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Preface to the Sixth Edition

Since the last edition of "Pharmaceutical Botany" was

published, knowledge in plant science has advanced rapidly

and a new edition of the United States Pharmacopoeia and of

the National Formulary have appeared. For these reasons

another revision has been called for.

In preparing this revision the writer has endeavored to keep

in mind the requirements of varied courses in botany given to

students of pharmacy in departments ol botany of both the

university schools and the independent pharmaceutical institu-

tions. In both types of schools botany should be taught with

cultural and professional objectives, and the pharmacy students

provided with the proper pharmaceutical slant which need not

detract from adequate treatment of the purely academic phases

of the subject.

A revision has, accordingly, been prepared which presents a

broad general treatment of botany with particular stress upon

those phases of this science such as histology, cell contents, tax-

onomy, and medicinal plants which are believed to be most

helpful in preparing students to cope with botanical problems

in pharmacognosy and in the practice of pharmacy.

In the course of this revision the writer has not only made

changes in the text so as to bring the subject matter up to date

but has reorganized some of the chapters, provided some better

illustrations and added 121 new figures.

The old chapter on Cytology has been deleted and in its

place new chapters have been substituted on "The Living Cell"

and on "Non-protoplasmic Cell Contents." Important ad-

ditions have been made to the subject of the cell and its contents

including an amplification of the subject matter on mitosis and
• •

Vll



Vlll PREFACE TO THE SIXTH EDITION

new material on plasmodesma, waxes, plant hormones and

vitamins

A new chapter has been added on "Genetics and Evolution"

some

The chapters on "The Microscope" and on "Histol

from

main

now appear as Appendix I and Appendix II respectively. New

materi

modern methods of fixation, staining, imbeddin

mounting plant materials for microscopic examination

The chapter on "Plant Tissues
3? thened

improved by the introduction of much new material on the

structure and physiology of meristems, endodermis, tracheary

tissue, laticiferous tissue, xylem, phloem, the stele, bundles,

leaf and branch traces, gaps and nectaries.

The histological and physiological portions of the various

mented

ve material,

somewhat enlarge

» Works. A com

making

easily found.

Many new drawings, photographs omicro

have been added in this revision which should prove helpful to

the student. A considerable number of these are original;

many have been borrowed.

The writer desires to express his gratitude to the various

publishers and authors from whom permission to use a number

of the cuts used in this edition was cheerfully granted. Acknowl-

edgment for these is given under the respective cuts in the

text. He is particularly indebted to Dr. A. F. Sievers and the

Bureau of Plant Industry for the loan of a number of prints on

medicinal plants from which cuts were prepared, to Instructor

Richard W. St. Clair of the Massachusetts College of Pharmacy

for valued assistance in photographing many of the original

figures, to Dr. F. J. Bacon of the Biology Department of Western

u pcpn;p TTniVprsitv whn furnished nhotoeraohs on Zamia plants.
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Ami to Aait Professor H. L R* I of the Massachusetts College

•i Pharmacy wh contribute 1 the prints from which Figs. 138,

139 and 140 wen prepared.

Finally, the author wishes to e pr< s his appreciation to

P. Blakiston's Son & ('<>. Inc. for doing its utmost in producing an

attractive ^d well bound book.

HEBER W. YOLNGKi N.

Boston, M
Junr, 1938.



Preface to the Fifth Edition

Since the fourth edition of this volume was issued, there have

been notable advances in the development of pharmaceutical

botany. A new United States Pharmacopoeia and a new

National Formulary have appeared. The Commonwealth

Fund Educational Research Committee has rendered its report

on the study of Pharmacy from the functional standpoint and

in it the findings of its botanical studies.

These events alone made some additions and alterations of

the text necessary. But the writer has gone further. A large

am
improvin

matter

More than a hundred pages of new matter

I twenty-four new figures comprising origi

from

some

by better ones.

Commonwealth

Research Comm
:t is not limited tc

although

Sufficient new information has been added to make

a distinct improvement over the former editions, and th

make it better for use in professional pharmaceutical

medical

academic
pharmacy

made

form

increase of sixteen over the previous edition.

number

new sequence will be found convenient for teachers in assigning

work alike for study and collateral reading.

It is hoped that the new edition will also be of value to

research students in various fields of botany, since it furnishes in

the classified list of reference works a summary of a large

amount H. W
XI



Preface to the Fourth Edition

em
The value of a thorough systematic training in Botany with

)hasis upon the structural and taxonomic aspects of this

science is now generally recognized as a prerequisite to the

proper comprehension of problems in pharmacognosy and

materia medica. But apart from the direct relation of such

training to these and other applied fields, Botany per se stands

out preeminently as a cultural subject and, when presented

with laboratory work, is of great value in developing, in students,

the power of observation.

In preparing the new edition of this text-book, the author has

primarily kept in mind the needs of the pharmaceutical student

but he has not been unmindful of its use by students of academic

colleges and accordingly has increased the scope of the work.

Fifty-three new pages of subject matter and 25 illustrations

have been added. Chapter I on "Fundamental Considera-

gmented

VII
micro-chemical reagents used in food and druj

with formulae for their preparation. Chapter

Organs and Organisms" has been lengthened by 23 pages of

new subject matter. Among the outstanding features of its

revision may be mentioned the introduction of considerable

more plant physiology as well as new drawings and photographs,

most of which are original.

There has been an amplification of the subject matter of

roots, rhizomes, leaves, seeds and seedlings including data on

soil and water relation, diffusion, osmosis, osmosis applied to

root hairs, turgor, plasmolysis, essential and non-essential

elements absorbed by root hairs, transpiration and the histology

of a type of Monocotyl rhizome. New plates illustrating the

gross structure of Monocotyl and Dicotyl seeds and of seedlings

^r^ JntroHnrprl for the first time. Chapter IX on Ecology has

Xlll



XIV PREFACE TO THE FOURTH EDITION

been lengthened by 20 pages and several illustrations on Carniv-

orous plants.

Every part of the work has been carefully revised and brought

up to date. As in former editions, the index has been so planned

as to make the information contained in this book readily

accessible.

To the authors from whom cuts were borrowed, the writer's

thanks are due. H. W. Y.



Preface to the Third Edition

The author has first endeavored to present in a clear, syste-

matic way those fundamental principles of structural and

taxonomic botany which serve as a key to the approach of

pharmacognic problems. But he has not been unmindful that

the use of the work has extended to academic institutions and,

so, in this edition, has broadened the scope of the former text.

To this end about ninety additional pages of subject matter

have been introduced. Several old cuts have been removed.

Forty-three new ones have been inserted. Hypothetical dis-

cussions have been avoided which saves time for the reader.

ement and plan of the chapters are similar

former

methods of approach. Chapter I on "Fundamental Considera-

tions" has been augmented by treatises on Botanical Nomen-
clature, Paraffine and Celloidin Imbedding, Sectioning, Staining

and Mounting, Microtomes and other information dealing with

the preparation of materials for microscopic examination.

Ten pages have been added to Chapter V on Cytology.

Under "Protoplasm and its Properties," six pages have been

written on the subject of Irritability and Irritable Reactions.

