constituents
do not give the characteristic color reaction for phytosterol with
Salkowsky-hesse’s reagent. With regard to the resins of the
resinolic acid series, Tschirch concludes that they are probably
not derived from volatile oils, but that they are derivatives of a
common mother substance. In a later publication Tschirch
(“ Chemie und Biologie der Pflanzlichen Sekrete ”) states that in
all probability all the secretory products,-formed as a meta-
morphosis or decomposition of the resinogenous lamelle, are the
direct products of ferments accompanying these layers.

LATEX OR MILK-JUICE is the product formed in special secre-
tory organs in the plant, and exudes readily on even very slight
injury of the plant. Under the microscope it is seen to be in
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the nature of an emulsion, consisting of small globules, varying
from 0.0005 to 0.005 mm. in diameter. It is of variable com-
position and may contain certain hydrocarbons, as in pure
caoutchouc and pure gutta percha, oils, resins, mucilage, starch,
calcium oxalate, and alkaloids. '

Latex is found in three distinct types of tissues, differing
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Fi1G. 127. Study of Latex: A, tangential-longitudinal section through root of Taraxa-
cum, showing laticiferous vessel (m), sieve tube (s), parenchyma (p). B, the bark of
Euonymus, fractured and showing the thread-like latex (c) between the pieces (b). C, the
fragments of thread-like latex of Euonymus viewed under the microscope, and distinguished
from fibers by their dissolving in chloroform.—A, after Meyer; C, from drawing by Hogstad.

from each other in origin and manner of development. 1. Laticif-
erous cells are long, tubular cells which arise in the initial cells
of the embryo and continue to elongate, keeping pace with the
growth of the plant, branching and traversing all of its organs.
They may extend through the cells of the pith, bast, and primary
cortex, run along the veins of the leaf, being found occasionally
in the mesophyll, and extend into the fruit. Cells of this kind
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are present in the Apocynacez, Asclepiadacez, Euphorbiacez,
Morace®, and Urticace®. 2. Laticiferous vessels are long tubes
resembling the latex cells, but are formed by the absorption of the
transverse walls in the superimposed cells. They develop very
early, the cell-fusions taking place, in some instances, in the
primary meristems. They may be either simple or branching, the
branches connecting with other tubes and forming a net-work.
These anastomosing tubes can be separated readily from the sur-
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Fi1G. 128. Microscopical appearance of latex in Ficus elastica, showing small globules
and sphero-crystals which separate soon after the removal of the fresh latex.—From a draw-
ing by Hogstad.

rounding tissues by boiling the material with dilute solutions of
potassium hydroxide. The laticiferous vessels usually occur as-
sociated with the leptome, although they may be found in other
tissues of the axis and leaf. Milk vessels are found in the fol-
lowing families: Aracee, Campanulacez, Composite, Convol-
vulacez, Euphorbiacez, Geraniacee, Musacex, Oleacez, and
Papaveracex. 3. Secretory cells resembling laticiferous cells,
in that they have a latex-like content, although probably of
secondary origin, have been found in the Celastracez, Oleacez,
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Tiliacee, and Urticaceee. The secretion in these cells is some-
times visible even with the naked eye, and it is possible, on break-
ing the bark, to obtain the latex in the form of delicate, elastic
threads. These caoutchiouc threads may be readily seen on break-
ing the bark of euonymus, and may be distinguished from bast-
fibers by their readily dissolving in chloroform (Fig. 127).

The milk-juice varies in color in different plants, being color-
less, as in oleander ; whitish, as in the Apocynacea and Asclepiada-
cex; or yellowish, as in chelidonium, or orange-red, as in
sanguinaria. The latex of a number of plants is collected to form
a number of commercial products. Opium is the dried milk-juice
obtained from the capsules of Papaver somniferum. Lactucarium
is the dried milk-juice of Lactuca virosa and other species of
Lactuca. Elastica or India rubber is the prepared milk-juice ob-
tained from a number of plants, the most important being the
Brazilian or Para rubber tree (Hevea brasiliensis), the Central
American rubber tree (Castilloa elastica), the East Indian rubber
tree (Ficus elastica), and the rubber vines of Africa (Landolphia
species). Gutta percha is the concrete juice of Palaquium Gutta
(Fam. Sapotacee).

Exzymes or FERMENTS.—In connection with the growth of
the plant, there occurs a constant change in the substances which
comprise it. These changes are brought about largely through
the influence of a class of substances known as enzymes. Atten-
tion has been directed to the decomposition of starch with the
formation of sugar. This change is brought about by the secre-
tion in the protoplasm of an enzyme called amylase (diastase).
It is produced in the living cell, can be extracted from the plant,
and will produce the same effect upon starch grains which have;
been separated from the cells.

One of the interesting properties of the ferments is that in'
comparison with the amount of ferment employed the product
formed through its influence is very large. Thus it is stated that
amylase is able to hydrolyze 10,000 times its own bulk of starch.
Results of this kind are considered to be due to catalytic action
of the ferments, i.e., their power of inducing chemical reactions
by their mere presence without themselves entering into the
products formed. The ferments require specific temperatures for

16
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their action, as, for example, emulsin or sinaptase, which decom-
poses a number of the glucosides at a temperature of 35° to 40°
C., while amylase, the ferment of germinating seeds, requires a
somewhat higher temperature, namely, 50° to 70° C.

Another property of these ferments, which is generally re-
garded as characteristic of them, is that of becoming inactive when
solutions are heated to a temperature of 100° C. Nothing is
known with regard to the composition and constitution of the
ferments, and they are usually classified according to the class
of substances which they decompose. Thus, amylases act upon
starch grains with the formation of sugar; proteinases break
down the true proteins, etc.

The following is an enumeration ot the principal plant
enzymes, together with their occurrence and some of their
properties:

AMyLASE—The ferment acting upon starch in germinating
barley, with the formation of glucose and maltose, was separated
by Payen and Persoz in 1833, and called “ diastase.” This fer-
ment occurs, probably, in all parts of all green plants, and is
especially abundant in all cells where starch is formed or stored.
It is found in large amounts in various cereal grains, and also
occurs in the fungi, yeasts, and bacteria. Recent investigation
seems to show that in the cells with reserve starches there are two
different kinds of diastatic enzymes, the one acting on the soluble
starch, called amylase, and the other acting on the insoluble
starch or amylopectin, and called amylopectinase.

INuLINASE is the ferment found in the cells of plants contain-
ing inulin. It decomposes the latter, changing it into fruit sugar
or fructose. Inulinase has no effect upon starch. It has been
found in the Compositee and also in Aspergillus, Penicillium,
and a number of genera of the Eumycetes.

MALTASE (a-glucosidase) 1is always associated with the
diastases, and from which it has not been separated. It is widely
found in the vegetable kingdom, and is especially abundant in
malt and some of the yeasts.

INVERTASE (a-fructosidase), sometimes also spoken of as in-
vertin or sucrose, has the property of converting cane sugar into
invert sugar (a mixture of glucose and fructose). It is found in
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wheat and barley, dates, bananas, mulberries, and especially in
the green leaves and young shoots of higher plants. In yeast it
is accompanied in many cases by maltase.

EmuLsins are a class of glucoside-resolving enzymes found
in the seeds of the almond, the bark of Prunus serotina, the leaves
of Prunus Laurocerasus, and in a large number of plants of the
Rosacex. It is also found in the tuberous roots of Manihot
utilissima, Monotropa, species of Polygala, Hedera Helix.
Enzymes resembling emulsins, and capable of attacking gluco-
sides, have been detected also in Aspergillus, several species of
Polyporus, found growing in wood, lichens, mosses, and bacteria.
A distinction is sometimes made between almond-emulsin, Asper-
gillus-emulsin, etc.

MyrosiN, an enzyme which hydrolyzes the sulphur-glucosides,
occurs in the Cruciferae and in certain species of Manihot. It is
localized in the seeds of cells which are rich in proteins. Its
presence may also be demonstrated in the mesophyll of young
leaves, in the pericycle of stems, and in the cork-cells of roots.

GAULTHERASE (Betulase), an enzyme which hydrolyzes the
glucoside of methyl salicylate called * Gaultherin.” = This is
present in Gaultheria and many other of the Ericacex. It is
probably very widely distributed in the vegetable kingdom. (See
Amer. Jour. Pharm., 1898, p. 412.)

Pectase AND PEcTINASE—The name Pectase is applied to an
enzyme that is always present in ripening fruit, and is capable
of converting pectose, a product insoluble in water, into a soluble
substance called pectin. The latter can be further decomposed
into a number of closely related substances, known as pectinic
acids, and which are usually combined with calcium. The term
PecTiNaSE is applied to the enzymes which in the presence of
lime coagulates the juices containing the dissolved pectinous sub-
stances forming the so-called fruit jellies. This reaction is con-
ditioned on the presence of lime and a certain equilibrium being
established between the enzyme and the concentrations of the acid
and calcium salts. Pectose originates by reason of certain changes
in the lamellae of cell-walls. While it occurs in appreciable quan-
tities in those fruits that have the properties of producing jelly,
it is probably very widely distributed.
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Cyrases (cellulases) is the name applied to those enzymes
which are capable of dissolving cellulose. An enzyme of this
character is located in the aleurone layer and in the epithelium of
the scutellum in the germinating grain of barley. It is also found
in the endosperm of the date palm, the cytase being formed in
the embryo and the dissolved products being used up as food.
Enzymes of this character are also found in wood-destroying
fungi and bacteria.

PrROTEINASES (carbamases) is the name applied to those
enzymes which break dewn the true proteins or carbamide deriva-
tives. They are always accompanied in the plant cells by other
ferments, and occur especially in seeds, being more abundant in
those containing oil than starch, as hemp, mustard, castor oil,
and flaxseed. They are also found in certain fleshy fruits, as
figs and pineapple; succulent leaves, as Agave, and in insectivo-
rous plants. In the fruit and other parts of the papaw tree (Carica
Papaya) occurs a proteolytic enzyme, called Papain, which readily
digests fibrin, thus behaving like trypsin, a ferment in the pan-
creatic juice. A similar ferment, called Bromelin, has been ex-
tracted from the fleshy pulp of the pineapple. Ferments like
Papain and Bromelin are naturally of very great interest, as they
behave like the animal ferments, pepsin and trypsin. The Papain
of commerce seems to be of varying composition, and unless ob-
tained from authentic sources is not reliable.

CuyMASES or ENzYMES which effect the clotting of milk.
The coagulating action of the fig (Ficus Carica) was'known to the
ancients. This action has been shown by Chodat and Rouge to
be due to a vegetable chymase and called by them “ sykochymase.”
A large number of plants possess the property of rendering milk
ropy. Of these the following may be mentioned: Ranunculus
bulbosus, Capsella Bursa-pastoris, Plantago lanceolata, Medicago
lupulina, Pinguicula vulgaris, Artichokes, etc. An enzyme of this
character has also been found in germinating seeds of Ricinus
communis, Pisum, Datura, etc., and some of the fungi.

ZYMASE, an enzyme causing the decomposition of glucose with
the formation of alcohol and carbon dioxide. This decomposition,
known as alcoholic fermentation, is considerably less simple than
was formerly supposed, a number of enzymes and subsidiary sub-
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stances taking part in the reaction. Zymases are widely dis-
tributed throughout the entire plant kingdom, and occur in
greatest amounts in yeasts and other organisms which induce
alcoholic fermentation. The enzyme, which causes the transfor-
mation of glucose into lactic acid and is secreted by lactic acid
bacteria, has been given the name of * Jactic acid bacteria-zymase.”

OXvYDASES is the name applied to those enzymes in which the
decomposition or reaction involves an oxidation. Several kinds
of oxydases are recognized, depending upon the nature of
the original substance that is broken down. (1) Alcoholase, the
enzyme of acetic bacteria which oxidize ethyl alcohol to acetic
acid. (2) Phenolases include the laccases, the oxidizing enzymes
found in the lac-tree (Rhus succedanea), and in some other
plants. The black lacquer covering the beautiful Japanese vases
and boxes, and which is the most indestructible varnish known to
man, is formed by an oxidizing enzyme acting on the phenolic
resins of the lac-tree.

Catalases in their chemical action resemble some of the col-
loidal metals, in that they are able to decompose hydrogen
peroxide with the liberation of oxygen. Enzymes of this char-
acter have been found in virtually all plant juices. Catalases are
of two kinds, one soluble in water, occurring in the seeds of apple
and peach, and an insoluble form found in the leaves of clover,
rose, and spruce. Highly active catalases are also obtained from
fungi, yeasts, and bacteria.

While some of the vegetable ferments have been isolated and
are prepared on a commercial scale, as diastase and the peptic
enzyme papain found in the latex of Carica Papaya, in other
cases the ferment-producing organisms themselves are used in
a number of industries involving fermentation processes, as the
yeast-plants and certain of the molds and bacteria.

The microchemical study of the ferments is attended with cer-
tain difficulty on account of the lack of specific reagents for their
detection. The most that can be done is to study the products
formed by their action upon certain other constituents of the cell.
(Consult “ General Chemistry of the Enzymes,” by Hans Euler,
translation by Thomas H. Pope.)
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EXAMINATION OF CELL-CONTENTS

NON-PROTOPLASMIC

PROTOPLASMIC >
Crystalline Crystalloidal Amorphous
1. Cytoplasm 4. Calcium oxalate 9. Starch 11. Mucilage
2. Nucleus 5. Sugars 10. Inulin 12. Tannin
3. Plastids 6. Alkaloids 13. Resin
7. Glucosides 14. Oil
8. Phyto-globulins 15. Latex

16. Calcium carbonate

1, 2, and 3 have characteristic appearance (see Frontispiece).
4. Crystals of characteristic forms, soluble in hydrochloric acid
and insoluble in acetic acid. 5. Crystalline in fresh material
treated with alcohol. The glucoses give a reddish precipitate with
Fehling’s solution. 6. Piperine separates in definite crystals in
the plant cell; the alkaloids of hydrastis form crystallizable salts
with sulphuric or nitric acids; the alkaloids in hydrastis, ipecac,
coffee, tea, and guarana yield crystalline sublimates. 7. Concen-
trated sulphuric acid gives with strophanthin a bright green color.
8. Phyto-globulins form definite crystals (see paragraph on
aleurone grains). 9. Blue with dilute iodine solution, except the
amylo-dextrin starches, as mace, which are colored red. 10.
Sphero-crystals in fresh material treated with alcohol. 11. Colored
blue with alcoholic solutions of methylene blue. 12. Reddish-
brown with copper acetate solutions. 13. Terpene resins are
colored green with copper acetate solutions. 14. Separation in
the form of large globules on the application of sulphuric acid or
solution of hydrated chloral. The volatile oils are more soluble in
alcohol than fixed oils, the latter being completely removed from
the cells by the use of ether or other similar solvent. 15. Latex
occurs as an emulsion consisting of numerous globules. 16.
Calcium carbonate dissolves with an effervescence on the addi-
tion of hydrochloric acid or acetic acid.