Under "Non-Protoplasmic Cell Contents" several additional

commercial starches are discussed and two original plates on

starch grains added. ma, Stone

Cells, Sclerenchyma Fibers, Trichomes and Fibrovascular

Bundles have been inserted in Chapter VI.

Nine additional pages of subject matter and illustrations have

been added to Chapter VII. Original figures of all of the

important types of fruits appear here for the first time.

Chapter VIII on "Taxonomy" has been increased by seven

former

IX on "Ecology

also a Glossary of Botanical Terms. The index has been so

planned as to make the information contained in this book

readily accessible.

from

writer's thanks are due. H. W. Y.
XV
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PHARMACEUTICAL BOTANY

Chapter I

THE SCOPE AND IMPORTANCE OF

Botany is the science which treats of plants. Plants are liv-

ing things or organisms belonging to one of the two great king-

doms of living things, called the Vegetable or Plant Kingdom.
The other kingdom of living creatures is that made up of animals

and called the Animal Kingdom. The science which treats of

animals is called Zoology. Botany and Zoology collectively

constitute the branch of natural science called Biology, the

science which seeks to inquire into all living things.

The term botany is derived from the Greek word fiordvr]

meaning pasture, grass, or fodder. Man's first inquiry into

plants was undoubtedly prompted by his instinct to seek food

and doubtless began with his first appearance on the earth.

History records the first pursuit of botany as a science by the

ancient Chaldeans, Egyptians and Greeks who cultivated it

particularly in relation to sources of food supply.

Later man found that some plants possessed medicinal

properties and interest was next focused in the direction of plants

as sources of medicines. The earliest pioneers in pharmaceutical

botany were the medicine men of primitive peoples including the

Indians of America who were acquainted with the virtues of

many medicinal plants before the coming of the white settlers.

They were followed in Europe by the rhizotomoi or root collectors

who gathered medicinal herbs and prepared them for the

pharmacopolai or drug venders. Probably the greatest of the

early European pioneers in this field was Theophrastus, a Greek

philosopher and pupil of Aristotle, who lived between 372 and

285 B.C. He wrote ten books on the History of Plants in which

about 500 species of plants used in the treatment of various
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diseases are described. Dioscorides, a Greek physician, about

77 A.D. wrote a Materia Medica which included a large number

of descriptions of medicinal plants and all the medicinal sub-

stances then known together with their properties. The early

Romans also contributed to the development of Pharmaceutical

Botany. Outstanding among these were Pliny the Elder

(23-79 A.D.), who in his Historia Naturalis crudely described

about 1000 plants, many of which possessed medicinal properties,

and Galen (131-200 A.D.), a Graeco-Roman, who wrote a

Materia Medica.

Attention was next concentrated upon the classification

of plants, and gradually investigations followed on their structure,

functions, habits, relationships, diseases, etc., until to-day the scope

embr
many

departments

Departments of Botanical Inquiry

1. Plant Morphology treats of the parts, or structure of

plants. It is divided into:

(a) Macromorphology or Gross Anatomy which deals

with the external characters of plants and of their parts or organs;

(b) Micromorphology or Histology which considers the minute

or microscopical structure of plants and plant tissues and (c)

Cytology which treats of plant cells and their contents.

2

.

Plant Embryology treats of the stages of growth, differen-

tiation and development of the individual plant body.

3. Plant Physiology deals with the study of the life processes

or functions of plants. It explains how the various parts of

plants perform their work of nutrition, growth, reproduction,

and the preparation of food for the support of animal life from

substances not adapted to that use.

4. Taxonomy of Plants or Systematic Botany considers

the classification or arrangement of plants in groups in accord-

ance with their relationships to one another. It also is concerned

with the identification, the accurate description and the naming

of plants. All of the plants found growing in a certain region

constitute the Flora of that region.
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5. Plant Ecology treats of plants and their parts in relation

to their environment, i.e. to soil, moisture supply, temperature,

light and other plants and animals.

6. Plant Genetics deals with the coming into being of new

individuals or races of plants. It seeks to account for the resem-

blances and differences shown by plants related by descent.

7. Plant Pathology or Phytopathology treats of diseases

of plants.

8. Plant Geography or Phytogeography treats of the

distribution of plants upon the earth. The center of distribu-

tion for each species of plant is the habitat or the original source

from When
plants grow in their native countries they are said to be indigenous

to those regions. When they grow in a locality other than their

original home they are said to be naturalized. .

9. Geological Botany or Phytopal^ontology treats of

plants of former ages of the earth's history traceable in their

fossil remains.

10. Cryptogamig Botany is the botany of the flowerless

plants or cryptogams such as the pond scums, fungi, mosses,

ferns and their allies.

1 1

.

Phanerogamic Botany is the botany of seed plants.

12. Algology is the botany of algae.

13. Mycology
14. Bryology
15. Economic c

mosses

from

a practical standpoint, showing the special adaptation of the

dom comprises

a number of subdivisions, viz.: Pharmaceutical Botany, or

the botany of drug, spice, dye and poisonous plants; Bacteri-

ology, which treats of microorganisms called bacteria; Phar-

macognosy which treats of the history, commerce, selection,

identification, valuation and preservation of crude drugs and

other raw materials of plant and animal origin; Agricultural

Botany or Agronomy, which treats of crop plants; Horti-

culture, which treats of the cultivation of garden and orchard

management

timber
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of selection to the growing of improved races of plants. All of

these subdivisions interlock closely with departments of pure

botanical inquiry and no training in either of them can be con-

sidered sound without the assimilation of the broad underlying

principles of morphology, taxonomy and physiology.

Pharmaceutical Botany should include a sound foundation

in the morphology, taxonomy and elementary physiology of

plants before taking up its applied aspects, in order to adequately

prepare the student for the more advanced studies of Phar.

macognosy, Industrial Microscopy and Drug Plant Cultivation-

The Importance of Botany to Man

It is an established fact that without plants there could be no
human or lower animal life, for green plants supply the food for

all living animals and maintain the oxygen content of the

atmosphere. They supply man with timber to build homes,

ships and furniture, with hairs and fibers with which to manu-
facture clothing, papers and books, with fuel to heat our build-

ings, with dyes to color our garments and ornaments and
preparations, with oils and resins to manufacture our soaps,

paints and varnishes, with drugs to treat our ills, with raw
materials for our explosives, with spices and flavorings to season

our food, and with vitamins without which we could not main-
tain our health, with perfumes, waxes, etc. in fact, for our

very existence, comfort and protection we are dependent upon
plant life.

Again, many of the fundamental principles of biology and
genetics have been first established through observations and
experiments with plants.

We look to the plants for a large number of our drugs and to

the patterns obtained by the examination of many of their

constituents for the chemical synthesis of a large number of

important organic chemicals, medicines and dyes. Coal,

representing the fossil remains of plants which lived millions of

years ago, furnishes the chemist with the raw material from which
he has built up hundreds of organic chemicals which are daily

used in pharmacy, medicine and the industries.
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Without some of the microscopic forms of plants, especially

the bacteria, yeasts and molds which represent agencies of decay

and fermentation, the earth would be literally covered with the

remains of the dead bodies of animals and plants accumulated

through the ages. While a number of these produce disease,

most are believed to be harmless many

nomic importance to pharmacy, agriculture, and to

alcohol and tanning industries.

many of Nature

Nature develops one's powers of

forms

of many problems in pharmacy, chemistry

try, and the biological sciences-



Chapter II

THE GENERAL CHARACTERISTICS OF PLANTS

If we look about in nature we are confronted at once with
many kinds of living objects called plants, but the more familiar

ones to the beginner in Botany are the higher green plants such
as the common herbs, shrubs and trees of field, meadow or
woodland. Organism

m

are

which is capable of carrying out all of the life processes which are
essential to its existence and to the perpetuation of its species or
kind. Each is composed of Organs whose life processes

separate but mutually dependent and essential to the healthful

maintenance of the individual, and the continuation of its kind.

These organs are the Roots, Stems, Leaves, Flowers,
Fruits and Seeds. The roots, stems and leaves are so con-
structed as to carry out the Vegetative Processes, i.e., the
activities which have to do with the maintenance and protection
of the individual, whereas the flowers, fruits and seeds are
structurally adapted to the carrying out of the Reproductive
Processes or the activities which have to do with the continuance
of the species of the plant of which the individual is a
representative.

Parts of the Plant Body.—The parts of the body of a higher
green plant are the Axis and Appendages. The axis consists of
an usually aerial portion or Stem and an underground portion or
Root. The appendages include the Leaves, Branches, Emer-

Hairs
Root

absorbs water with nutrient salts in solution and stores food to
tide the plant over the season when growth activity is suspended.
It represents the descending axis. The Stem grows upward
and so represents the ascending axis of the plant. Its special
processes are those of bearing and supporting leaves, branches

6
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Terminal Bud

, Leaf Rudiment

t Growing Point

""---Young Leaf

Branch Stem

Cortex and..—JL
Pericycle

Conducting Tissue

^.--Flower

^Peduncle Epidermis

Mesophyfl / Vem
x

Stoma
Intercellular

^ Blade

"C
^- Petiole

'Axillary Bud

Cotyledonary Bud

** Cotyledons

Branch Root

Root Hair

l - • Growing Point

Root Cap

Fig. 1 .—Diagram of the body of a seed plant, showing its principal parts. (From

Bobbins, after Holman and Robbins.)
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flowers and fruits, conducting sap containing nutrient materials

from roots to leaves and other aerial organs and vice versa.

Many stems also store food and green parts of stems manufacture

Leaves,food . The Green

are

representing outgrowths of the

stem, are spread out to the sun's

rays for carrying out the process

of manufacturing complex food

from simple inorganic materials

absorbed from the soil and the

air. This process is called photo-

synthesis. The Flowers
equipped with sexual organs

called Stamens (male organs)

and Pistils (female organs) and

are so constructed as to bring

about fertilization. The Fruits

which follow the flowers function

to form and disseminate the

seeds. The Seeds serve to carry

a young plant or Embryo which

has separated from its parent in

its dormant stage to the soil and
so function to spread the plant.

2.—Flower and fruit of Flax. In addition to the life processes

A, floral diagram

—

c, calyx; co, corolla; noted, all of these plant Organs
s, stamens; p, pistil. B, median length- Q Qut act ivities necessary for

Fig.

wise section of flower. C, flower with

calyx and corolla removed showing the
their own maintenance such

essential organs, stamens and pistil, as TRANSPORTATION OF FOOD
D, fruit, external view. E, cross sec- MATERIALS, GROWTH (increase
tion of fruit. (Robins.) ^ size)

?
Respiratiqn (the break.

ing down of carbohydrates accompanied by the taking in of

oxygen and giving off of carbon dioxide), and Assimilation (the

changing of food materials into living matter)

.

Just as the plant organism is made up of organs which are

visible to the unaided eye, so each of these organs is made up of

parts called Tissues, but the tissues are visible only with the aid

of a simple or compound" microscope.
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stem

protective tissue or Epidermis, the soft region beneath the epi-

dermis and in the pith of the stem
s

mr

Fig. 3. Cross section of a representative portion of the stem of a clover (7W-

folium) illustrating the tissues and tissue regions found in a stem of an herbaceous

dicotyledon. X 80. ep., epidermis or outer protective tissue; s, stoma, ss, sub-

sternal air-space, co, primary cortex containing parenchyma, /, sclerenchyma

fibers, ph, phloem containing sieve tissue, ea, cambium, and x
y
xylem of an open

collateral fibrovascular bundle; mr, medullary ray composed of parenchymatous

cells, m, medulla or pith composed of large parenchyma cells and small angular

air-spaces. Note the xylem contains long conducting tubes, here shown in cross

section as large open circular areas arranged radiately, which conduct water

upward through the plant axis.

portion which gives support to the stem or Sclerenchyma (stony

tissue), the water tubes which conduct crude sap upward or

oem

laborated
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Other plant organs are fferentiated into secondary

side to perform some definite

kind work in the economy of the organs The healthful

mance of the functions of an organ depends upon the har

monious relation existing between the tissues of it is

compos

Chondriosomes

Cell Wall---

Cyloplasm

Nuclear
Membrane

Nucleolus-*

"

- »V^itf-.-—Plastids

Vacuole

Linin

-Chromatin

*Chondriosomes

B
Fig. 4.

{Pisum sativum). A
vacuoles. {Mottier

and
before B, older cell with

xamined microsco

?
from

composed of numerous units of similar form which are in intimate

relation one with another. These appear like small compart-

ments or chambers

been termed Cell

contents.

While these ce

every

examined, every living cell contains a viscid, often gran

ular, reticular or ar mobile, or jelly-like substance in

which life resides. This is called Protoplasm or living matter.

It is this living substance which constructs the celis or funda-
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mental units of which the plant body is formed, and carries out

all of the life processes of the plant.

The herbs, shrubs and trees discussed in the preceding

paragraphs represent but few of the vast array of forms which

t&
v*.^

r

aj:s -

7*

V * *

-

ScL

* r

f

•. t K

* *

* * -
* *

&

• %

* w

m^Jkmt

- * *#

-<̂
1

»

* w ' ^

** > * *

Fig 5.—Two Blue-green Alg*. A 5, C, D, E, Glceocapsa; F, Oscillatoria showing

a dead cell (d) which marks a place of separation into segments. {A), Gloeocapsa,

parent cell composed of central protoplast containing scattered chromatin granules,

shown

elongated, the protoplast in process of division to form two daughter protoplasts;

(C) daughter protoplasts, each surrounded by two gelatinous envelopes and both

within the original parent envelopes; (Z>) the daughter protoplasts shown in C

granddau

formin

make up the Plant Kingdom. Many additional kinds

form, habitat and me

the chapters to follow, but in order that the student may

s.nnmarh the studv of these with better understanding, it seems
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make some general introductorv com
ment

Groups of Plants.—There are four great divisions in the

Plant K the thallophy bryophyta, pteridophyt and

spermatophyta. Each of these divisions is further divided into

mad
families, genera and sp The species

Fig. 6. —A mold, Mucor mucedo, showing the branched filaments or hyphae
which collectively constitute the mycelium of this fungus and the erect spore bearing
hyphae or sporangiophores. (Palladin.)