Factors Influencing ‘Growth.—Plants have certain inherent
or inherited tendencies or characters which make up the inner
constitution, and this cannot be modified by external agencies
except within more or less narrow limits. Depending upon this
character we find plants as different in kind as the apple tree
and pine growing under precisely the same conditions. In other
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words, the character of the structure is determined in the main
by the nature of the organism. It is true that an apple tree may
grow better in one locality than another, but it is still an apple
tree whether it be dwarfed or attain to the full measure of its
growth. These slight changes in the character are known as
accidental variations. Frequently they are the result of tempo-
rary conditions and are not repeated in the succeeding genera-
tion. On the other hand, if the special conditions remain these
individual variations may be repeated in generation after gen-
eration and finally become permanent characters.

The gradual change in the structure and nature of organisms
which takes place through long periods of time is spoken of as
EVOLUTION. In some cases specific changes in the characters of
plants arise rather suddenly without any known cause, and such
changes are spoken of as saltations or MUTATIONS.

The factors essential for growth in all cases are food, water,
and a certain temperature. Among the food elements we may
mention as of chief importance, carbon, hydrogen, oxygen, and
nitrogen. Some of the other elements are also essential to most
plants, although they occur in relatively small proportion in the
plant, as potassium, magnesium, phosphorus, sulphur, iron, and
calcium. The latter element does not seem to be necessary to
the normal development of some of the Fungi and certain Alge.

Water permeates all parts of the plant, and when the cells
are in the normal turgescent state it contains more than half
its weight of water. When the supply of water falls below the
normal the plants begin to droop and finally die. The need of
plants varies greatly in this particular; some are aquatic in their
habits and live wholly in the water; others can live only on the
land ; and still others are adapted to desert regions.

The degree of temperature necessary for growth varies within
certain limits for each kind of plant, but, as is stated by Pfeffer,
the greatest extremes are shown by Fungi, Bacteria, and the
lower Alge. Generally speaking, the most favorable temperature
for growth is between 24° and 34° C.

Besides the factors enumerated there are other factors which
influence growth. They include light, gravity, mechanical
agencies, etc., and are sometimes spoken of as external stimuli.
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It is difficult to separate those factors which act solely as
external stimuli from those which are essential to the normal
growth of the plant and which may be considered as physiological
factors. For example, light under certain conditions may be
regarded as in the nature of an external stimulus and not essen-
tial to the growth of the plant, while in other cases it has a direct
influence on normal growth and is essential to the life of the
plant, as in all plants or parts of plants where photosynthesis
takes place.

In addition to the essential food elements, there are many
substances which affect the growth of plants which may be
grouped as chemical stimuli, such as (a) the substances secreted
by gall-forming insects, () in a certain measure some of the
substances produced by Fungi, -(¢) and -numerous substances not
found as normal constituents of the plant. Depending upon the
amount of the substance present and the conditions under which
it is supplied, the substance may act as a poison and injure the
plant, or it may accelerate growth, or cause abnormal develop-
ment.

This subject has an important bearing on the physiological
testing of drugs. Kobert states that in determining the qualities
of a new chemical, preliminary experiments should be conducted
on lower plants and animals before trying it on man. Of the
plants which have been used in the testing of poisons the follow-
ing may be mentioned: Oscillaria, Spirulina, Nostoc, Zygnema,
Spirogyra, Saccharomyces, Mucor, Elodea, Lemna, Pistia,
Potamogeton, Myriophyllum, Ceratophyllum, Tradescantia, seed-
lings of grasses, lupine, bean, pea, corn, etc. Kraemer has em-
ployed seedlings of Lupinus albus and Pisum sativum in testing
solutions containing ethyl alcohol, strychnine nitrate, brucine
sulphate, and tincture of nux vomica (Amer. Jour. Pharm.,
1900, P. 472).

Foop or PrLanTs.—It has already been pointed out that certain
of the chemical elements are necessary for the growth of plants,
and that these are derived partly from the surrounding atmos-
phere and partly from the soil. Those elements derived from
the air are either themselves gases or exist in combination in the
form of gas, and include oxygen, nitrogen in exceptional cases,
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and carbon dioxide, the source of the carbon entering into the
carbon compounds formed by plants.

The elements obtained by plants from the soil exist in com-
bination with other elements and must be in the form of solution
to be absorbed. The soil consists largely of mineral substances,
together with certain organic products (humus). The water held
in the soil not only acts as a medium for carrying the soluble
constituents in the soil to the plant, but is itself an important food
product, being the source of the hydrogen used by plants, as also
of assimilable oxygen. Among the mineral constituents of the
soil that are useful to plants are ammonium salts and nitrates,
sulphates, phosphates, chlorides, silicates, and carbonates. When
plants are collected and subjected to a temperature of about 110°
C. the water is driven off, and then if heat sufficient to incinerate
the material is applied the organic matter is driven off in the
form of gases, leaving the mineral constituents in the form of
ash, as calcium, magnesium, iron, potassium, sodium, and a few
other elements.

ForMaTiON OF LEAFMOLD.—When the leaves of a tree fall to
the ground they begin to decay and ultimately they are dis-
integrated, and their substances become incorporated with the
other elements of the soil. The same thing happens with the
leaves, stems, and roots of herbaceous plants. Such organic
matter i1s one of the chief sources of food for plants, and its
presence in the soil is therefore of fundamental importance in the
maintenance of the vegetable mantle of the earth. Coville (Jour.
Wash. Acad. Sct., 1913, p. 79) determined the rate in decomposi-
tion of leaves and used silver maple, sugar maple, red oak, and
Virginia pine. These were exposed to the weather in barrels
and in concrete pits. In one experiment a mass of trodden silver
maple leaves two feet in depth, with an initial acidity of 0.92
normal, was reduced in a single year to a three-inch layer of
black mold containing only a few fragments of leaf skeletons
and giving an alkaline reaction. Sugar maple leaves have shown
a slower rate of decomposition than those of silver maple, while
red oak leaves still showed an acidity of 0.010 normal after three
years’ exposure, and leaves of Virginia pine an acidity of 0.055
normal under the same conditions. During the decomposition of
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leaves the acid substances are decomposed and to some extent
dissipated in the form of gases.

The chief agents in the decay of leaves are fungi and bacteria.
A number of forms of animal life also contribute greatly to the
decay also, as earthworms, larva, flies and beetles and myriapods
or thousand-legged worms. Coville distinguishes two kinds of
leafmold : (@) In which the leaves show a condition of imperfect
decomposition, due to the development and maintenance of an
acid condition, which is inimical to the growth of microdrganisms
of decay. Because of the resemblance of this mat or turf to bog
peat in appearance, structure, and chemical composition, and be-
cause it supports a type of vegetation similar to that of bog peat,
it has been named UpLAND PEAT. This is characteristic of the
sandy pine and oak woods, where grow huckleberries, laurel,
princess bine, pink lady’s slipper, trailing arbutus, etc. (&) The
other is characteristic of the black mellow mold made up of com-
pletely rotted leaves, the acidity being neutralized in part by the
calcium present in the leaves and partly by the underlying soil,
which is usually of a calcareous nature. This is characteristic of
forests of tulip poplar, ash, and oaks, in which grow sanguinaria,
caulophyllum, hydrastis, trillium, etc.

OrgaNic CONSTITUENTS IN SoIL.—During the past few years
Schreiner and his associates in the Bureau of Soils, U. S. Depart-
ment of Agriculture, have isolated and identified a number of
soil constituents. They have found that certain of these con-
stituents, as dihydroxystearic acid, are rather characteristic of
poor soils, and that the effect of fertilizers on such soils was to
increase their fertility by neutralizing their toxic constituents
rather than by the addition of any food constituents to the soil.
The compounds isolated by them have varied considerably, and
may be grouped into the following classes: 1, Paraffin hydro-
carbons, represented by hentriacontane; 2, hydroxy-fatty acids,
represented by  a-monohydroxystearic acid and dihydroxy-
stearic acid ; 3, organic acids of unknown constitution, represented
by agroceric acid, paraffinic acid, lignoceric acid, and a number of
resin acids; 4, esters and alcohols, represented by agrosterol, phy-
tosterol, glycerides of fatty acids, and resin esters; g5, carbohy-
drates, represented by pentosans and pentose sugars; 6, hexone



CELL-CONTENTS AND FORMS OF CELLS. 231

bases, represented by histidine and arginine; 7, pyrimidine deriva-
tives, represented by cytosine; 8, purine bases, represented by
xanthine and hypoxanthine; 9, pyridine derivatives, represented
by picoline carboxylic acid.

Rootr AssorrrioN.—Notwithstanding the wvarious agents
which are at work tending to break down and dissolve the sub-
stances contained in the soil, as soil bacteria, the liquids given to
the soil by the roots of the plants themselves, the presence of the
so-called humic acids, and the action of water and air, it has been
shown that the soil water is an exceedingly weak solution. This
is largely due to the peculiar absorptive and fixing power of the
soil itself.

The dilution of the aqueous solution of the soil constituents
is a matter of very great significance, for upon this depends its
absorption by the root hairs. While other parts of roots have cer-
tain absorptive powers, the root hairs have been defined as the
organs of absorption of the plant. They are very delicate in
structure and contain protoplasm. Their absorbent function de-
pends upon the principle that when a membrane (animal or
vegetable) is interposed between two liquids of unequal density,
the less dense liquid will pass through the membrane and mix
with the denser liquid. This process is known as osMosis, and
when a liquid passes outward through a membrane or cell-wall
it is called exosmosis, and when inward it is called endosmosis.
The soil is made up of minute earth particles, each of which is
surrounded by a thin film or envelope of water, and it is this por-
tion of the soil liquid that is absorbed by the root hairs. The root
hairs come into close contact with these soil particles; in fact,
appear to grow fast to them, and the cell-liquid in the root hairs
being denser than that surrounding the soil particles, the latter
passes through the wall into the root hairs.

If, on the other hand, the water supplied to the roots of plants
should contain an excess of soluble material, the plant will be
injured. In this case exosmosis ensues and the plant loses some
of its own liquids or cell-sap and will show signs of wilting. It
is well known that if cultivated plants are supplied with strong
solutions of fertilizer the plants will be injured rather than
benefited.
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Roor PressuRE.—The distribution of the water absorbed by
the roots to other parts of the plant is influenced by a number of
factors, which are commonly spoken of together as root pressure.
Among these are osmosis within the plant, due to unequal density
of the liquids in different cells; the changes in the equilibrium of
the cell-liquids, due to chemical changes; and the transpiration
of water from the leaves, thus establishing a flow of liquids from
the roots upward, which is usually spoken of as the ASCENT or
sap. The cell-sap passes upward through the xylem for the most
part, carrying constituents obtained from the soil to the growing
parts, where they are combined with the products of photosyn-
thesis, and through a series of reactions protoplasm is finally
built up.

Ox1imatioN.—The free oxygen taken in by plants through the
stomata and lenticels serves the same purpose in plants as that
inhaled by animals, namely, the oxidation of certain compounds,
whereby part of the energy necessary for vital activity is lib-
erated. Oxygen is required by all parts of the plant. When the
roots of plants, such as those of Zea Mays, are surrounded by
water so as to exclude the air the plants will become yellow.
Germinating seeds consume a large amount of oxygen, but not
all the energy formed is used by the plantlet, much of it escaping
as heat, as in the germination of barley in the preparation of malt.
Those plants dependent upon the presence of free atmospheric
oxygen are called AEROBES, while those which are not thus de-
vendent, as certain fungi and bacteria, are called ANAEROBES.

MEerasoLism.—Processes of construction and destruction are
going on simultaneously in the plant, and these are all grouped
under the general name of metabolism. The processes whereby
complex substances are built up from simpler ones, as in. photo-
synthesis, are together spoken of as CONSTRUCTIVE METABOLISM
(anabolism), while those which involve the breaking down of
complex compounds into simpler ones, either through oxidation
or other chemical action, as when sugar is changed into carbon
dioxide and water, are grouped under the head of DESTRUCTIVE
METABOLISM (catabolism).

Inasmuch as the carbon dioxide of the atmosphere and the
water taken up by the roots together with the mineral salts which
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it holds in solution are the only sources of the food supply of
green plants, it follows that the highly. complex proteins trace
their origin to these comparatively simple substances. By some
it is supposed that the final stages in the building up or synthesis
of the proteins take place in the leaves, but it is probable that they
take place in all the growing parts of the plant. It has already
been stated in the paragraph on proteins that seeds contain re-
serve materials which are broken up into simpler compounds
through the action of certain enzymes, and thus made available
for the seedling. It is claimed that these compounds are prin-
cipally amino acids, and that of these aspartic and glutaminic acids
occur in largest amount and that these two acids are found in
different relative amounts in different plants. It is furthermore
claimed by some authors that by certain syntheses these com-
pounds are respectively converted into asparagin and glutamin,
both of which occur as reserve materials in seeds and in other
parts of plants as well. Yet other syntheses take place whereby
asparagin and similar bodies are converted into albumin and other
proteins. In the Conifere the part played by asparagin and
glutamin in protein syntheses is taken by arginin, which substance
is found in considerable amount in the seeds of the plants of this
group. '

~ GrowING PoiNTs AND MERISTEMS.—Plants are’ distinguished,
for the most part, by having distinct growing points, kriown as
vegetative points. These occur at the apex of shoots and roots and
at definite lateral points, being in the stem near the surface and
in roots beneath the endodermis. The walls of the cells in these
regions are very thin and consist almost entirely of cellulose.
The cells are compactly arranged and are more or less polygonal
or somewhat elongated. They are rich in protoplasm, capable of
rapid division, and constitute the tissue known as PRIMARY MERI-
sTEM. In the root three kinds of primary meristem (Fig. 132)
are distinguished: (1) The PLEROME (m, f, g), an axial meri-
stem, which gives rise to the central cylinder or stele; (2) the
PERIBLEM (X, r), or meristematic tissue, which gives rise to the
primary cortex; and (3) the DERMATOGEN (e), from which the
epidermis is developed. In addition to these three meristematic
zones there is at the apex, lying next to the dermatogen, a meri-
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stematic group of cells which give rise to the root-cap, known as
the CALYTROGEN (s). .

At the growing point of the stem three meristematic zones are
also distinguished, namely, plerome, periblem, and dermatogen.
They are not, however, so well marked as in the case of roots.

The tissues which are developed from the primary meristems
constitute the PRIMARY STRUCTURE. With the growth in thickness
of the stems and roots of Dicotyledons other meristematic cells,
known as SECONDARY MERISTEMS, arise. These are of two kinds:
(1) One which gives rise to the xylem and phloem, known as the
camBIuM, and (2) another which gives rise to the cork, known as
PHELLOGEN. The tissues formed from the secondary meristems
constitute the SECONDARY STRUCTURE of older dicotyledonous
stems and roots.

While the point of vegetation in the higher plants (spermo-
phytes) embraces a number of cells, in the lower plants the tissues
can be traced back to a single APICAL CELL.