The lowest of these in scale of organization and the most
ancient is the Thallophyta or Thallophytes [Gk. thallos, a

young branch; phyton, plant] . They have been so named because
J

their bodies, each of which is called a thallus, show no differentia-

tion into roots, stems and leaves. To this division belong two
large groups commonly known as the Algae and Fungi. The
Algae possess chlorophyll, a complex mixture of green and yellow
pigments, while the Fungi are chlorophyllless. The Algae
include the green and blue-green scums which occur in stagnant
pools, ditches and in running streams, the diatoms and the green,

brown and red seaweeds. The Fungi include the bacteria or
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minute germs of decay and disease, the slime molds, the

molds which occur on bread, cheese, fleshy drugs, some

maceuticai preparations, etc., the water molds, some of

mildews, the mushrooms

many forms

smuts etc. There is

another subdivision of Thallophytes

comprises

leathery-like growths which occur on

the bark of trees, on rocks and the

soil of woodland. They are peculiar

plants in that each represents a living

together of an alga and a fungus.

Next

com
come
[Gk.bryon, moss; phj This

division includes the liverworts or

Hepatic^ and the mosses or Musci.

The liverworts are small, leaf-like

moist

and in water. Some them
forms Fig. 7.—A liverwort (Lunu-

laria). Below, portions of the

which were the first plants to take up
thalloid body , showing the lunar-

a land existence. The mosses

elude forms of swampy
mosses

shaped cupules, with brood-buds,

or gemmae. Above a single

gemma, greatly magnified

(Gager.)

mosses

common mosses

carpet portions of our forests and rocks. (See Figs. 315 and 318.)

Pteridophyta

pteris, fern; phyt

Horsetails

Rushes and the Ferns. While most

assume

forms are aquatic in habit and some oi tne

tree-like forms. (See Figs. 325, 329 and

330.)

The Thallophytes, Bryophytes and Pteridophytes are col-

ivelv termed the Cryptogams [Gk. cryptos, hidden; games,
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marriage or union], since it was formerly believed that the sexual
organs of these plants were obscure. They reproduce by spores,

and, for the greater number, also bv sexual renrnHnrtinn

Fig. 8—A.gymnosperm, garnia. Note the large cone which when mature bears
naked seeds.

most highly

plants or Spermatophyta [Gk. sp

which the more famil
phyton, plant] of

herbs, bushes, vines and trees are
exam ma
gams [Gk. planeros, evident; gamos, union], because it was formerly
believed that they alone showed evident sexual organs. They
are characterized by possessing flowers and producing seeds.
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The Spermatophytes include two sub-divisions, namely

the Gymnosperms and the Angiosperms. The Gymnosperms

[Gk. gymnoS) naked; sperma, seed] have their seeds uncovered.

They include such plants as the pines, spruces, firs, hemlocks,

Fig. 9.—A dicotyledon. The English Oak (Quercus pedunculata)
.

A, twig with

flowers. C, two stamens. D, pistillate flower,
leaves and flowers. staminate

enlarged. E, fruit, acorns. F, cup (cupula) with nut removed. G, seed in cross

section. H, seed in longitudinal section. The perianth of the staminate flower

consists of 5-7 segments; stamens 6-12. (After Wossidlo.)

redwoods, larches, yews, junipers, cedars, arbor vitae, the cycads,

gneturns

v
seeds enclosed within the seed vessel or fruit wall. They include

two sub-groups or classes, namely, the Monocotyledons and
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^the Dicotyledons. The Monocotyledons [Gk. moms, alone;
kotyledon, a cup-shaped hollow] are represented by the cat-tails,

grasses, sedges, lilies, palms, bananas, gingers, orchids, etc.

m
leaves and the parts of theirflowers are in threes.

The Dicotyledons [Gk. di, t

low] are represented by such forms as the willows, poplars,
maples, oaks, chestnuts, geraniums, violets, cherries, roses, beans,
asters, etc. They have two seed-leaves or cotyledons, netted
veined leaves, and the parts of their flowers are in fours and fives.

Every seed plant normally comes from an ovum (egg cell) which
has been fertilized within the ovule of a flower. The fertilized

egg or zygote divides and redivides to form at first a nearly uniform
mass of cells. As these cells continue to multiply a process
early becomes manifest. This process is called Physiological
Division of Labor and consists of the apportioning of separate
kinds of work to different parts of the same organism. The result

of the changes occurring in physiological division of labor is called
Differentiation. As the cells continue to increase, unequal
growth takes place among them and, in time, they become
differentiated to form a young seed plant or embryo. The
embryo lies within the ovule which by this time has ripened to
form with the embryo the structure called the seed.

Upon reaching suitable soil the seed absorbs water and its

embryo swells and sprouts forth or germinates, forming a young
seedling plantle.t with roots, green foliage leaves and stem.
Eventually, through further growth and differentiation, a
mature adult plant is developed which bears flowers in which
female sexual cells or eggs and male sexual cells or sperms are
produced. The sperm

starting a new cycle. This

to generation.

thus



Chapter III

THE LIVING CELL

The Cell as the Fundamental Unit

Robert Hooke, an Englishman, in 1665, first described and
figured cells. He observed compartments regularly arranged in

rows in thin sections of cork placed under a microscope and,
likening these to the rooms of monasteries, named them cells.

In ,1831, Robert Brown, an English botanist, discovered the

lucleus which he found in a number of the plant cells.

Matthias J. Schleiden, a German botanist, in 1838, showed
the cell to be the unit of plant structure. The following year

Theodor Schwann, a German zoologist, showed that the bodies of

animals are also composed of cell units and announced the Cell

Theory, based upon Schleiden's earlier work and his own observa-

tions. animals are com
more ot tnese lundamen al units of structure and function,

mass of living matter to which Hugo
Von Mohl gave the name oiprotopL asm

time

some

small animals n in 1835. The
primary animal

substance," and called it Sarcode. The cell protoplasm may
may Most

mass of protoplasm

it. The term Protoplast is given to the mass of protoplasm

found within the cavity of the cell. While most plant cells

some contain a number

green

definitely organized structures of this kind but rather contain

chromatin within their protoplasm in a more or less diffuse or

loosely aggregated condition.

17
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A Typical Colorless Plant Cell

If we peel off a portion of the thin colorless skin or epidermis

from the inner concave surface of an onion bulb scale, mount in

water and examine under the microscope, we find it to be com-

posed of a large number of similar cells which are separated from

one another by means of lines, the bounding cell walls. Under

high power each of these cells will exhibit the following

characteristics:

An outer wall, hierhlv refractile in nature and com

10).

matter or protopl

but is formed 1

matter ffic

sufficiently

through it. Somewhere

asm This is the

removal

nucleus. The nucleus is called "the superintendent of the cell"

since it is believed to control all the activities of the protoplast.

Le cell. It is usually spherical
4

I epidermal cells of the onion becomes some-

pushed up against the outer plasma membrane
is surrounded by a nuclear nwall

tains a nuclear reticulum, nuclear sap and one or more nucleoli.