CeLL-WALL.—Origin and Composition.—It is formed by the
protoplasm, and varies in composition at different stages of the
growth of the cell, and according to the various functions it has
to perform.

In order to thoroughly understand the nature and composi-
tion of the cell-wall, it is necessary to study the origin and forma-
tion of new cells. Growth of the plant is attended not only by
an increase in the size of the cells, but by their division (Fig. 85)
new cells are also formed. Cells that have the property to divide
and form new cells are known as meristematic cells and constitute
the MERISTEM. The new and dividing walls resulting from the
division of the cells consist of a number of substances. When a
cell divides, the two daughter protoplasts which result from the
division of the nucleus and cytoplasm are separated by the forma-
tion of a new wall between them (Fig. 85). The first layer
formed is apparently different from the subsequent layers and is
known as the middle plate or MIDDLE LAMELLA. This layer is
soluble in, or readily attacked by, solutions of the alkalies or solu-
tions containing free chlorine. It is insoluble in sulphuric acid,
and readily stained by the aniline dyes. . While usually more or
less permanent, this middle plate may be finally absorbed, as in
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the glandular hairs of kamala, or it may be changed into mucilage,
as in chondrus, or transformed into pectin compounds, as in fleshy
roots and fruits.

To this middle plate is added on either side by the newly
formed protoplasts a layer of substance closely resembling cellu-
lose, this constituting the PRIMARY MEMBRANE or primary lamella.

As the cells become older the wall increases in thickness
through the addition of other layers, much in the same manner as
the starch grain increases in size. These subsequent layers are
known as SECONDARY LAMELLZE. In a few cells the secondary
lamellze may consist of pure cellulose. As a rule, however, the
wall is rather complex and consists of alternate layers of cellulose
with other substances. Some of these, as mucilage, may be a
simple modification of cellulose, others may consist of cellulose
in combination with other substances, as in the ligno-cellulose walls
of stone cells, or the walls may consist of cellulose and suberin as
in cork cells, or of cutin-cellulose as in epidermal cells. Again,
there may be, through the action of special enzymes, a decomposi-
tion of the cellulose, resulting in the formation of oils, resin, and
wax. Furthermore, it would not seem improbable that some of
the secondary substances in the wall are direct products of the
protoplasm and secreted in the cell-wall, as silica and calcium
oxalate in epidermal cells. The substance called pectin originates
as a modification of the intercellular substance, and is peculiar
to some fruits.

As showing, to some extent, the complexity of the lamelle
in the cell-wall, the following modifications of the wall in secretion
cells may be given: 1. The entire outer cell-wall may consist of
a thin layer of suberized lamell, beneath which is a secondary
mucilaginous layer that develps the secretion, e.g., Hedychium
Gardnerianum. 2. The outer lamellee of the cell-wall may con-
sist of suberin; beneath this is a cellulose lamellee, which only
after treatment with a solution of potassium hydroxide is colored
blue with chlor-zinc iodide; this is followed By a mucilaginous
layer, e.g., Laurus nobilis, Curcuma Zedoaria, Cinnamomum Cas-
sia, Zingiber officinale, Acorus Calamus. 3. The outer layer may
consist of cork, beneath which is a cellulose layer that is colored
blue upon treatment with chlor-zinc iodide without the previous
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use of potassium hydroxide; to this is then added a mucilaginous
layer, as in the secretion cells of Valeriana officinalis and Magnolia
grandiflora. 4. The outer layer may be suberized, but the cellulose
layer beneath this is not colored blue until the walls have been
first treated with Schultze’s solution; this then is followed by a
mucilaginous layer, e.g., Piper nigrum, Piper Cubeba, and Sassa-
fras officinale. 5. The outer and inner layers may be suberized,
and between these are fine lamelle of cellulose, e.g., Croton
Eluteria. 6. The outer layer may be suberized, beneath which is
a layer of lignocellulose, followed by a mucilaginous layer, e.g.,
Calycanthus floridus. 7. The outer layer may be colored yellow
with chlor-zinc iodide and dissolves in sulphuric acid, while the
inner layer is suberized, e.g., fruit of Conium maculatum.

CELLULOSE in its various modifications constitutes the greater
proportion of the cell-wall. The cellulose making up the cotton
fiber may be said to be the typical cellulose, and is known as
“ cotton cellulose.” It is soluble in copper ammonium sulphate
solution ; is colored blue with chlor-zinc-iodide solution or iodine
and sulphuric acid, and is stained by acid phenolic dyes, as alizarin,
if previously treated with basic mordants, as basic salts of
aluminum, etc.

The following solutions are used in the testing of mixed
fabrics containing cotton: . 1. A solution of 1 part of zinc chloride
in 2 parts of hydrochloric acid will dissolve cellulose in about
one-half minute. 2. Upon heating a piece of fabric in a saturated
solution of aluminum chloride, the cotton becomes friable, the
wool remaining unaffected.

According to their origin in the plant, or their behavior toward
reagents, the cellulose walls may be divided into the following
groups: (1) Lignocellulose walls; (2) protective cellulose walls;
(3) reserve cellulose walls; (4) mucilage cellulose walls, and (5)
mineral cellulose walls.

Lignocellulose walls are composed of true cellulose and a
non-cellulose (the "so-called lignin or lignone), these constituting
the woody (so-called lignified) portion of plants and, in some
instances, also the bast portion of the bark. The lignocelluloses
are colored yellow with chlor-zinc iodide, or iodine and sulphuric
acid. On account of their containing in some instances furfurol,
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coniferin, vanillin, cinnamic aldehyde, benzaldehyde or other alde-
hydic substances, they give definite color-reactions with certain
reagents. They are also stained by the aniline dyes, as fuchsin,
safranin, gentian violet, aniline blue, methylene blue, etc.

Aniline hydrochloride with hydrochloric acid and aniline sul-
phate with sulphuric acid produce a golden-yellow color in cell-
walls containing lignocelluloses.

A 2 per cent. phloroglucin solution, used in conjunction with
hydrochloric acid, gives a reddish-violet color with the lignocellu-
loses, although there are some celluloses of this class which do not
respond to this test, as flax (the bast fibers of Linum). In other
plants phloroglucin may occur as a constituent of the cells.

Hartwich and Winckel (Arch. d. Pharm., 1904, p. 462) have
shown that the red coloration formed upon the addition of vanillin
and hydrochloric acid to phloroglucin is also produced by a number
of other substances, viz., thymol, guaiacol, resorcin, cresorcin,
orcin, pyrogallol, pyrogallol dimethyl-ether, phloroglucin, oxy-
hydroquinone, eugenol, and safrol, but not with phenol, pyro-
catechin, hydroquinone, or pyrogallol trimethyl-ether. The re-
action cannot, therefore, be longer designated as a phloroglucin
reaction, but, in a limited sense, as a phenol reaction. The same
color reaction is produced by a number of other substances which
contain a phloroglucin molecule, e.g., phloridzin, maclurin, luteolin,
morin, catechin, filizin, gentisin, and all the phloroglycotannoides,
as in oak bark and cinchona bark.

Protective cellulose walls are composed. of mixtures of lig-
nocellulose and oils and waxes, and frequently contain in addi-
tion tannin, vanillin, and other compounds. In the cuticle or epi-
dermis of leaves and green stems the cellulose is associated with
a fatty compound known as cutin (or cutose), while in the cork
of stems and roots it is combined with suberin (or suberose).
This class of celluloses is distinguished from cotton cellulose and
lignocellulose by being insoluble in sulphuric acid.

Reserve cellulose walls are those found in various seeds, as
in coffee, date, nux vomica, etc. They behave toward reagents
much like the true celluloses (Fig. 135).

Mucilage cellulose walls consist of cellulose and mucilage,
and are found in all parts of the plant, and in the case of seeds

17



258 A TEXT-BOOK OF BOTANY.

are associated with the protective celluloses. They dissolve or
swell in water, are colored blue (as in flaxseed) or yellowish with
iodine, and are stained with alcoholic or glycerin solutions of
methylene blue.

Mineral cellulose walls are composed of cellulose and vari-
ous inorganic substances, as silica, calcium oxalate, or calcium
carbonate. These are more commonly found in the cell-wall of
the lower plants, as Algae, Fungi, and Equisetacee. Calcium car-
bonate and silica also occur in the cystoliths of the various genera
of the Moracez and Acanthacee (Fig. 113).

From what has just been said of the chemical composition and
structure of the cell-wall, it is seen that it consists of lamelle or

F1G. 129. 1, cross-section of a bast fiber of Begonia as seen by means of the micro-
polariscope, and showing stratification of the wall. 2, polariscopic view of a sphero-crystal
of inulin in Helianthus tuberosus.—After Dippel.

layers of different substances, and in no case does it consist of
but a single substance; but for convenience we speak of a wall as
consisting of cellulose, lignin, or suberin, meaning thereby that
the wall gives characteristic reactions for these substances.
PHYTOMELANE, an intercellular, carbon-like substance. It is
a black, structureless substance, found only in the Composita,
being distributed around the sclerenchymatous fibers and stone
cells in a number of fruits. It has also been found in the lignified
cells of roots and stems (Fig. 131), and occasionally is found in
the parenchyma cells of Tnula. In the latter it occurs more or less
crystalline, sometimes in the form of short needles or rods (Fig.
132). According to -Hanausek (“Untersuchungen iiber die
Kohleihnliche Masse der Kompositen ), phytomelane occurs in
a large number of genera in the Composite. It arises in the middle
lamellze and has a high content in carbon, ranging from 69.76 per
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cent. in Helianthus annuus to 76.47 per cent. in Dahlia variabilis.
It is unaffected by most reagents except hydriodic acid. It may
readily be separated in unaltered masses upon treatment of the
tissues with Wiesner’s chromic acid mixture or with Schultze’s
macerating solution. Hanausek considers the phytomelane layer to
be in the nature of a mechanical protection to those fruits and seeds
in which the epidermal and hypodermal layers scale off with the
ripening of the fruit. (Consult Kraemer and Sollenberger, Amer.
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F1G. 130. Striation in cell-wall: I, a portion of bast fiber in Oleander, showing left
spiral bands as seen from the outer surface (a) and the same as seen from the inner surface
(b); 1II, portion of the bast cell of Asclepias syriaca as seen on the under surface; I1II, a
view of the bast fiber of Asclepias syriaca as seen when looking through the middle of the
cell; IV, portion of tracheid of Pinus sylvestris, showing two views of the striations of the
wall.—After Dippel in **Das Mikroskop.”

Jour. Pharm., 1911, p. 315; Senft, Pharm. Post, 1914, No. 30;
Hanausek, Ber. d. d. bot. Ges., 1911, p. 558.)

LAaMELLZE—In some cells, as in lignified cells, the lamelle
are quite apparent. In other cases the use of reagents, as chromic
acid or chlor-zinc iodide, is necessary to bring out this structure.
The layering which is cbserved in transverse sections of the cell-
wall is spoken of as stratification of the wall (Fig. 129), whereas
the layering observed in longitudinal or tangential sections is
referred to as striation of the wall (Fig. 130).
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Thickening or Marking of Walls.—In the formation of
the wall each cell appears to work in unison with its neighbors
for the building up of the plant. The thickening of the walls
of the cell is primarily for the purpose of strengthening the walls,
but if the walls were uniformly thickened, osmosis, or the trans-
ferral of cell-sap from one cell to another, would be hindered.

Fi1G. 131. Phytomelane, an intercellular carbon-like substance occurring on the outer layers
of the stone cells in Brauneria pallida (Echinacea angustifolia).

Thus we find that the contiguous walls of the cells are thickened
at definite places opposite each other, leaving pores or canals
which permit rapid osmosis. The pores thus formed are known
as simple pores, and when seen in surface view are somewhat
elliptical or circular in outline, and may be mistaken for some of
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the cell-contents. These thickenings assume a number of forms,
which are quite characteristic for the plants in which they are
found. They may have the form of transverse or oblique rings,

F1G6. 132. Phytomelane in root of Inula Helenium. 1-3 showing intercellular spaces
with carbon-like substance; 4-8, striated structure of intercellular phytomelane in sections
which have been allowed to remain in solutions of hydrated chloral or potassium hydrate
for some days; 9, a large crystal-like aggregate in a schizogenous-like reservoir formed in
contiguous intercellular spaces of 5 parenchyma cells; 10, separated crystal-aggregates
and rod-shaped masses of Phytomelane.—After Senft.

longitudinal spirals, or may be ladder-like or reticulate in appear-
ance (Figs. 141-144). In other instances the thickening of the
wall is quite complex, as in the wood of the pines and other Conif-
ere (Fig. 68). The thickening, or sculpturing, as it is sometimes
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called, may not only occur on the inner surface of the wall, when
it is spoken of as CENTRIPETAL, but may also take place on the
outer surface, when it is known as CENTRIFUGAL, as in the spores
of lycopodium and the pollen grains of the Composite.

FORMS OF CELLS.

Upon examining sections of various portions of the plant, it
is observed that not only do the cell-contents and cell-wall vary
in composition, but that the cells are of different forms, depend-
ing more or less upon their functions. Groups of cells which
are similar in form and function constitute the various tissues of
the plant; and include: (1) parenchyma cells, (2) mechanical
cells, (3) conducting cells, and (4) protective cells.

Parenchyma.—Under the head of parenchyma are included
those cells which are nearly isodiametric and thin-walled, the walls
consisting of cellulose lamellee (Fig. 134). They may contain
both protoplasmic and non-protoplasmic cell-contents. Accord-
ing to the function and nature of contents, five kinds of paren-
chyma cells are recognized: (a) CHLOROPHYLL-PARENCHYMA Or
assimilation parenchyma contains numerous chloroplastids and
'occurs in leaves and all green parts of the plant. (b) RESERVE
PARENCHYMA occurs in seeds, roots, rhizomes, leaves, and contains
starch, aleurone grains, fixed oils, and other reserve materials. In
some instances the parenchyma, as in the endosperm of date,
ivory nut, etc., may be very thick-walled (Fig. 135). The paren-
chyma in stems and leaves of various of the orchids, as well as
that of plants of arid regions, which store water, may be included
in this group. (¢) CoNDUCTING PARENCHYMA is found either
associated with the sieve or with the trachea, the cells of the
phloem conveying the plastic substances, while those of the xylem
convey water and salts. The cells of the pith and cortex are,
as a rule, not utilized for the rapid translocation of food materials
to far distant parts, although every living cell and every tissue
has a certain power of translocation, and no doubt different
parenchymatous tissues exhibit varying degrees of functional
activity and differentiation. Thus large quantities of reserve
materials are rapidly transferred to the developing embryo through
the cells of the endosperm, and in young seedlings further trans-
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Calamus the cells are so arranged that very large intercellular
spaces are formed (Fig. 134). (e) A number of modifications
of typical parenchyma also occur, some of the cells being either
quite thick-walled or considerably elongated. The walls of pith-

F16. 134. Forms of cells, A.—Transverse section of the pith of Tradescantia vir-
ginica: 1, intercellular space; W, cell wall. B.—Transverse section of calamus rhizome
showing a large oil-secretion cell, smaller cells containing starch, and large intercellular
spaces (I). C.—Transverse section of the stem of Phytolacca decandra showing collenchy-
matous cells beneath the epidermis. D.—Longitudinal section of taraxacum root showing
branched laticiferous tissue (L). E.—Transverse section of pyrethrum root: R, oil-secre-
tion reservoir with oil globules; I, cells with sphere-crystals of inulin, such as separate in
alcoholic material; L, cells containing irregular masses of inulin, as found in dried material.
F.—Longitudinal section of stem of Cucurbita Pepo: S, sieve-cell with protoplasm-like
contents. and transverse walls (sieve plates) showing simple pores.

parencﬁyma may consist of lamelle of lignocellulose and mucilage,
as in Sassafras pith (Fig. 133).

MEecaANICAL TISSUE includes all those cells which serve to
keep the various parts of the plant in their proper positions, one
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with reference to the other, and which enable it to withstand
undue strain and pressure. There are two principal forms, namely,
(@) collenchyma and (&) sclerenchyma.

THE COLLENCHYMA CELL is elongated, prismatic, with soft

F1G. 135. A, cells of endosperm of the seed of the date galm (Phanix dactylifera), the
one normal and the other showing the stratification of the wall after treatment with
chlor-zinc-iodide. .

B, cell of endosperm of Phytelephas macrocarpa (vegetable ivory) showing lamellation
and spherite structure in the wall after treatment with chlor-zinc-iodide, clove oil, chromic
acid or certain other reagents.

C, cell of endosperm of Strychnos Nux-vomica after treatment with iodine and potas-
sium iodide solution.

D, opposite pores in the walls in contiguous cells of vegetable ivory showing striz
between them after treatment with iodinc solution.

walls consisting mainly of cellulose and never lignified ; the contents
being rich in water. In transverse section it is readily distin-
guished by the local thickening of the walls, i.e., at the angles of
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the cells (Fig. 134, ¢). Pores are rare, but when present they
are annular or slit-like. Collenchyma occurs near the surface
of plant organs, as herbaceous stems. when they form ribs, as

P16, 136. Various forms of stone cells: A, epidermis of hyoscyamus seeds; B,
pericarp of pimenta, containing brownish tannin masses; C, seed-coat of coffee; D, seed-coat
of almond; E, transverse section of seed-coat of white mustard showing beaker cells; F,
surface view of beaker cells of seed-coat of white mustard; G, transverse section through
stonecells of endocarp of olive, the lumen containing air; H, a stone cell from the periderm
of calumba, containing numerous monoclinic prisms of calcium oxalate; I, various forms
of stone cells isolated from pericarp of star anise.

in the Umbelliferae. It is also found in leaves and in fruits, as in
the Umbelliferz.

SCLERENCHYMA CELLS include all of those cells which have
more or less uniformly thickened walls composed of lignocellulose,
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permeated by simple or branching pores. They have a thin layer
of protoplasm enclosing large vacuoles, and may contain tannin
or tannin-like masses, and occasionally calcium oxalate crystals
or starch, and in dead cells the lumen or cell cavity contains
air. Two kinds of sclerenchyma are recognized: 1, in which the
cells are more or less isodiametric (Figs. 136-138), known as
stone cells (short sclerenchyma); and 2, in which the cells
are elongated (Figs. 139-141), being from 0.5 to 2 mm. in
length and known as sclerenchymatous fibers (or long scleren-
chyma). Of these latter, two kinds are distinguished, chiefly
according to their position in the plant, namely, bast fibers, or
stereome, and wood fibers, or libriform. Seldom are the wood and

F1G. 137. Several forms of stone cells: A white oak bark; B, white cinnamon or
canella bark (Canella alba); C, seed-coat of capsicum.

bast fibers in the same plant uniform in structure and composition,
as in glycyrrhiza and althaa. On the other hand, they are with
difficulty distinguished in monocotyledonous roots, and the term
sclerenchymatous fiber is here best employed to include both kinds
of cells. In the study of powdered drugs the term sclerenchyma-
tous fiber may be employed with advantage when speaking of wood
and bast fibers, as in this condition they are not readily distinguish-
able. It is usual in plant anatomy to include as stereome all ligni-
fied fibers not directly associated with the vessels of the mestome
strands (or vascular bundles).

STONE CELLS Or SCLEROTIC CELLS are parenchymatous cells
with very thick, lignified walls, composed of numerous lamellz,
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which are permeated with simple and not infrequently branching
pores. They vary in form, being usually polygonal, or more or
less irregular in outline, sometimes branching. The lamellation of
the walls is brought out by the use of swelling reagents, as solu-
tions of the alkalies, hydrated chloral, chromic acid, etc. In
typical stone cells the walls always give the characteristic re-
action for lignocellulose with acid solutions of either phloro-
glucin or aniline sulphate. The lumina of the cells frequently
contains a reddish, amorphous substance, seldom are crystals of
calcium oxalate present (Fig. 136, H), and not infrequently they
are filled with air (Fig. 136, G). In the identification of com-

S o
@M

F1G6. 138. Various forms of stone cells in star anise, the fruit of Illicium anisatum.

mercial products the study of the contents of the stone cells is
frequently as important as that of the forms of cells.

BAST FIBERS or STEREOMATIC CELLS-are sclerenchymatous
fibers, occurring in the bark and usually associated with sieve cells.
They represent the skeleton of plants and are the most important
mechanical tissues of the bark, being much firmer than the collen-
chyma. They are very long, spindle-shaped, with more or less
thick walls, and provided with slit-like, oblique pores.. The walls
may consist of cellulose, as in the fibers of flax, but- they are
usually more or less lignified ; the lumina is narrow and usually
contains air. In transverse sections the fibers are more or less
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circular, ellipsoidal or polygonal, depending upon the pressure
upon the walls and whether they are isolated or in groups. They
vary in diameter and length, and also in the thickness of the walls;
while most bast fibers are between 1 and 2 mm. in length, they
may be more than 200 mm. in length, as in Boehmeria nivea.
The ends may be more or less obtuse or drawn out to a fine point;

F1G. 139. Transverse (t) and longitudinal (I) sections of commercial fibers: A, long
staple cotton from the seeds of Gossypium; B, Kentucky hemp, the bast of Cannabis
satwwa; C, jute, the bast of Corchorus; D, sisal, the fibers from the leaves of the Century
plant (Agave rigida Sisalana) ; E, raphia. the outer layers of leaflets of Raphia pedunculata;
F, ramie, the fibers from a Formosa nettle; G, Merino wool; H, silk; I, artificial silk, the
figure on the left showing a false lumen due to the infolding of the edges. f, fungal hyphe;
¢, rosette aggregates of calcium oxalate; p, parenchyma cells.

occasionally they are somewhat branched (Fig. 140). The pores
in surface view are narrow elliptical and arranged according to a
left-handed spiral. The spiral arrangement of the component
clements of the wall is supposed to give strength to the fibers,
and, according to Schwendener, they will sustain a weight nearly
equivalent to that of wrought-iron and steel.
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Bast fibers may be isolated by the use of Schulze’s macerating
fluid (which is prepared by dissolving a few crystals of potassium
chlorate in nitric acid) and moderately heating the solution con-
taining the material either on a slide or in a test-tube.

The mechanical tissue consisting of cells resembling bast fibers
and occurring in leaves and fruits is usually referred to as
stereome.

WooD FIBERS Oor LIBRIFORM CELLS are sclerenchymatous fibers

F16. 140. A, C, bast fibers of the bark of Cinchona succirubra; B, bast fibers of the
bark of Cinchona Ledgeriana; D, stone cells of Cuprea bark (Remijia peduncuiata).—After
Gesterle and Tschirch,
occurring in the wood and are usually associated with the trachez.
They are scarcely to be distinguished from the bast fibers except
by their position, and are the strengthening cells of the xylem.
While the bast fiber is frequently not lignified, the walls of the
wood fibers usually consist of lignocellulose, and usually give
quite pronounced color reactions with acid solutions of either

phloroglucin or aniline sulphate. Wood fibers are usually more
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abundant than bast fibers in the same plant, and, while the bast
fibers may be wanting, the wood fibers, with few exceptions, are
always present. Wood fibers seldom attain the length of bast
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F16. 141. Longitudinal-transverse section of licorice rhizome including the cambium:
P, parenchyma; T, trachez or ducts; WF, wood fibers; C, cambium, S, sieve; CF, crystal
fibers; BF, bast fibers; MR, medullary ray.

fibers. They are not infrequently branched at the ends, and,
besides a thin protoplasmic layer, they usually have no other
contents than water or air. They frequently have yellowish
walls, characteristic of stone cells, and also exhibit a similar
lamellation and refraction of the wall.
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Conducting cells or mestome include those cells which are
chiefly concerned in the transferral of either crude or assimilable

F16G. 142,

Development of spiral bands in the mechanical cells of young fruits of Fegatella
conica (Hepaticae): I, young cell with vacuoles and small starch grains; II, portion of an older
cell showing formation of large vacuoles in the protoplasm, the strands of which are arranged
in a left-hand spiral; III, showing spiral arrangement of protoplasm; IV, portion of cell
as in III treated with a sugar solution and showing plasmolysis of protoplast; V, showing
formation of band; VI, a cell as in V treated with sugar solution, showing the protoplasm
arranged along the thickened portions of the wall where the bands are forming; VII, the
mature cell showing lignified spiral bands.—After Dippel in ‘‘ Das Mikroskop.”’

food materials. The more or less crude inorganic materials are
carried from the root through the woody portion of the stem to
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the leaves, and from the leaves the products of photosynthesis,
as well as other plastic substances, are distributed through some
of the tissues of the bark to other parts of the plant. The tissues
or elements of the wood which conduct food materials are of sev-
eral forms and include trachew or vessels (also called ““ ducts '),
tracheids, and conducting parenchyma; and the elements of the
bark which transport the assimilable materials comprise the lep-
tome and conducting parenchyma (Fig. 141). Water-conducting
elements (TRACHEAL ELEMENTS) comprise the vessels (trachez)
and the tracheids, which resemble each other, except that the latter
are single cells of prosenchymatic shape, while the former are
very long tubes, varying from cylindrical to prismatic in shape, and
consist of long rows of cells which are superimposed length-
wise, the transverse walls being usually obliterated.
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F1G6. 143. Forms of trachez or vessels. A.—Longitudinal section of stem of Cucurbita
Pepo showing various forms of trachez: A, annular; S, spiral; D, double spiral; C, close
annular; R, reticulate. B.—Trachea in glycyrrhiza rhizome: W, wall; B, bordered pores;

P, oblique simple pores.

The tracheze or vessels are formed by the disintegration and
removal of the transverse walls between certain superimposed
cells, forming an elongated cell or tube, which occasionally retains
some of the transverse walls (Figs. 142-144). The longitudinal
walls are relatively thin and consist of lignocellulose, giving pro-
nounced reactions with phloroglucin or aniline sulphate.

Four types of vessels or trachez are known: annular, spiral,
reticulate, and porous. Those having the thickenings in the form
of horizontal or oblique rings are known as ANNULAR TRACHEZX ;
those having the thickenings in the form of spirals, which usually
run from right to left, are known as SPIRAL TRACHEZE; those
having the thickenings in the form of a reticulation are known as

18
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RETICULATED TRACHEZ, and those with spherical or oblique slit
pores are known as POROUS TRACHEZE or vessels (Figs. 142-144).

In those vessels in which but few of the transverse walls are
obliterated, the walls are marked by both simple and bordered
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F1G. 144. Types of trache= or vessels. A, vessels with annular and spiral thickenings
in Phlox carolina; B, longitudinal section through fibrovascular bundle in aconite, showing
porous (p) and spiral trachez (t), bast fibers (b), and some of the collenchyma cells (c);
C, longitudinal section showing reticulate trachez in scopolia; D, longitudinal section of
the woody part of the rhizome of Spigelia, showing trachez (t), tracheids (h), trache= (r)
with yellowish-brown, gum-like masses; E, portion of xylem of stem showing in Hyos-
cyamus trachez (t) with bordered pores and wood fibers (w), with simple oblique pores.

pores, which latter are described under tracheids. Vessels contain
water, water-vapor, and air; in some cases they contain sugar,
tannin, mucilage, or resin.
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The tracheids are intermediate in character between trachez
and libriform, resembling the former in possessing bordered pores
(Fig. 145) and scalariform thickenings; and the latter in being
true cells, which are usually elongated and quite thick-walled,
the walls giving distinct reactions for lignocellulose with phloro-
glucin or aniline sulphate.

One of the chief characteristics of tracheids is the BORDERED
rores (Fig. 145). These differ from simple pores in that the
wall surrounding the pore forms a dome-shaped or blister-like

P1G. 145 Bordered pores of the tracheids of the wood of Abies alba as viewed in
longitudinal section: m, middle lamella; v, i, middle and inner layers of walls of contigu-
ous cells; C, pore-canal through which sap passes from one cell to another; L, dome-
shaped cavity of pore; S, separating wall or closing membrane which is usually thickened
in the middle as shown at t. In older cells the separating membrane is broken as shown
in the lower pore in figure 2. At the right in figure 4 is shown a surface view of a bordered
pore, the dotted lines indicating the relation of the circles to the structure of the pore.—
After Vogl,

protrusion into the cell. On surface view the pores are either
circular or elliptical in outline, the dome being circular or, if the
pores are numerous and arranged close together, more or less
polygonal (Figs. 143, 144).

The number and distribution of bordered pores in the Coni-
ferze are quite characteristic for some of the genera, and may be
studied in any of the pines, the pores being most numerous in
the radial walls (Fig. 69).
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The leptome or sieve is distinguished from the other con-
ducting elements in that the walls are thin and are composed of
cellulose (Fig. 146). It consists of superimposed elongated cells,
the transverse walls of which possess numerous pores which are
supposed to be in the nature of openings, permitting of the

F1G6. 146. Different forms of sieve pores: I, portion of sieve tube of Bryonia alba,
II of Cucurbita Pepo, A longitudinal section and B in transverse section; III, portion of a
sieve cell of Larix europea showing round sieve pores; IV, an old sieve plate in Bryonia
alba treated with chlor-zinc-iodide, showing the striated callous plates (c), (z) cell-wall,
(s) sieve plate, (i) contents of sieve tube, (h) cell membrane, (c) callous plates.—After Dippel
in *Das Mikroskop.”

direct passage of the contents from one cell to the other. This
transverse wall, which may be either horizontal or oblique, is
known as the SIEVE PLATE, and the thin places as pores of the
sieve. The sieve plates are sometimes also formed on the longi-
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tudinal walls. When the activities of plants are suspended during
the winter, there is formed on either side of the sieve plates a layer
of a colorless, mucilaginous substance, known as callus, which has
somewhat the appearance of collenchyma, but is colored brownish
by chlor-zinc iodide.

The sieve cells contain an albuminous substance somewhat
resembling protoplasm; in some instances starch grains have also
been found.