^ticulum can best be seen after the cells are fixed

and stained. It consists of a thread-like net of a colorless sub-

stance called linin adhering to which are granules of a substance

which takes the stain of a basic dye called chromatin. Chromatin

carries the genes or hereditary characters from parent to offspring.

The nuclear-sap is a watery solution of nourishing substances.

Within the nucleus will be seen one or more smaller highly

refractile and definitely circumscribed, dense protoplasmic bodies,

the nucleolus or nucleoli. During cell division the nucleoli disap-

pear and reappear in the two nuclei of the daughter cells when
cell division is completed.

The protoplasm of the cell outside of the nucleus is called the

"cytoplasm" It will be seen to be clear and granular-looking.

Within the cytoplasm will be observed a number of clear spaces.

These are vacuoles and, because they are filled with cell sap (water
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with nutrient substances in solution), are called
(c

The vacuoles appear as tiny droplets in young cells but grow with
becoming larger as th

mature

sm
pushed up against the cell wall.
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Fig. 10.—Portion of the inner epidermis of an Onion bulb scale, showing cells

at various stages of maturity. Young cell (l); old cell (3); cell intermediate in

middle

membrane
(v). Note that the young cell (l) shows numerous small vacuoles and a spheroidal

nucleus near center of cytoplasm. In 2 (cell of intermediate age) the cell has

enlarged, larger vacuoles have formed through the bursting of films of cytoplasm

separating smaller ones, and the nucleus has moved toward the cell wall. In 3,

the films have all burst, the cytoplasm and nucleus have been pushed up against

the cell wall, the nucleus is flattened out, and a large vacuole appears in the center

of the cell.

'rotoplasm is in intimate relation to wate

ytoplasm to a bounding film of water bel

forms the outer plasma membrane or ectopl

The reaction of

5
homo

asm; the reaction ot cytoplasm

loles forms the vacuolar membran

sm

; cytoplasm around it forms the nuclear memt

membranes are bounding films of protoplasm

All

pi

itact with water and are collectively termed

Upon mounting another portion of epidermis

removing the excess of stain and adding a drop

id then examining under high power, we note
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that the cell walls of cellulose are stained a deep blue. A yellow

line is evident in the middle of each cell wall and separates each

cell from its bounding cells. This line represents the fused

-

Fig. 11.—Elodea, an aquatic plant.

primary walls of adjacent cells and is called the middle lamella. It

is composed largely of calcium pectate.

Typical Green Cells

Excellent material for the microscopic study of green cells of

plants is to be found in the leaf of Elodea, a fresh water plant,

found in ponds and house? aquaria. The leaves of this plant are

small enough to be mount d beneath an ordinary cover gla on

a microscopic slide. They are oblong to oblong-ovate and

occur in whorls of 2 to 4 along a slender, elongated stem.
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When one of these is detached, mounted in water and
examined under low power m

mar
mi

where there occur several layers of narrow cylindrical cells. The

Fig. 12.—Portion of the leaf of Elodea, magnified, v, midrib; /, pointed cells pro-

jecting at intervals from the margin.

cells are arranged in rows and vary in size, being shorter and
broader toward the midrib and longer and narrower near the

margin. Projecting tooth-like cells occur along the margin.

The cells of the upper surface appear about twice as broad as

those of the lower surface. Each cell is separated from its

neighbors by means of transparent cell walls of cellulose and
pectic substances. Just as in the onion epidermis, what appears

to be a single partition wall between two cells is really two cell

walls separated by a middle lamella.
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If some of the larger cells are now examined under high power

magnification, each is found to be brick-shaped. Beneath the

cell wall will be seen a narrow zone of cytoplasm containing

numerous, green, ovoid, living bodies, the chloroplasts. Each

chloroplast is a dense, porous, mass of protoplasm containing the

green pigment or rather a mixture of four pigments two green

and two yellow and collectively called chlorophyll. Chlorophyll

is a highly complex and important material. By means of it,

energy in the form of light from the sun is absorbed and utilized

by the chloroplast for the manufacture of sugar. In some of the

Fig. 13.—A typicai green cell of Elodea. Cy, cytoplasm; N, nucleus; N,

nucleolus; C, chloroplast; Pm, outer plasma membrane; VM, vacuolar membrane;

V, sap vacuole; W, cell wall; S, intercellular-air-space. Greatly magnified.

cells the protoplasm will be found to be in motion (rotation),

carrying the chloroplast along with it. The nucleus will be

mbedded in the

which separates

somewhat hemispherical

ism and surrounded

it from the cvtoo asm
the nuclear

A nucleolus

will be seen within the nucleus. The center of the cell is occupied

by a large sap vacuole containing a watery solution of salts and

other nourishing substances. A clear vacuolar membrane lines the

inner surface of the cytoplasm, while another clear membrane,

the outer plasma membrane, lines the outer surface of the cytoplasm.

If the leaf be boiled in water so as to kill the plasma mem-
branes and make them permeable and then mounted in dilute

iodine solution and examined under the microscope, bluish to

bluish-black bodies will be observed in the chloroplasts. These
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are starch granules. They have been formed in the chloroplast

through the agency of chlorophyll and sunlight by the process

called photosynthesis. This process is discussed more fully in

another part of the book.

The Cell Wall

Nearly all plant cells possess cell walls. The cell wall is

composed of non-living substances which are secreted by the

primary walk

-secondary walk-

-tertiary wall"

..primary w&lh^
..secondary wait N

KJertiary walk)

andFig. 14.—Primary, secondary

transverse sections of trachea of Linden {Jilia americana).

transverse sections of tracheid of a yew (Taxus brevifolia).

D/wiVr JntrnJiirtinr, tn Pinnt Anatomv: McGraw-Hill Book Co.

and

I and

Mac-

asm youngest meristematic cells in the grc

ots, stems, and leaves are separated from

primary cell walls made

material called pectose As these cells grow older each of their

com

some pectose So what often appears to be a single

primary

between 2 layers of secondary wall- The primary has
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undergone some changes due to the infiltration or addition of

other substances and now becomes known as the middle lamella.

At first the secondary walls are thin but become thickened in

many cells owing to the deposition of successive layers of cell wall

substances through the intercalation of new particles of cell wall

materials between those already present. Some cells like tracheae

and tracheids also possess a tertiary wall which is deposited by

the protoplast in the form of spiral or annular bands on the

inner face of the secondary wall.

Thick cell walls are said to be stratified, since they

show lamellae or layers which vary in appearance under the

microscope

hemical composition. * They may
examined in surface view and especially after special staining,

fine lines running spirally or obliquely in the wall.

Other substances besides cellulose and pectose may be present

in mature cell walls. These include lignin found in woody walls,

berin common
mucil

dermis of some seeds. A
V

The Amceba

Amoeba provides excellent material for the study

plasm. It is a microscopic organism rarely more than

diameter, classified by most biologists within the urn

group of unicellular animals. It is found in stagnant

almost

submerged

If a drop of Amoeba culture be placed on the slide, covered

with a cover-glass, and the mount searched under low power, an

Amoeba should be found.