When the activities of the sieve tubes have ceased, they be-
come altered in shape, and are then known as altered sieve. In
the drying of plants a similar alteration is produced, and the
sieve of vegetable drugs is referred to as “ obliterated ” sieve.

Protecting cells include those cells which are located on the
outer parts of the plant. The function of these cells is to lessen
the rate of transpiration, or the giving off of water; to furnish
protection against changes of temperature, and to protect the
inner tissues against the attack of fungi and insects; they also have
a mechanical function (Figs. 147, 157).

Depending principally upon their composition, these cells may
be divided into two classes, namely, epidermal cells and cork cells.

The epidermal cells constitute the outermost layer of the
plant. They contain cytoplasm, but the plastids in some instances
are wanting; in petals, etc., they also contain dissolved color-
ing principles; and on account of the relatively large amount of
water which they contain they are classed among the important
water-reservoirs of the plant.

The outer walls are principally characterized by one or more
lamellze of cutin, these uniting to form a continuous wall. The
cutin is often associated with wax, this constituting the bloom of
fruits; less frequently such inorganic substances as calcium car-
bonate, calcium oxalate, and silica are present, and not infre-
quently mucilage is present, as in the walls of certain seeds (Fig.
119, 4).

On surface view the form of these cells varies from nearly
isodiametric to oblong; they may also be polygonal or branched.
In transverse section their radial diameter is much the shorter.
In some instances the innér and side walls are considerably thick-
ened, as in the seeds of a number of the Solanacez (Fig. 136, 4).
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The epidermis usually consists of a single layer of cells, but
may have additional layers underneath forming the HYPODERMTS, .
as in the upper surface of the leaves of species of Ficus (Fig. 113) ;

FiG. 147. Stomata and water-pores. A.—Transverse section through lower surface
of leaf of stramonium: stoma, with guard cells (G), containing cytoplasm, nucleus and
chloroplastids; N, surrounding cells; A, intercellular cavity usually filled with cell-sap or
watery vapor; E, epidermal cells; M, mesophyll. B.—Surface section of upper surface of
leaf of Viola tricolor showing four stomata. C.—Surface section of under surface of leaf of
Viola tricolor showing five stomata. D.—A section through the margin of the leaf of Viola
tricolor showing a tooth with three water-pores. E.—A water-pore of Viola tricolor in
surface section.

in some instances the hypodermis undergoes a mucilage modifica-
tion, as in the leaves of buchu. :

Stomata.—Distributed among the epidermal cells are pairs
of crescent-shaped cells known as a stoma, and having an open-
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ing or pore between them, which leads to a cavity beneath it. The
two cells of the stoma are known as cuarp ceLLs (Fig. 147, G).
The adjoining walls of the guard cells are alike in transverse sec-
tion, but the cells vary in shape in different plants. The guard
cells are more or less elastic, and when the cells are turgescent, as
when there is an abundance of water and root pressure is strongest,
the contiguous walls of the cells recede from each other, forming
an opening between them, thus permitting the exit of the excess of
water taken up by the plant and the exhalation of the oxygen
given off during assimilation, as well as the intake of the carbon
dioxide used in photosynthesis. On the other hand, when the
amount of water in the plant is reduced below the normal and the
plant shows signs of wilting the guard cells flatten and the open-
ing or pore is closed (Fig.214). The cells beneath the stoma are
loosely arranged, so that the air containing carbon dioxide may
be readily diffused to the cells containing the chloroplastids.

The guard cells may be slightly raised above or sunk below
the surrounding epidermal cells, the number of the latter being
characteristic for certain plants. (Compare Figs. 147, 211-218.)

Stomata occur in the largest numbers on the blades of foliage
leaves, being more numerous on the under surface, except in
aquatic plants, where they occur only upon the upper surface.

Water Pores.—Near the margin of the leaf and directly over
the ends of conducting cells, not infrequently occur stomata, in
which the function of opening and closing is wanting, and which
contain in the cavity below the opening water and not air, thus
differing from true stomata (Fig. 147, D, E). These are known
as WATER PORES, and they give off water in the liquid form, the
drops being visible on the edges of the leaves of nasturtiums,
fuchsias, roses, etc., at certain times.

Plant Hairs.—The epidermal cells are sometimes specially
modified centrifugally, giving rise to papille, to which the velvety
appearance of the petals of flowers is due; in other cases this
modification is in the form of hairs or trichomes (Figs. 148-155).
These may be unicellular or multicellular, and in addition the
latter may be glandular or non-glandular. Glandular hairs possess
a head-like apex, consisting of one or more cells, and they secrete
oil, mucilage, and other substances (Figs. 124, 125, 149, 150).
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In the examination of technical products, as also in taxonomic
work, the study of plant hairs is very important. They show a
great diversity in form in not only genera and families but even.
in related species. They vary considerably in their distribution
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F16. 148. Mostly non-glandular hairs and a few of the small glandular hairs covering
the surface of the fruits of several species of Rhus: g, hairs on Rhus glebre, being more or
less broadly top-shaped or carrot-shape to spatulate and occasionally narrow elliptical and
from 0.100 to 0.400 mm. in length; b, hairs on Rhus typhina, being long and needle-like,
varying from 0.750 to 1.500 mm. in length; ¢, hairs of Rhus glabra borealis, being intermedi-
ate between those of Rhus glabra and Rhus typhina, varying from elongate spatulate and
narrow cylindrical to needle-shaped, and from 0.100 to 1.000 mm. in length.

not only in related species, but sometimes in varieties of the same
species they show marked variation in size and form. In some
natural hybrids intermediate forms of hairs of the parent species
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are found. This was pointed out by Kraemer in some studies
on Rhus glabra and Rhus typhina (Amer. Jour. Pharm., 1913,
p- 404), in which a herbarium specimen in the New York Botanical
Garden and labelled by Britton as Rhus glabra borealis shows
hairs which in form and size are intermediate between those of
R. glabra and R. typhina (Fig. 148).

Plant hairs may be divided into two principal groups I.
GLANDULAR HAIRS, or those in which the summit consists of one
or more cells which secrete beneath the cuticle either mucilage,
oils, or oleo-resins, and the summit of the hair possesses a more
or less globular form. II. NON-GLANDULAR HAIRS, or those in
which the summit of the hair consists of one or more rounded or
pointed cells in which no secretion is formed beneath the cuticle.

GLANDULAR HAIrs may be divided into five different groups:

I. Unicellular glandular hairs consist of a single tubular
cell, the upper portion being more or less swollen and rounded
(Fig. 149, 4, B). Hairs of this type occur in the Euphorbiacez,
in which they more or less resemble Papille. In the Composite
they contain a latex and appear to be connected with the laticifer-
ous vessels. They also occur in the Anacardiacex, Cornacez,
Geraniacex, Leguminosa, Malvacez, Menispermacez, Onagracez,
Piperacez, Ranunculacex, Tiliaceze and Zygophyllacez.

2. Multicellular glandular hairs consist of a number of forms;
either they are differentiated into a stalk and a head, or the stalk
may be wanting when the hair has a spatulate or clavate form.
These are often very characteristic for certain families, as the
glandular hairs in the Labiatee (Fig. 124), which possess a short
stalk and a head portion with eight cells, the cuticle being raised
like a bladder owing to the great accumulation of secretion. There
-are a great many types of multicellular glandular hairs (Fig. 149).
They may be uniseriate, 1.e., consisting of a series of cells with
either a unicellular head (Fig. 149, C, E, K, M), as in the Meni-
spermacez, Araliacez, Malvace, Caryophyllacee, Geraniacea,
etc., or they may be bicellular (Fig. 149, D, FF, H, J, L, O), as in
the Cruciferee. The heads may consist of two to four cells (Fig.
149, G, V,Y), as in the Burseracez, or eight cells, as in the Labiatae
(Fig. 149, 7). Multicellular glandular hairs have been found in
the following families: Acerace, Anacardiacez, Araliacez, Be-
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F1G. 149. Various types of glandular hairs. Unicellular hairs on Julocroton fus-
cescens (A), Croton monanthogynus (B). Uniseriate uni-glandular hairs on Zollikoferia
nudicaulis (C), Silene villosa (E), Geranium favosum (K), Boerhaavia repens (M). Glandular
hairs with two-celled heads on Hesperis glutinosa (D), Pityrodia salvifolia (F), Cyclamen -
persicum (H), Lysimachia Nummularia (J), Chenopodium Botrys (L), Diospyros Kaki (O).
Glandular hairs with four-celled heads on Humulus Lupulus (G), Boswellia papyrifera (V),
Humulus Lupulus (Y). Glandular hairs with five-celled heads on Combretum aculeatum (Z),
Humulus Lupulus (Y). Glandular hairs with six-celled heads on Rhododendron Dalhousie
(X), hair characteristic on the Phaseole® (U). Glandular hairs with eight-celled heads on
Lavandula vera (W). Glandular hairs with multicellular heads on Pieris floribunda (N),
Begonia caroliniefolia (S), Begonia pretoniensis (s). Glandular hairs with four and eight
cells respectively on Picramnia coccinea (P). Glandular hairs with two and four cells re-
spectively on Cistus ladaniferus (R). Double glandular hair on Rhododendron lanatum (T)
—Adapted from Solereder and redrawn by Hogstad.
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goniacex, Berberidacez, Bixacex, Borraginacex, Burseracez.
Capparidacez, Caprifoliace, Caryopyhllacez, Chenopodiacez,
Combretaceze, Composite, Convolvulacez, Cornacea, Crassulacez,
Cruciferze, Cucurbitacex, Dipsacez, Ericacez, Euphorbiacez,
Fagacex, Geraniacex, Hippocastanacez, Hydrophyllacez, Labi-
ate, Leguminose, Malvacee, Melastomataceae, Meliacee, Meni-
spermacex, Moracez, Myrsinacee, Nolanacee, Nyctaginacez,
Nymphexacez, Piperacez, Platanacez, Plantaginacez, Polemoni-
acex, Polygonacex, Portulacacee, Primulacez, Rosacex, Ru-
tacee, Sapindacex, Saxifragacee, Scrophulariacez, Simarubacee,
Solanacez, Sterculiaceax, Theacea, Tiliacee, Umbellifere, Ul-
macee, and Valerianacez.

3. Glandular leaf-teeth, as the name would signify, include
the glandular hairs formed on the lobes of leaves. They vary
in structure and may secrete mucilage, as in the Violacee (Fig.
120) and in some of the Composita, or they may secrete, in addi-
tion, resin, as in the Rosacez, or calcium oxalate, as in the
Saxifragacee.

4. Special forms of multicellular glands are found in the
Aceracez, in which a pair of glands are fused together. In some
of the Composite and Moracex a group of glandular hairs are
united. Other special types also occur in the Droseracez, Ana-
cardiacez, Leguminosa, etc.

5. Hair-like external glands having a complicated structure
have been observed in a number of families. They are limited
to certain portions of the plant, being found in the Apocynacee
at the base of the leaves and in the Rubiacez only on the stipules.
They are usually very large, secreting considerable mucilage and
resin. The glandular, shaggy hairs occurring on the stipules in
the Rubiacez are of this type, the secretion being often so abundant
that the young leaves emerging from the stipular sheath are
coated with this resin, which is even retained by the mature
leaves. : :

II. NoN-GLANDULAR Hairs are of three general types: 1.
Simple hairs (Figs. 148, 151), which may be unicellular or uni-
seriate,—i.e., consisting of a series of superimposed cells. 2.
Peltate or stellate groups (Fig. 153, D, E, H, K), consisting of
two or more hairs united at the base and spreading like a star.
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Fic. 150. PForms of glandular hairs: A, corkscrew-like hairs from the inner surface
of the spurred corolla of lavender; B, longitudinal section of rhizome of Dryopteris mar-
ginalis showing large intercellular space and an internal oil-secretion hair; C, hairs from
stramonium leaf; D, hairs from Digitalis; E, hair from sage; F, hair from eriodictyon; G,
hairs from inner walls of pericarp of vanilla; H, hair from cannabis indica; I, hairs from
surface of fruit of Rhus glabra; K, hairs from belladonna leaf.
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vary in form and are very characteristic in a great many plants.
The terms used to describe the various types of hairs are in a
few instances rather simple, but there are so many modifications
that nothing short of an illustration will suffice to define them.
The simple hairs may be divided into a number of sub-divisions:
(a) Papillose hairs, being short outgrowths of the epidermal cells,
somewhat resembling the papillee found on the ventral surfaces of
petals. This form is found in a relatively few families. (&)
Unicellular hairs, being outgrowths considerably longer than
papillee and occur in a large number of plants. This is also true
of a third type (¢), known as uniseriate hairs and in which there

FiG. 152. Forms of non-glandular hairs: A, twisted hairs from under surface of
leaf of eriodictyon; B, lignified hairs from the epidermis of nux vomica; C, branching
hairs from the leaf of mullein (Verbascum thapsus).
are two or more cells connected as in a chain. Among special
terms frequently used the following may be mentioned: (d)
Hooked hairs (Fig. 154, 4, B), in which the summit is bent in the
form of a hook. (e) Two-armed hairs (Fig. 153, D), in which
the summit consists of two cells which diverge from each other
and spread out horizontally or parallel to the surface of the leaf.
(f) Stellate hairs (Fig. 151, B) consist of a group of cells ar-
ranged around a simple point, as in the Crucifere and Saxifra-
gacez. (g) Peltate hairs (Fig. 153, E) consist of a group of
radially arranged cells, of which all or only some reach the centre
of the shield, as in the Solanacex, Malvacez, Loganiacex, and
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Rosacex. (h) Candelabra or abietiform hairs (Fig. 153, L) are
those which have a uniseriate main axis, interrupted at intervals
by whorls of ray cells. These show considerable variation and are
very characteristic in the Solanacez, Acanthacez, Leguminose,
Labiate, and Euphorbiacee. (i) Stinging hairs (Fig. 153, J),
or those containing an irritating substance, as in the stinging nettle
and other plants of the Urticaceze. The hairs are rather long, the

F1G. 153. Several types of non-glandular hairs. Crystal hairs on Malanea macro-
phylla: A, showing hair with a single row of crystals; B, cell with 2 rows of crystals; C,
transverse section of B, showing crystals. Two-armed hairs on Ariemisia Absinthium (D)
and Dichondra repens (H); F, uniseriate non-glandular hair on Pongamia glabra; E, longi-
tudinal view showing two of the cells of a peltate hair on ‘Solanum argenteum; G, shaggy
hair on Calandrinia umbellata; J, upper portion of stinging hairs of Urtice dioica; K, cup-
shaped peltate hair on Rhododendron Anthopogon; L, candelabra hair on Verbascum Thap-
sus.~—Adapted from Solereder and redrawn by Hogstad.

summit bearing a spherical or ovoid head, which is obliquely in-
serted and rather easily detached, thus leading to the emission of
the contents. The stinging sensation was formerly stated to be
due to formic acid, but it is now supposed to be in the nature of a
substance related to the ferments. (j) Crystal-containing hairs.
Calcium oxalate (Fig. 153, 4, B, C), either in the form of rosette
aggregates or prisms or needles, is sometimes present in the
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F1G. 154. Hairs in the Composite: A, slightly curved or hooked hairs on the corolla
of Dandelion; B, hooked hairs on the filaments of Inula; C, hairs on pappus of Tragopogon
pratensis; D, hair from akene of Tragopogon pratensis; E, portion of barbed hair upon
pappus of Inula; F and G, double hairs from achene of Tagetes tenuifolia; H, double hairs
from achene of Inula; J, double hair from corolla of Calendula.
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LigNiFiED Halrs.—In some seeds, as in nux vomica, the hairs
are strongly lignified, as are also the bases of the hairs of Stro-
phantus hispidus. This is due to a lignocellulose modification of
the wall, and, since broken hairs look more or less like fibers, one
might easily be led astray in the study of powdered drugs. It is
not usual to make a microchemical study-of the walls of non-
glandular hairs, but this subject is well worthy the attention of
investigators. .

FaLse PLaNnt Hairs.—While it is impossible for the careful
student of plant morphology to mistake anything else for plant
hairs, it is, nevertheless, worth while to call attention to some of
the mistakes that are liable to be made. In works on systematic
botany sometimes occur contradictory statements concerning the
abundance or scarcity of hairs, especially as they relate to the
flower. In a superficial examination, for instance, in the violets,
large masses of germinating pollen grains with their tubes matted
together are not at all uncommon in the throat of the corolla, and
these have been mistaken for hairs. Furthermore, the mycelia
of fungi may be mistaken for hairs, especially in young seedlings,
as of hyoscyamus, belladonna, etc., where thread-like delicate
branching hairs may occur. In the examination of economic prod-
ucts, especially powdered drugs and spices, mistakes of this kind .
may occur, unless the student has devoted some attention to this
study. In all studies of plant hairs the student should carefully
locate the summits and bases, and unless these can be recognized,
or if broken made to correspond to each other, one cannot say
that hairs are present.

Cork CELLS replace the epidermal cells of roots and stems that
persist year after year. They are formed, as has already been
stated, from a distinct meristem, called the phellogen. Cork cells
differ from the epidermal cells in that the walls are uniformly
thickened and on surface view are polygonal in shape. The walls
consist of suberin, a substance allied to cutin; in some instances
they also contan lignocellulose, forming cork stone-cells, as in
asclepias and calumba. The young cells may contain a thin layer
of cytoplasm and a nucleus; they usually also contain brownish
masses of tannin or tannin-like compounds, and occasionally crys-
tals of cerin or calcium oxalate.
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Cork not only occurs as a secondary protective layer, but may
also arise in other parts of the plant as a result of injury, as in
leaves, fruits, stems, and tubers. It also arises as a result of the
disarticulation of the leaf in autumn.

PeriDERM.—The epidermis is not adapted for the protection
of the perennial plant organs on account of its thin, frequently
delicate structure and its inability to continue with the increase in
thickness of stems and roots. Hence it becomes replaced by the
periderm, which consists of a lasting tissue, the cork, and of a
meristematic tissue, the PHELLOGEN, which reproduces the cork
when it becomes torn or destroyed, by the continued growth in

F1G6. 156. Section through a secondary lenticel in the bark of Sassafras; e, epidermis,
st, stone cells; phel, phelloderm derived from secondary phellogen and having thick ligni
fied wall; p, parenchyma; c, cork; com, complementary cells.—After Weiss.
thickness of stems or roots. Cork is not only of sub-epidermal
origin, but may occur deeper in the cortex (Fig. 158), or even in-
side the endodermis. In the latter case, as in roots, it owes its:
existence to the activity of the pericambium. Superficial, i.e.,
hypodermal cork, is extremely rare in roots. Not infrequently a
layer of cells is formed inside of the phellogen, being termed the
phelloderm. They usually contain plastids; the walls are moder-
ately thick and free from intercellular spaces (Fig. 156).

Lenticels may be described as biconvex fissures in the periderm
which permit of the easy access of air to the intercellular spaces
of the rather loosely arranged cells lying beneath them (Fig.



292 A TEXT-BOOK OF BOTANY.

150). They usually arise as the product of a meristem situated
beneath the stomata of the epidermis, the stomata being replaced
by them when cork is developed. Several types of lenticels are

.

Bark of Rhamnus Purshiana showing large whitish patches of lichens,
and numerous lens-shaped lenticels.

distinguished. They are quite characteristic and prominent in
a number of barks, as those of species of Betula, Prunus, Rham-
nus (Fig. 157), etc.

FiG. 157.
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Fi1G. 158.
development of cork in upper row of collenchymatous cells in the stem of Sambucus nigra;
C, development of cork meristem in cells of cortex immediately above the primary bast
fibers in Rubus fruticosus; D, development of primary cork in cells above the secondary
bast fibers of Clematis Vitalba; e, epidermal cells; k, cork; km, cork-meristem; c, collen-
chyma; " b, parenchyma; b, b, primary bast fibers; b’, secondary bast fibers; K, young
cork cells.—After Dippel in ‘' Das Mikroskop.”

Bork.—The cork cambium or phellogen develops before ma-
turity in the green stems of woody plants belonging to the dico-
tyledons. It may develop in the primary or secondary tissues
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(Fig. 158). When the phellogen develops in the deep-seated
tissues, the cells outside of the corky layer sooner or later die and
slough off. This is due to the fact that the cork cells are suberized
and do not permit the passage of the cell-sap containing food sub-
stances. In large shrubs and trees with thick stems and trunks
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F16. 150. Development of Bork: A, in bark of cherry (Prunus Cerasus), showing
a layer of periderm (k) with thin-walled cork cells; bast fibers (Bf); parenchyma (p);
stone cells (st) occasionally branching and lengthened into fibers. B, inner layer of periderm
of Quercus Robur, showing compactly arranged, thick-walled cork cells (P) filled with a
reddish phlobaphene or altered tannin; starch-bearing parenchyma (p); stone cells (st);
sieve tubes (Bg); bast fibers (Bf); prism of calcium oxalate (kr); several rows of thick-
walled, porous cells (x).—After Dippel in ‘‘Das Mikroskop.”

a number of successive layers of cork or periderm are formed.
These layers with the dead cortical tissues between them persist
to some extent and constitute what is known as bork, i.e., bork
consists of a number of alternate layers of periderm and cortical
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tissues. The cork cells in different trees are variously developed
and accordingly two types of bork formation may be distinguished.
In sycamore, cherry and plum trees the cork cells are only slightly
thickened (TFig. 159) and the periderm in the form of layers

F1G. 160. White oak bark with the fissured corky layers (bork).

separates from the tree annually. In the oaks, chestnuts and
tulip poplar the cork cells (Fig. 159) are thick walled and com-
pactly arranged so that, under the stress of growth and thickness
of the bark, the layers of periderm are split longitudinally, giving



296 A TEXT-BOOK OF BOTANY

rise to the deep furrows (Fig. 160) which are so characteristic
of the outer surface of our large trees.

Laticiferous or milk tissue occurs in all those plants which
emit a milk-juice on being cut or otherwise wounded. The juice
may be colorless, as in the oleander; whitish, as in the Asclepia-
dacez, Apocynacez, etc.; or yellowish, as in the Papaveracee.
It contains caoutchouc, oils, resins, mucilage, starch, calcium
oxalate and alkaloids as well. The walls are relatively thin and
consist chiefly of cellulose. The tissue consists either of single
cells of definite length, as in the Papaveracez, or the cells may be
of indefinite length, as in the Asclepiadacez, or it may consist of
a more or less branching network (Fig. 127) formed by the
anastomosing of a number of cells, as in Taraxacum (consult
paragraph on Latex, pp. 238-241).

As has already been stated, the latex of plants contains a num-
ber of plastic or trophic substances,—i.c., those which, either at
once or after being stored for a time as reserve food, are drawn
into metabolism and serve as nutrient material. They also con-
tain a number of aplastic or non-trophic substances, as caoutchouc,
resin, alkaloids, volatile oils and tannin, which are in the nature
of metabolic by-products and are incapable of further metabolism.
While it is highly probable that the laticiferous tissue, on account
of its being always associated with the phloem, functions to some
extent for the transportation of plastic substances, yet it serves
another purpose, viz., to protect the underlying cells after injury
of the plant by insects or herbivorous animals. This protection
results from the rapid coagulation of the exuding latex upon
exposure to the air and forming a varnish-like surface. In some
cases the latex contains a poisonous prmc1ple which exercises a
protective function. In Rhus Toxicodendron the prmcxple causing
the eczema, namely toxicodendrol, is supposed to be formed in
laticiferous tissues being transferred to the hairs, which upon
being broken liberate the poison.
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KINDS OF PLANT CELLS.

CONDUCTING CELLS.

PROTECTING CELLS.

CLASS. PARENCHYMA. MECHANICAL CELLS.
. I
Name | Parenchyma | Collenchyma| Stone cells Sclerenchym: Trachea or Tracheids Sieve Epidermis Cork
fibers (wood vessels
fibers and
bast fibers)
Occurrence Associated Usually Usually in Usually Forming a Forming a Forming a The outer At or near
with any of | beneath'the | fruits, seeds | forming a | part of the | part of the | part of the layer of the surface of
the epidermis and bark, part of the xylem xylem, espe- phloem herbaceous older roots
other cells occasionally | fibrovascu- cially in the plants and stems
in pith lar tissue Conifera
Form Nearly isodia- Elongated |Nearlyisodia-| Cylindra- Cylindra- Cylindra- Cylindra- | Isodiametric, | Isodiametric
metric or cyl- metric or cyl-| ceous or ceous or ceous or ceous or polygonal or - | or polygonal
indraceous, or indraceous, prismatic prismatic prismatic prismatic branching
branching or branching
Cell-contents | Protoplasmic Occasion- Mostly air, | Mostly air | In mature | In mature | Leucoplasts, | Protoplasm, |Inmature cells
and non- ally proto- | occasionally cells usually | cells mostly i albuminous | plastids, cell- insoluble
protoplasmic | plasm, starch | calcium oxa- air, occasion- | air, occasion- | substances, sap resin or tannin
late and ally masses of|ally masses of  occasionally masses
altered tan- mucilage or | mucilage or starch
nin resin resin
Composition Cellulose, Cellulose Ligno- Cellulose Ligno- Ligno- Cellulose Outer layer Suberin,
of cell wall occasionally cellulose or ligno- cellulose cellulose cutin, occa- occasionally
ligno-cellulose cellulose sionally wax; | ligno-cellulose
middle layers
cellulose or
mucilage, oils,
1esins, silica or
calcium car-
bonate; inner
layer cellulose
Markings Frequently |Occasicnally | Simple and Narrow Annular, Bordered | Simple pores, No pores, No pores
of wall with simple | with sumple | branching elliptical, spiral or pores or connecting | except in the
pores pores pores oblique pores| reticulated | scalariform sieve cells ower
thickenings, | thickenings
simple or
bordered

pores




CHAPTER III

THE OUTER AND INNER MORPHOLOGY OF
HIGHER PLANTS.

INTRODUCTORY.

It may be well to repeat at this point that on germination of
the megaspore the female gametophyte bearing the egg-cell is
formed, and that on germination of a microspore the male gameto-
phyte bearing male nuclei is organized. The union of egg-cell
and a male nucleus gives rise to the sporophyte embryo contained
in the seed, which develops into the plant we see, namely, the
sporophyte. The female gametophyte always remains concealed
within the embryo-sac, and the male gametophyte may be said to
embody the protoplasmic contents of the pollen tube.

A complete flower is made up of floral leaves and sporophylls,
the latter being essential for the reason that they give rise to the
spores. While the flower belongs to the sporophyte generation,
the propagative organs may be said to be derived from both the
sporophyte and gametophyte, and hence may be distinguished as
asexual and sexual. The following outline illustrates their -
derivation :

Egg-apparatus,
containing egg-cell or

Sexual, derived from female gamete
gametophytes (sex-
ual generation) Male Generative-cell,

giving rise to male
nuclei or male gametes
Propagative
Organs Microsporangium (pollen
‘ sacs) giving rise to
microspores (pollen

Asexual, derived from !
grains)

sporophyte (asex-
ual generation)

Megasporangium (nucel-
lus) giving rise to mega-
298 spore (embryo-sac)
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Lemna, etc. If we take a germinating plant and mark the root
into ten equal divisions, beginning at the apex, and place the
plant in a moist chamber, it will be found in the course of one
or two days that the marks between 1 and 5 have become much
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FiG. 162. Longitudinal sectxon through the tip of the root of Indian corn (Zea Mays)
showing root-cap: a, outer layer; i, inner layer.—After Sachs.

farther apart, and that the growth in this region is about three
times that between 5 and 10. This experiment indicates that the
growth of the root takes place at or near the apex, this region

being known as the point of growth, or point of vegetation (Fig.
162).
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Upon examining the tip of a very young root by means of the
microscope, it will be seen that the growing point is protected by
a cup-shaped body of a more or less solid structure and frequently
mucilaginous; this is known as a rooT-capr. Its function is to
protect the growing point, and it exists in all roots of terrestrial,
epiphytic, and aquatic plants except the parasites.

Just above the root-cap there is developed a narrow zone of
delicate hairs, which arise from the surface cells and are usually
thin-walled and unicellular. These are known as ROOT-HAIRS
(Fig. 161, B) and their function is twofold: (1) They secrete an
acid which renders the inorganic substances of the earth soluble,
and (2) they absorb these and other substances for the nourish-
ment of the plant. It should be stated that there are a number of
plants which for various reasons do not possess root-hairs, such
as water-plants, marsh-plants, certain Coniferz, Ericacez, etc.

When the primary root persists (as in Gymnosperms and
Dicotyledons) it increases considerably in length and becomes
ramified ; if, at the same time, it increases in thickness, and much
more so than its branches, then it is called a TaP-rOOT (as in
Dancus Beta, etc.).

In the vascular cryptogams (Pteridophytes) and the monocoty-
ledons the primary root is generally thin and weak, frequently
but little ramified, and disappears at an early stage, being re-
placed by SECONDARY ROOTS, as in Zea. Secondary roots may
arise not only upon the stem but even upon leaves, as in Begonia
and Bryophyllum. The term LATERAL ROOTS is restricted to those
that develop from the root alone.

The development of roots upon shoots or of so-called “ Ap-
VENTITIOUS ROOTS ” occurs in nearly all of the woody plants of
the Spermophyta. Many annual herbaceous plants do not possess
this capacity at all. The adventitious roots arise from “ root-
primordia ” which are formed under the cortex of the shoots.
While ordinarily they do not develop upon the shoots, yet if
cuttings are made, as of Coleus, Geranium, Rosa, etc., we find
“ either singly or on both sides of the axillary buds " the develop-
ment of adventitious roots from the latent root-primordia.