The beginner in microscopy is very likely to overlook an

Amoeba altogether, or to think that every little irregular, clear

spot in the field of view is one. When a clear object is seen which

is never the same in outline in consecutive moments, one is

rprtain of vicwincr Amoeba*
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Move the slide if necessary so as to bring the organism

the center of the field of view. Swing on the clips and brin;

high-power objective into position. Focus.

Note that Amoeba is a one-celled organism devoid of a

mass ofprotopi Protoplasm is a semifluid

viscid, granular like substance, in which life resides. It is

chemical analysis to consist ma
stances known as proteids, bodies

chemical constitution, examples of v

albumen of blood serum. Besides

extreme com in

asm

Fig. 15.—The Amoeba. An amoeba

n, nucleus; v, contractile vacuole;/, food within food vacuole. B
y
the process of

fission in Amoeba, a nucleus in each half. B, after Jordan, Kellogg

(From Bergen and Davis Principles of Botany.)

and

Amoeba contains fats and small proportions of mineral matters

such as salts of potassium, calcium, magnesium and iron. It

also contains a large proportion of water, called water

organization.

asm

draws the water of organization. gulated

treatment

Note that the protoplasm of the Amoeba <

non-granular portion called the ectoplasm an<

called the endoplasm. Within the endoplasm

nucleus which in the Amoeba is difficult to d

use of special stains.
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Observe the Amoeba as it moves and find out wh
direction of movement is in one line or several.

Note that Amoeba moves by extending protoplasmic

called pseudopodia (false feet). At a particular point

plasm is pushed out in the form of a small pimple-like <

asm

granules from the endoplasm stream

tion or pseudopod comes to possess the same structure as the rest

of the Amoeba. This method of movement is called amoeboid

movement. The same kind of protoplasmic movement is shown by

the slime molds and white blood corpuscles.

Note that when the organism comes in contact with a diatom

or any other particle of food pseudopodia are extruded and the

The food isasm

taken in with a small amount of water, which forms a surround-

ing bubble or food vacuole. This constitutes the first step in the

process of nutrition and is called ingestion. If watched sufficiently

long, the protoplasm of the diatom or substance of the food

particle ingested is slowly dissolved or digested through the

agency of some enzyme or enzymes within the endoplasm. As

it moves on, the Amoeba ejects or expels the cell wall of the

diatom or any other insoluble substance.

An enzyme

medium
becoming involved itself. Through enzyme action the pre-

viously water insoluble (colloidal) protoplasm or food of the

Amoeba is broken down into water-soluble (crystalloidal)

which The process whereby

water-insoluble foodstuffs are made water-soluble through

enzymic action is called digestion.

Mineral matters are taken in by the Amoeba with its food in

form The next step is for the

miorganism to rearrange the elements c

salts and water in such a way as to form new particles of living

protoplasm. These are deposited among the pre-existing par-

ticles and so assimilated or converted into the living substance of

the Amoeba. One effect of this formation of new protoplasm is

growth. This process of growth by the interposition of new



THE LIVING CELL 27

among the old ones is called intussuscept

ith animals and plants, grow or increase

All

me
. _

Minerals or other organized non-living things grow by a

deposition of successive layers on their original surfaces. This

process of growth is called accretion.

Fig. 16.—Stages in the division of Amoeba polypodia. (From Marshall, after Schulze

and Lang,)

Look for a large, clear, pulsating structure or space within

the protoplasm of the Amoeba. This is the contractile vacuole.

Alike with all other living organisms, Amoeba is continually

undergoing destructive as well as constructive changes. Every

time it extrudes pseudopodia or performs work of any kind, a

nnrtinn of its protoplasm is broken down by oxidation, which is

>anied bv a release of energy. The nitrogenous waste inaccom
from the oxidation of protoplasm, makes

way to the contractile vacuole and is expelled by its contraction.

This function of getting rid of nitrogenous waste is called excretion.
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In order that the oxidation of protoplasm, referred to in the

preceding paragraph, may take place, a constant supply of

oxygen is essential. Amoeb

dioxide.

this gas in solution. Now, the protoplasm of the Amoeba (as

well as other living organisms) is continually forming carbon

When two gases are separated from one another by a

porous septum, an interchange takes place between them, each

diffusing into the space occupied by the other. The process of

gaseous interchange is precisely what takes place between the

H2 in the surrounding water and the C0 2 in the interior of the

Amceba, the protoplasm acting as a porous partition. This

gaseous interchange whereby this organism takes in oxygen and

gives carbon dioxide off is called respiration or breathing. The

oxygen taken in by the Amceba oxidizes the complex carbon

compounds within its body with an accompanying release of

energy
Amceba may

may
must be some provision whereby its numerous

v* halanred. Tn other words. Amceba must vn

individuals like itself. This function is called reproduction.

Amceba reproduces itself by the simplest method of reproduc-

tion, known as simple division or binaryfission. At first the nucleus

divides into two; then the whole organism elongates, the two

nuclei at the same time traveling away from one another; next a

furrow ^nnp^rQ arross the middle of the elongated bodv between

anism

rates into two separate Amoebae, which henceforth lead an

independent existence.

Under unfavorable circumstances, such as the drying up of

the water in pools in which it exists and the approach of cold

Amoeba draws in its pseudopodia, loses most

becomes spherical in shape and

surface Inside of the
• •

form a lame number

nuclei. Cells walls then appear dividing up the cell contents

into as many little Amoebas called Amoebulae as there are nuclei.

Upon the approach of favorable conditions, these Amoebulae

escape by rupture of (he cyst, each developing into an active
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Amoeba. This process is called sporulation and represents

another method of reproduction shown by some species of the

Amoeba.

The Relation of Plants and Animals

One can see many striking differences between the highest

forms of plants such as the sunflower and orchid and the highest

forms of animals such as man and the gorilla, but as one passes to

the lower forms of plants and animals these differences gradually

disappear. There are a number of low types of organisms such

as Euglena and Volvox which have characteristics common to

both plants and animals and which might be placed in either

group

Plants Animals

1. Most plants possess the 1. Most animals cannot con-

power of constructing com-

plex organic food substances

like sugar and starch from

water and carbon dioxide

by means of chlorophyll and

nght.

struct their own foods but

are dependent upon green

plants for the food essen-

tial to their nutrition and

existence.

2. The cells of most plants 2. The cells of most animals

possess rigid cell walls com-

posed of cellulose and pec-

tose which surround their

are devoid of such walls.

protoplasts.

3. Most plants are incapable 3. Most animals are capable

of moving from place to of locomotion.

place (locomotion).

4. In most of the simple plants

growth is not localized but

in the more complex plants

growth in length becomes

localized in the tip regions

of organs and in these con-

tinues indefinitely.

5. Most plants are constructive

agents.

4. In most animals growth in

length is not restricted to

the ends of body or to the

extremities of organs and

ceases when the animal

attains maturity.

5. Most animals are destruc-

tive agents.
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Still more primitive and less differentiated are the Amoeba,

the vegetative stages or plasmodia of slime moulds, and the

bacteria which, along with many other unicellular organisms
-

of simple structure, have been called "Protista." It is the belief

of most biologists that plants and animals of the present day

have gradually developed from a common origin which, during

an early era in the earth's history, gave rise to the Protista from

which arose two diverging branches of organisms known as the

plant and animal kingdoms.