Influence of Gravity.—The root is popularly supposed to
grow downward, in order to avoid the light. On the other hand,
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the theory has been established (as a result of Knight's experi-
ments) that the root grows downward by reason of the influence
of gravity. In addition it may be said that the principal functions
of the root, namely, those of absorbing inorganic food materials
and of fixing the plant to the soil, determine in a measure the
direction of its growth. The tendency of the root to grow down-
ward is a characteristic which distinguishes it from other parts
of the plant, and it is said to be posiTivELY GEOTROPIC (TFig. 163,
A4).

F1G6. 163. A, seedling of Brassica nigra in which root and stem have curved into a
vertical position after being laid horizontally. B, seedling of Sinapis alba, the hypocotyl
showing a positive, the root in water a negative heliotropic curvature. The arrows show
the direction of the incident rays of light.—After Pfeffer.

The influence which gravity has on plants may be best under-
stood by bearing in mind that gravity is a constant force which
acts perpendicularly to the surface of the earth, and that all parts
of the plant are subject to its influence. The organs of plants
respond in different ways to the action of gravity, but a clear
distinction should be made between mere mass attraction, or that
manifestation of the force of gravity whereby the heavily laden
branch of a fruit tree bends downward, and the stimulus which
causes the primary root of a plant to grow downward and the
shoot to grow upward. While all parts of the plant are subject
to the influence of gravity, not all the organs of plants respond
in an equal degree. This is well illustrated by roots themselves.
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It is well known that, whatever the position of the seed at the
time of germination, the young radicle begins to grow perpen-
dicularly downward (Fig. 163, 4). The branches, however, which -
arise on the primary root are less positively geotropic and, instead
" of growing downward parallel with the primary or tap root, di-
verge at an angle from it (Fig. 161). The secondary branches are
still less affected by gravity and diverge still more from the per-
pendicular, or grow out horizontally, while still others do not

Fi1G6. 164. Over-turned tree trunk showing spreading root-system, the main or
tap root having died away
appear to be in the least affected by gravity and grow freely in any
direction. In the case of large trees we frequently find that the
lateral roots spread out in a more or less horizontal plane near the
surface of the earth, and if the main root has died the influence of
gravity is not very evident (Fig. 164). But here it must be re-
membered that gravity was instrumental in determining the direc-
tion of growth at an earlier stage. This spreading of the roots
near the surface of the earth is of decided advantage to plants, for
it enables them to avail themselves of the better soil of the surface
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layers. As indicated, gravity also determines the upward perpen-
dicular direction of the shoot, which is therefore said to be
NEGATIVELY GEOTROPIC, but, as in the case of the root, the branches
are less influenced by it and hence diverge at various angles from
the main axis.

Some of the other effects of gravity may be noted. If the end
of a shoot be cut off, the branches next to the top will grow per-

F1G. 165. Mangrdve forest (Rhizophora Mangle), showing the habit of growth, es-
pecially the numerous aérial roots which form an almost impenetrable thicket. The man-
grove is common along the southern shores of Florida, in the Bahama Islands, and in the
West Indies. Many shellfish, lobsters, and other forms of sea life are often found clinging
or attached far up on the roots where they become lodged during high tides.—Photograph
from article by Henry Trimble on Mangrove Tannin in Contributions from the Botanical
Laboratory of the University of Pennsylvania, 1892, p. 50.

pendicularly upward and thus assume the work of the main axis.
Likewise in the case of roots, if the apex of the main or tap root
be cut off, the branches near the end will assume a perpendicular
direction. It will frequently be noticed in the case of trees which
have been uprooted or where branches have been bent over hori-
zontally that the new branches which arise grow perpendicularly
upward.. Creeping shoots furnish another good example showing
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FiG. 166. Tuberous root of Ginseng (Panax quinquefolium). The root on the left is a
fresh specimen and was grown in the United States. The one to the right was purchased at
a Chinese bazaar. It is translucent, of a yellowish-brown color, and has the characteristic
shape and markings considered desirable by the Chinese. The markings on the upper
segment of the specimen are stem scars which are usually found on old roots. The trans-
lucent appearance is no doubt due to the manner of treatment. While the method is not
generally known, similar specimens may be prepared by treating the recently gathered
roots with freshly slaked lime.

the influence of gravity, the branches growing upward and the
roots downward.
The root exerts a certain amount of upward pressure on the

liquids in the stem. This fact can be demonstrated by cutting off
20
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the stem just above the surface of the earth and attaching thereto
a glass tube by means of a tightly-fitting rubber tube. It is de-
sirable to perform this part of the operation under water and to
have the glass tube partly filled with water at the beginning of
the experiment. This is done to prevent the clogging up of the
vessels with air, which prevents the ready passage of fluids -
through them. If the root is now kept moist, the osmotic pressure
of its cells forces water up into the glass tube, sometimes to a
height of several feet. Experiments on the begonia and on many
other plants succeed very well, but for some reason the geranium
is impracticable to work with. The manometer devised by Ganong,
while not showing the quantity of water forced up by the root,
shows the amount of pressure exerted, which is really the most
important fact to be ascertained.

Modified Roots.—Roots which arise from the nodes of the
stem or other parts of the plant are known as secondary or adventi-
tious roots. These include the aérial roots of the banyan tree
and the Mangrove (Fig. 165), which are for the purpose of sup-
port; the roots of the ivy, which are both for support and climb-
ing, and the roots of Indian corn and many palms which serve both
for support and the absorption of nourishment. Under this head
may also be included the aérial roots of orchids and the root-like
structures, or haustoria, of parasites, as of mistletoe and dodder,
which penetrate the tissues of their host plants and whose vascular
strands come into most intimate relations with those of hosts.

Of special interest also are the breathing roots of certain
marsh-plants which serve to convey oxygen to the submerged
parts; and the assimilation roots of certain water-plants and
epiphytes, which are unique in that they produce chlorophyll.
In certain plants the roots give rise to adventitious shoots, as in
Prunus, Rubus, Ailanthus, etc., and in this way these plants some-
times form small groves.

Root Tubercles.—The roots of the plants belonging to the
Leguminose are characterized by the production of tubercles,
nodules or swellings (Fig. 167) which have been shown to have
a direct relation to the assimilation of nitrogen by the plants of
this family. Like carbon, nitrogen is one of the elements essential
to plant-life, being one of the constituents of protoplasm and
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present in various nitrogenous (protein) compounds which occur
as normal constituents of the plant. The nitrogen required by
plants is derived either from nitrogen salts contained in the soil,
as nitrates and ammonium salts, or from the free nitrogen of
the atmosphere. While most of the higher plants are able to
assimilate nitrogen compounds existing in the soil, only the
Leguminosa and Aristolochiacez, with possibly a few exceptions,
are able to assimilate atmospheric nitrogen, and in this respect the
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F1G. 167. Root tubercles on Lupinus, one of the Leguminose: A, roots with tuber'cles'.
B, transverse section of root showing the cells (b) which contain the nitrogen bacteria.—
A, after Taubert; B, after Frank.

major..y of the Leguminosz stand as a class by themselves.
Apparently in direct relation to this character stands the fact that
the seeds of these plants contain a high percentage of nitrogen.
This special ability of the Leguminosz to fix atmospheric nitrogen
in the plants depends upon the presence of the nodules, which are
due to the infection of the roots by a soil-bacterium (Pseudomonas
radicicola), although the precise mode of fixing the nitrogen is
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not known. The bacteria seem to be localized in the nodules and
are not found in any other part of the plant.

It has been shown that when the roots of leguminous plants
are free from nodules they do not have the power of assimilating
free nitrogen. On the other hand, when the nodules produced by
the bacteria are developed, the plants will grow in soil practically
free from nitrogen salts. Because of this power the plants of this
family are useful in restoring worn-out land, i.e., land in which

F1G. 168. Transverse section of a root bearing root hairs; the latter are thin walled,
irregularly bent, and attached at various places to small particles of soil. The hairs secrete
an acid, rendering the inorganic substances soluble, which are then diffused through the
walls of the hairs, transmitted to the cortical parenchyma and distributed through the
conducting-cells of the xylem to the shoot.—After Frank.

the supply of nitrogen is exhausted, and they thus play an impor-
tant réle in agricultural pursuits.

The enriching of the soil is accomplished by ploughing under
the leguminous crops, as of clover or alfalfa, or allowing the
nodule-producing roots to decay, when the nitrogen compounds
are distributed in the soil.

(Consult Bulletins on ““ Soil Inoculation for Legumes,” issued
by the Bureau of Plant Industry, U. S. Department of Agri-
culture.)
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THE INNER STRUCTURE OF THE ROOT.

Primary Structure.—If we make a transverse section of the
young portion of a root (Vascular Cryptogam, Gymnosperm, or
Phenogam), we notice the following tissues (Figs. 169-174).
The outermost tissue is EPIDERMIS (), it being generally thin-
walled and destitute of cuticle; it is, as a rule, hairy, and these
hairs, which are relatively long, but always unicellular, are known
as RooT-HAIRS (Figs. 161, 168); they ramify but very seldom.
Inside the epidermis there is frequently present a HYPODERMIS

o EY
F16. 169. Radial vascular bundle in root of Allium ascalonicum, showing a large
central trachea from which radiate five small groups of trachez and between which are the
groups of leptome or sieve; p, layer of pericambium or pericycle; d, transition cells or pas-
sage cells in the endodermal layer, and which permit the easy transfer of substances between
the cortical parenchyma and the trachez of the stele.—After Haberlandt.

(sometimes referred to as an EXODERMIS) composed of a single
layer of cells or, at the most, of but several layers, the cells of
which differ in shape and size from those of the epidermis and the
adjoining cortical parenchyma. The hypodermis takes the place of
the epidermis when the latter is worn off, except in the few cases
where hypodermal cork becomes developed, as in Cephalanthus,
Solidago, and in the Bignoniacee.

The root bark is composed of parenchymatous cells, being
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commonly referred to as the corTEX, and is either homogeneous
or divided into two zones, the outer or peripheral being composed
of thick-walled cells which naturally belong to the hypodermis
and an inner or internal strata made up of thin-walled cells. The
cells of the cortical parenchyma may contain starch, calcium
oxalate, calcium carbonate, and there may be associated with them
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F1G. 170. Cross-section of the primary rcot of a germinating plant of Phaseolus
multiflorus, showing development of secondary structures: p, group of primary vessels;
g, larger trachez of secondary development formed between the four primary strands of
xylem; b, the four groups of phloem alternating with the four initial groups of xylem and
beneath which secondary trachea are forming (g/); pc, pericambium (pericycle), a layer of
cells beneath the endodermis (s). A few layers of cortical parenchyma are shown outside
of the endodermis. Inthe middleis a well-developed pith (M) which sometimes is developed
in roots.—After Sachs.
secretory cells or receptacles. Immediately beneath the innermost
layer of cortical parenchyma is a distinct layer of cells usually
considered part of the cortex and known as the ENpDODERMTS. It
consists always of a single layer of cells, without any intercellular
spaces, and the radial walls show in transverse section Casparyan
spots,* depending upon a local folding of the cell-wall, which is

here suberized. In the course of time the cell-walls of the en-

* “ Physiologische Pﬂanzeﬁanatomie,” by Dr. G. Haberlandt, p. 245.
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dodermis frequently become thickened, either all around, or only
on the inner or radial walls, so that we might speak of an O-
endodermis as in Honduras sarsaparilla or an U-endodermis as
in Mexican sarsaparilla, according to the manner of thickening.

F16. 171. Cimicifuga. Transverse section of the central part of a mature root in
which the secondary changes are completed: a, parenchyma of primary cortex; b, endo-
dermis; ¢, cambium zone; d, trachez in secondary xylem; e, broad, wedge-shaped medullary
ray; f, outer portion of one of the primary xylem bundles; g, pericycle-parenchyma beneath
the endodermis; h, inter-fascicular cambium.—After Bastin.

This is especially the case in the monocotyledons where the walls
of the endodermal cells become completely suberized and im-
permeable to water. In some roots the cells of the endodermis
may be uniformly thick-walled throughout, while in others some
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of the cellsmay remain thin-walled, and these cells, the so-called
“transition cells” or ‘‘ passage cells,” form channels of com-
munication between the cortical parenchyma and the vessels of
the stele (Fig. 169) ; they are therefore located just outside the
peripheral vessels of each ray of the xylem (or hadrome).
Inside the endodermis is the STELE, formerly called the central-
cylinder. In this the peripheral stratum, sometimes composed of
two or three layers of cells, represents the PErRICAMBIUM (or
pErICYCLE). The cells are generally thin-walled, and in Dicotyle-
dons and Gymnosperms are able by cell-division to form cork and

about 40 mm. from the tip, showing the origin of a root-branch (RB); E, epidermis; C, pri-
mary cortex; X, hadrome (vessels); P, leptome (sieve); EN, endodermis.

secondary cortex, but in all vascular plants it is capable of giving
rise to ““ lateral branches ” or “lateral roots ” (Figs. 161, 172),
hence it is frequently referred to as the ** RHIZOGENOUS LAYER.”
Inside the pericambium (by some authors compared with the
pericycle of the stem) we find strands of phloem (or leptome)
(P) alternating radially with a corresponding number of strands
of xylem (or hadrome) (X). The number of these strands vary
in the different groups of plants (Figs. 160-174), being highest in
the monocotyledons where a pith is developed, as in sarsaparilla,
several grasses, palms, etc. This peculiar arrangement of the
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phloem and xylem, as separate strands alternating with each other
and not being located, as in stems, in the same radii, has given
rise to several adverse views. Some authors have considered
the root-stele as one single mestome-strand (or fibrovascular
strand), while others, especially of recent date, consider it to be
composed of several MESTOME STRANDS.

The xylem or hadrome contains trachez or vessels, the periph-
eral being spiral and narrower than the inner, which are scalari-
form or reticulate. The tissue in the center of the stele in mono-
cotyledons is not uncommonly made up of parenchyma cells, and

F1G. 173. Primary structure in the root. Transverse section ot root of pea (Pisum)
about 40 mm. from the root-cap: H, epidermal cells, some of which are developed into
root-hairs; C, primary cortex; EN, endodermis; PC, pericambium; X, hadrome, composed
of trachez; P, leptome, composed of sieve cells, the hadrome (vessels) and leptome (sieve)
forming a triarch radial fibrovascular bundle.

corresponds exactly with the pith of the stem. In roots it is often
called coNJUNCTIVE TISSUE, and the cells may contain starch and
crystals of calcium oxalate.

Secondary Structure.—In roots that are able to increase in
thickness (as in Gymmnosperms and Dicotyledons), the increase
depends upon the activity in the pericambium, some of the cells
becoming meristematic. These meristematic cells are known as
phellogen, developing cork outwardly and secondary cortex in-
wardly. The meristem of the stele or cambium also becomes very
active and develops on the inner face of the phloem and extends
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from there to the outside of the peripheral vessels of the xylem
(Fig. 174); thus a continuous cambial zone gradually arises.
From this zone secondary trachea or vessels become developed on
the inner face of the primary phloem, while secondary phloem
becomes differentiated -outside the primary rays of xylem; or
only parenchyma develops outside the primary xylem, resulting in

FI1G. 174. Section in the older part, higher up on the root of pea (Pisum), showing in
addition to what has been observed in Fig. 173, the beginning of the change from primary to
secondary structure: CA, the development of a cambium; SX, secondary hadrome (or
vessels), and SP, secondary leptome (or sieve).

the formation of secondary PARENCHYMA-RAYS (or medullary
rays). In other words, the original radial structure of the stele
changes to the collateral type (Fig. 175). Owing to this increase
within the stele, the peripheral tissues from the endodermis to the
epidermis naturally become broken and are subsequently thrown
off, but are replaced by the pericambial cork and secondary cor-
tex derived from the pericambium. The older roots, then, of
Gymnosperms and Dicotyledons thus resemble the structure of
stems, except that no pith exists in these roots, at least not usually.
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Some differences are, however, quite noticeable in some instances,
as in the thick roots of Beta, Radish, etc., where the wood paren-

F1G6. 175. Fully developed secondary structure in root. Transverse section of root
of pea (Pisum) at the end of the summer’s growth: E, some epidermal cells with fragments
of root-hairs; C, primary cortex; EN, endodermis; K, pericambial cork; B, bast fibers;
SC, secondary cortex; S, sieve; T, trachez; W, wood fibers; WP, wood parenchyma;
M, medullary rays; the trachez (or vessels) and leptome (or sieve) forming open collateral
fibrovascular bundles, these being found in dicotyledons with but few exceptions.

chyma is usually abundant, thin-walled, and not lignified, the
annual rings also being mostly indistinct.
The characteristic distinguishing the primary and secondary
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Fi1G. 176. Glycyrrhiza: A, transverse section; B, longitudina. section. B, bark;
H, wood; X, cambium zone; ph, cork cells; rp, cortex; p, parenchyma; k, crystal fibers;
s, sclerenchyma fibers, including wood fibers occurring in the wood and bast fibers present
in the bark; t, trachez; m, medullary rays.——After Meyer.
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structures of dicotyledonous roots may be summarized as follows:

PriMaRY STRUCTURE: Epidermis and root-hairs. Hypoder-
mis. Primary cortex consisting of parenchyma. Endodermis,
pericambium, xylem arranged in radial rays which alternate
with phloem or sieve strands, constituting a radial fibrovascular
bundle (Figs. 169-174).

‘SEcoNDARY STRUCTURE: Cork cells, phellogen, secondary cor-
tex consisting of parenchyma. Phloem, cambium, and xylem
arranged in radial groups, forming open collateral fibrovascular
bundles. Medullary rays separating the fibrovascular bundles
(Figs. 175-177).

Sometimes, as in glycyrrhiza and valerian, a number of paren-
chyma cells are found in the center of the root, these constituting
the prra (Fig. 176) or medulla; but they are usually wanting in
dicotyledonous roots.

Wood and bark are terms used to distinguish those portions
of the root or stem separated by the cambium; all that portion
inside of the cambium, including xylem, medullary rays, and
pith, being known as the woop., The BARK includes the hadrome,
the medullary rays outside of the cambium, and the tissues formed
by the phellogen, viz., secondary cortical tissue and cork.

The following diagram of the secondary structure of a dicoty-
ledonous root may be of assistance in understanding the origin
and relation of the tissues comprising it:

Pith, which may be wanting.

Composed of vessels, wood parenchy-
ma and wood fibers; or tracheids may
Xylem. ../ Teplace these cells, or be associated
2 with them. These are arranged in

Wood madeup of ........

groups forming radial rows which
are separated by medullary rays.

Cambium produces

Consisting of leptome and companion
cells; bast fibers may also be present.
Phloem..) These are arranged in collateral
groups and form radial rows which
are separated by medullary rays.

Bark madeup of.......... . . . X . .
Meristem of pericambium producing pericambial-

cork and parenchyma. Phellogen later forming
periderm in stems several years old, and bork
in the trunk of large shrubs and trees.
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F1G. 177. A, transverse section of Phytolacca root, showing the fibrovascular bundles
(V, V’, V) which are produced by distinct cambiums (C), The parenchyma contains little
starch, and some of the cells (R) show short raphides of calcium oxalate, many of thecrystals
being distributed in the section. 5

B. Transverse section of Belladonna root which is two or three years old. There is but
one cambium zone (C). Most of the parenchyma contains starch (St), the remaining cells
containing crygtocrystalline crystals of calcium oxalate. g Ay N

K. cork; S, sieve; W, wood fibers and T, trachez, both of which are strongly lignified in
Belladonna root: M. medullary rays.
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The root branches arise as the result of the development of
primary meristems in the pericambium (Figs. 161, 172). The
tissues forming the branches are directly connected with the
fibrovascular tissues of the root and protrude through the over-
lying tissues without having any connection with them. The
structure of the branches thus formed corresponds to the primary
structure of the roots, and in the case of dicotyledonous roots
may also subsequently develop a secondary structure. Goebel
states that in plants which grow in moist soil, or whose roots func-
tion only for a short time, the branches may be altogether sup-
pressed, as in Colchicum, Arisema, etc.

Contraction of roots is observed in both monocotyledons
and dicotyledons, it being most apparent in the former, as in the
roots of Veratrum viride (Fig. 178). The uneven or corkscrew-
like appearance is due to a contraction, which arises as follows:
Some of the longitudinally elongated cells beneath the epidermis,
as well as cells extending to and including the endodermis, absorb
large quantities of water, which causes them to assume a spherical
form (as the cells of a potato are altered on boiling), the result
being a longitudinal contraction of the root at this point. In this
way the plant is fastened more securely to the earth, and at the
end of the season’s growth the apical buds of plants, with upright
rhizomes, as of Veratrum viride, Dracontium, etc., are drawn
into the earth and thus protected during the winter season.

Abnormal Structure of Roots.—It is often difficult to recog-
nize the type-structure of dicotyledonous roots in drugs, owing
to the anomalous and abnormal secondary structure. Scleren-
chymatous fibers, while present in glycyrrhiza (Fig. 176) and
althzea, are not infrequently wanting. Wood fibers may be spar-
ingly developed, as in young belladonna roots (Fig. 177), or even
wanting, as in gentian. In other cases the medullary rays are
abnormal, being replaced in calumba by wood parenchyma, and
in ipecac and taraxacum by sclerenchymatous cells. In asclepias
and calumba a layer of stone cells occurs near the periphery; in
gelsemium sieve cells develop in the xylem; in senega the xylem is
not uniformly developed, and in still other cases, as in jalap,
pareira, and phytolacca (Fig. 177, A), successive cambiums de-
velop, producing concentric series of open collateral fibrovascular
bundles.
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II. THE OUTER MORPHOLOGY OF THE STEM.

The stem, or ascending axis of the plant, usually grows in a
direction opposite to that of the root, seeking the light and air.
The tendency of the stem to grow upward is characteristic of
the majority of plants, and is spoken of as NEGATIVE GEOTROPISM.
The growing point of the stem is at the apex, and it is protected
by a layer of bud scales (Fig. 179, B).
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Fi6. 178. Longitudinal section through a root of Veratrum viride showing the nature
of the contraction of the root: E, epidermis; CS, cells of cortex containing starch; CO,
cells of cortex containing raphides; F. fibrovascular bundle; A, rifts or cavities formed as
a result of the radial swelling of the cells of the cortex.

Stems are further characterized by bearing leaves, or modi-
fications of them. The leaves occur at regular intervals in the
same species, and that portion of the stem from which they arise
is spoken of as a NODE, while the intervening portion is called an
internode.

Stem branches usually arise in the axils of the leaves, first
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appearing as little protuberances, sometimes spoken of as pri-
mordia, on the stem. Their origin differs from that of the root
branches, in that they arise from meristematic or embryonic tissue
developed just beneath the epidermis. The branches, like the
main axis, manifest negative geotropism, although to a lesser
degree. They likewise possess a growing point at the apex,
covered with embryonic leaves (Fig. 179). Not infrequently
more than one branch arises in the leaf axil.

Buds may be defined as undeveloped shoots in which the
foliage is yet rudimentary. The buds at the ends of stems or

F16. 179. A, longitudinal section through the apical region of the stem of the embryo
of a bean (Phaseolus multiflorus); ss, apex; pb, parts of the two first leaves, and their
axillary buds (k, k,); r, periblem or primary cortex. B, diagram of longitudinal section
through winter bud of Quercus coccinea: P, growing point; L, young leaves; SB, stem
branches; F, fibrovascular bundle.—A, after Sachs.
branches are known as APICAL, or TERMINAL BUDS, and those situ-
ated in the axils of the leaves, as AXILLARY BUDS. In some cases
they are protected by scales, as in hickory, when they are known as
scaly buds; while buds which are not thus protected are called
naked buds. They are further distinguished as leaf, flower, and
mixed buds, as they develop into leaves or flowers, or both.

We have to distinguish between overground shoots and under-
ground shoots. The former are sometimes designated as epi-
geous (upon the earth) and the latter as hypogeous (under the
earth).

21
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Epigeous Shoots.—As would be supposed, these two kinds
of shoots vary to a certain extent. In epigeous shoots a number
of features may be noted. If the internodes are long the leaves
do not usually interfere with one another so far as exposure to
light is concerned, but if the internodes are short, the leaves are
all brought close together on the axis, and hence, were it not for

FiG. 180. A, woody vine of Canada moonseed (Menispermum canadense), which ascends
by twining to the right.
B, stem of wild yamroot (Dioscorea villosa), which ascends by twining to the left.
and several of the characteristic 3-winged capsules at the top.

The twining movements of stem climbers are due to the stimulus of gravity rather
than to contact stimulus, and in the majority of twining plants the revolving movements,
as seen from the side, are from the left to the right, ¢.e., in a direction opposite to that of
the hands of a watch if represented diagrammatically.

various modifications, their relation to light would be very un-
equal. Sometimes the shoot-axis may share with the leaves the
work of assimilation, as in the case of certain green stems. Then
again there are cases in which the leaves are reduced, and the
work of assimilation is carried on exclusively by the shoot-axis,
as in most Cactacex, certain marsh-plants, and others. On the
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A number of plants ascend into the air on other plants, or
other objects which serve as supports, either by attaching them-
selves to them or by twining around them, when they are dis-
tinguished as twiners and climbers. TwiINERs ascend by a special
circumnutating movement of the stem, as in the morning glory,
Menispermum (Fig. 180), etc. CrLIMBERS, however, ascend by
means of special structures, as the aérial roots of the ivy (root
climbers) ; or they may climb by means of leaves, as in Clematis
(leaf climbers) ; still others climb by means of tendrils, as in the
grape and Bryonia (tendril climbers) (Fig. 181); and again
plants may climb by means of hooked hairs or spines, as in Rubus,

J/ J
F1G. 182. Rhizome of Podophyllum representing three years’ growth: b}, the terminal
bud of last year; b? the corresponding one of the present year; B, the terminal one of the
entire rhizome will develop in the spring of next year. L! and L2indicate the scars of aerial
leaves of the two preceding years’ growth; b! and 82, latent buds.—After Holm.
Rosa, etc. The tendrils, which are thread-like modifications of the
stem, are in some cases provided with disk-like atachments for
holding the plant in position, as in the Virginia creeper. Twiners
and climbers are sometimes spoken of as LIANES (lianas), particu-
larly those of tropical regions, where they form a prominent
feature of the forest vegetation. The lianes usually have rope-
like, woody stems, the formation of leaves being either suppressed
or retarded, and they often run for long distances over the ground
and climb to the tops of the tallest trees. They are also frequently
characterized by an anomalous stem-structure, the trachee being
very large. :
Stems vary, furthermore, in size and form. While most stems
are more or less cylindrical or terete, other forms also occur, as
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the flattened stems in the Cactacea ; triangular in the Cyperacee,
and quadrangular in the Labiatae and Scrophulariacez.
Hypogeous Shoots.—While most stems attain a more or less
erect position, as in trees and shrubs, there are others which bend
over to one side, or lie prostrate on the ground, and in some cases

Fic. 183. Polygonatum multiflorum, a plant growing in the Northern Hemispheres and
Japan and producing a rhizome resembling our Solomon's Seal (Polygonatum biflorum).
A, rhizome placed artificially higher in the soil than the normal depth; its continuation
shoot has grown downwards. B, rhizome placed deeper than the normal depth; its con-
tinuation shoot has grown upwards. The dotted lines at n indicate the amount of annual
growth in the rhizomes A and B. C, a seedling rhizome. At the right is the seed, which
encloses the haustorial end of the cotyledon; H, primary root; n, lateral roots arising within
the axis of the shoot; a, posterior side of cotylar sheath; v, anterior side of the same; b, ¢,
katophyls (or leaves on hypogeous shoots) on the axis of the seedling.—A and B, after
Rimbach; C, after Irmisch. (From Goebel’s ‘‘ Organography of Plants.””)

produce roots from the nodes, as in Mentha spicata (Fig. 184).
These latter are known as STOLONS or runners.

Furthermore, the stems of a number of plants grow under-
ground, and these are known as RHIZOMES or ROOT-STOCKS (Figs.
182-190) ; from the upper portion of the nodes overground
branches arise which bear leaves (so that the work of assimilation
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may be carried on) as well as flowers, and from the lower surface,
roots (Fig. 182).

While most rhizomes are perceptibly thickened, and more or
less fleshy when fresh, as Sanguinaria, in other instances they are
of the ordinary thickness of the overground stem.

L
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FIG. 184. Plant of spearmint (Mentha spicata) showing procumbent stems or leafy
runners from which roots are developed at the nodes, and one erect branch at the left from
which a new plant will be developed.

There are some rhizomes that are excessively thickened, as
in the common white potato (Fig. 185), and these are called

TUBERS. The so-called “eyes” are small buds covered with
small, scale-like leaves which develop into shoots. Tubers should



MORPHOLOGY OF HIGHER PLANTS. 327

not be confounded with tuberous roots, as those of the sweet
potato and jalap, for these latter have the morphological char-
acters of roots (compare Figs. 185 and 186).

Instead of the node, or internode, or both, becoming exces-
sively thickened, they may be reduced in size and crowded upon

F1G. 185. A potato plant grown from seed and showing the branches upon which the
potato tubers are formed. r, primary root; ct, cotyledons; ¢, hypocotyl; f, foliage leaves;
f’, a primary branch the summit of which has developed foliage leaves; e’c, scales on upper
portion of primary branch; e’c’, scales representing the eyes of the potato tubers formed
from the swollen branches; br, buds formed in the axils of the scales on the tubers; r’, sec-
ondary roots formed on the stem branches.—After Duchartre.

each other, the leaves at the same time becoming thickened and
filled with nutriment. Such a modified stem and leaves, as in the
onion and tulip, is called a suLp (Fig. 188). Bulbs are sometimes
produced in the axils of the leaves of overground stems, as in some
lilies, and are then called bul<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>