It is impossible to draw sharp lines of distinction which will

separate all plants from all animals owing to the similarity of

structures, functions and laws of inheritance found in organisms

belonging to both groups. It is possible, however, to find points

of difference between most plants and most animals. These are

given in the table on page 29.

Protoplasm and Its Properties

Protoplasm, or living matter, is the viscous cell substance in

which life resides. Huxley has defined it as the "physical basis

of life.
55

Protoplasm occurs as a colloidal solution and as an emulsion

of colloidal particles. It has well been called a "polyphase

colloidal system" Colloids are substances like glue, agar or gelatin

which do not crystallize when solidifying from solution and

which will not pass through a semipermeable membrane like

pig
5

s bladder or parchment. Substances like salt and sugar

which crystallize from a solution upon evaporation of the solvent

and which pass through a semipermeable membrane are called

crystalloids. When examined under the microscope, proto-

plasm appears either as a colorless jelly in which are frequently

imbedded globules and granules of various shapes and sizes or as

a streaming liquid. It occurs both as a sol or liquid that flows

readily or as a gel or jelly-like mass. It is extremely complex

and unstaple. It may change from the liquid to the jelly state or

vice versa under certain conditions. The liquid portion of the

protoplasm contains particles of ultramicroscopic size while the

jelly-like, granular portion contains particles, granules or

globules visible under a compound microscope.
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Protoplasm cannot be analyzed chemically. Dead proto-

plasm, which is the material examined when protoplasm is

subjected to reagents in the procedure of chemical analysis,

consists of a variety of different chemical compounds including

proteins, carbohydrates, fats, salts of sodium, potassium, mag-

nesium, calcium and sometimes iron, etc., also gases like oxygen

and carbon dioxide and water.

Properties of Protoplasm.—The peculiar properties which

distinguish protoplasm from non-living matter are as follows:

1. Structure.—Protoplasm, as it occurs in cells of plants

and animals, invariably exhibits structure. No region of it,

however small, has been found to be homogeneous. Each

advance in microscopical technique reveals new complexities.

The protoplasm of a single cell, far from being a single unit,

must rather be looked upon as a microcosm.

2. Metabolism.—Perhaps the most significant peculiarity of

living matter is found in its instability and the chemical changes

which continually go on within it. It is constantly wasting away,

and as constantly being built up. These losses and gains are not

upon the exterior surface but throughout its mass. Its growth

and renewal are by intussusception, or the taking in of new particles

and storing them between those already present. Inorganic

substances, such as crystals on the other hand, grow by accretion,

e.g. through the addition of similar material in layers on their

outer surfaces. A bit of protoplasm may retain its identity

matter of which it is com

over. remains

same while the water of which it is composed changes continually.

Metabolism has been aptly defined by Huxley as the whirlpool

character of the organism. It may also be defined as the series

of processes concerned with the building up and breaking down

To those processes concerned with the buildingmatter

im

assimilation, the term anabolism is applied. Another term

is nutrition. To those processes which involve theism

breaking down of protoplasm, such as respiration, excretion

term

3. Irritability.—This is the property possessed by proto-

sm of responding to a stimulus. All living matter responds
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to stimulation. When matter fails to be irritable or responsive

to stimuli, we declare it to be dead. The stimuli that excite

reactions in living matter are of two kinds, viz., intrinsic and
extrinsic.

Intrinsic stimuli are inherited stimuli, being carried by the

chromosomes from parent to offspring. They determine that

the plant shall conform to a particular type, carry on certain

activities, pass through a definite life cycle, and detach a portion

of its own substance for the formation of new individuals of its

kind.

Extrinsic stimuli initiate, inhibit, accelerate or modify the

effects of intrinsic stimuli. They comprise agents of the external

world such as cold, heat, chemicals, food, water, light, oxygen,

electricity, gravity, etc.

Tropisms, Taxies and Nasties.—The irritable reactions

manifested by protoplasm and living things to the effects of these

external agents are termed tropisms, taxies or nasties and will now
be considered briefly. The term tropism is now largely limited

to the response of non-motile plants and is usually applied to

growth movements of these in response to external stimuli.

The response made to a stimulus is usually designated by a

prefix name which implies the kind of stimulus, as for example,

the response to light is called phototropism, to gravity, geotropism,

etc. A response in the direction of the source of a stimulus is

called positive while one which is away from the source of the

stimulus is designated as negative. The term taxy (pi. taxies) is

applied to responses of motile plants and plant cells, as gametes

and zoospores, which involve locomotion. The term nasty

(pi. nasties) is applied to responses of non-motile plants induced

by stimuli in which the movements have no particular direction,

as for example movements brought about in some flowers as a

result of the succession of night and day (nyctinasty) .

Thermotropism is the response of living substance to the

stimulus of temperature. All living substance is influenced by
variations in temperature. Freezing disintegrates it while

excessive heat causes its coagulation. Active vital phenomena
are therefore only evident within these extremes, the limits

differing depending upon the endurance of the organism under
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examination. The lowest temperature at which the activity

organism becomes

ypt

highest at which they can be continued, the maximum. Some

plants are able to endure greater extremes of temperature varia-

tion than others because of special adaptations. Thus, certain

bacteria produce spores which resist exposure for an hour to the

temperature of liquid hydrogen (
— 225°C.) or to that of a

hot air oven at 100°C. Many higher plants can endure moder-

ately low temperatures by the development of a hairy covering;

others which are killed by frost produce seeds which can endure

rigid cold, still others adapt themselves to existence through

form

zomes

Hellebores

xy) is the response of protoplasm

chemical stimulation. Any substances that possess the property

of producing a deleterious effect upon protoplasm are termed

poisons. Poisons may effect an immediate destructive combina-

tion with living substance when they are called caustics, or they

may have an exciting or depressing effect which may eventually

prove destructive without visible structural change, when they

are termed toxins. Caustics may liquefy the protoplasm, as the

alkalies, or coagulate it, as the acids or salts of metals.

When well ' diluted, chemicals may occasion no destructive

but may
chemotropism

motile sperms

m
mov

introduced into water containing them, the sperms

toward it and entered. It is now generally believed that the

motile male sexual cells of all flowerlcss plants are attracted to

the appropriate female sexual cells by means of positive chemo-

taxic influences. Among flowering plants, it has been observed

that pollen grains brought by various agencies from anthers to

stigmas of certain plants of different species will not germinate,

but when they are carried from one plant to another of the same

• :_,.. +u~r w«h;Jv spnd their pollen tubes through
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the stigma and style to the ovule below. In the former instance,

negative chemotropism is illustrated, while in the latter, positive

chemotropism is shown.

Sitotropism is the reaction of living matter to the influence of

food. When the response is by motile organisms or motile

cells, it is called sitotaxy. Hertwig found that if a fine capillary

tube be filled with a 1 per cent solution of asparagin or beef

extract and held in contact with a drop of water containing

certain bacteria, a mass of these soon plugged the mouth of the

tube. His experiment shows that these organisms moved from a

poorer to a richer nutrient medium in response to a positive

sitotaxic influence.

Oxytropism is the response to the stimulating influence of

oxygen. We see evidence of this everywhere in nature. No
living thing can continue to exist without this element. A
mistaken idea is often prevalent regarding obligate anaerobic

bacteria. Like all other bacteria or organisms, these plants

require oxygen but can only assimilate it in its combined form.

The tetanus bacillus is a good example. Aerobic bacteria, on the

other hand, require free (uncombined) oxygen for assimilative

purposes. Thus the tetanus organism (an anaerobe) grows in

the depth of culture media, whereas the tubercle bacterium

(an aerobe) grows only on the surface.

Hydrotropism is the response of protoplasm to the stimulus

of water. This reaction is seen in both positive and negative

phases in the slime molds. The vegetative stage of these lowly

plants is characterized by a naked, many nucleated mass of

Drotonlasm, confining itself to the moist crevices of rotten loo-s.

substratum becomes
emer As soon, however,

asmic mass

from the substratum, away from moisture (negative reactio

The roots of young seedling plants show positive hydrotroDism
moisture

Rheotropism is the response made by roots and ime
moulds

Heliotropism is the response of living substance to the stim-

ulus of sunlight.
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Phototropism is the response of living things to light of any
source. The stems of higher plants tend to grow toward the light

and are, therefore, positively phototropic, whereas the roots grow
away from the source of light and are so negatively phototropic.

Fig. 17.

(Photograph bv Steckbeck and Palmer.)

Wilmingt C.

of protoplasm to the stimulus

of gravity. Roots of Pteridophytes and seed plant

grow downward toward the center of gravity and so a

geotropic. The fruiting organs of the fungi and the

of higher plants tend to grow perpendicular to the earth's

main stems
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surface and so are negatively geotropic. Branches of stems that

assume a relation parallel to the earth's surface are diageotropic.

The Lima Bean, Sarsaparilla, Poison Ivy, and other plants whose
stems twine about supports exhibit lateral geotropism in their

horizontal curvatures.

Galvanotropism is the reaction of protoplasm

stimuli may
stimulus

No
examined micro

becomes manifest. Kuhne
that when an electric current is passed through the hairs of the

asm becomes gathered into small

masses.

matter to mechanical

?

stimulation. Examples of this form of irritability appear to be

far less common among plants than among animals. Certain

species of Mimosa (Sensitive Plants),- Oxalis, Drosera (Sundew
Desmodium and Dioncea muscipula or the Venus Fly-trap exhib

this phenomenon to a marked degree. A few instances only

will be considered. When the tendrils of climbing plants come
into contact with the uneven surface of solid bodies they are

induced to coil. When the tentacles on a modified leaf of the

Sundew (Drosera) are stimulated mechanically by an insect or

artificially they are induced to curve over. If a good plant of

Venus
terminal portions of which are modified

catching insects (Fig. 17). Hairs will be seen projecting from

the upper surface of each valve of the hinged blade. If one of

these hairs is touched with a pencil no reaction will be evident

but if, after a lapse of twenty seconds, the hair is touched again,

the 2 valves close. If the stamens of Berberis (Barberry) be
d

stigm

most highly specialized form of thigmotronism

irs to be found in Mimosa Spegazzini, a member of

y. According to Steckbeck "when a mechanical

mulus, such as a forceps pinch, is applied to one of the terminal

mi
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secondary leaflets, after a latent period of less than y± second, the

leaflet stimulated rises and its partner almost at the same time.

B
Fig. 18. Mi iosa pudica. A, normal position; B, after stimulation.

p, pulvinus or leaf cushion at base of petiole. Note the compound leaf consists of a

long petiole ending in a blade of 4 leaflets, each of which possesses a secondary

petiole with a pulvinus at its base, and a midrib which bears a large number of

small secondary leaflets. A stimulus applied to the large pulvinus at the base of

the main petiole will cause the latter to fall and the secondary leaflets to become

erect with the upper surfaces of each pair of opposite leaflets against each other

(£). (After PJeffer.)

stimulus is then carried down the mi the pairs of

secondary leaflets closing in order; in 9 seconds all the secondary

mi
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by a drop of the entire leaf. The stimulus moves up the other

leaflet with the result that the secondary leaflets close in order.

In 20 seconds after stimulus all of the

secondary leaflets, are closed. The stimulus is propagated
through the stem (Cf. Figs. 18 and 19.)

Fig. 19.

—

Mimosa Spegazzini. After the application of a stimulus. Comp with
Fig. 18. {After Steckbeck. )

4. Reproduction. asm also shows a very remark
and

com
original. moreover, may

ns may be of t

form a cell called a zygote or oospore from
mature individual develops or of the nature of asexual cells

detached singly or enmasse which eventually develop into
mature individuals.

plants" by D. W
Steckbeck in Contributions from The Botanical Laboratory of the U of Pa.,
vol. IV, No. 2, p. 217, 1919.
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Other physiological characteristics, as m and con-

ductivity, might be added, but the four just discussed are the

most satisfactory criteria by

which living may be distin-

guished from non-livinp; matter.

Movement

Living matter in its active

state of existence exhibits motion.

The several kinds of movement

of protoplasm which may be

observed within the closed cells

or in naked cells are amoeboid

movement, ciliary movement, cyto-

pl rotation and )pl

circulation. Cold retards and

heat accelerates movement with-

in certain ranges.

1. Amoeboid movement is a

creeping or movement

such as is typical of the plas-
Fig. 20.

—

A, embryonic cells from

modium or vegetative body of
oniorl root tip; d^ outer piasma mem-

slime molds and of the animal brane; c, cytoplasm; a, nuclear mem-

Amoeba.

Ciliary

brane enclosing the thread-like nuclear

reticulum b, nucleolus; e, plastids (black

2. Ciliarv movement can be
dotg scattered about) . Bj ider cells

he motile bacteria farther back from the root The

and in the sex cells of the lower cytoplasm is becomi

and some
vacuole. C, a cell from the epidermis

Which pOSSeSS slender protO-
its natural condition on the right, and

Outgrowths called cilia plasmolyzed by a salt solution on the
asmic

which lash the water.
left; g, space left by the recedence of the

cytoplasm from the wall; the plasma

3. Cytoplasmic rotation is Well membrane can now be seen as a delicate

strated in Elodea and Nitella, membrane bounding the shrunken

two common aquarium plants, proiopia.

, (Stevens.)

In rotation, the protoplasm

All highly magnified.

moves

along the other side and end. In Elodea the chloroplasts found
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asm are carried along by the moving

asm In some plants like Nitella

along with the current. (See Fig. 21.)

4. Cytoplasmic circulation or streaming may be seen in t

stamen hairs of the Spiderwort, in some epidermal

pidermal Here

asm will be seen in several strands traversing the cell

cavity as well as lining the inner face of the cell wall. The

Fig. 21.—Protoplasmic movement. 1 and 2, nuclei from the tapetal Plas-

modium of the spore case of Botrychium, 1, in the usual form, and 2, flattened while

entering a crevice between spore-groups; 3, cell from Nitella showing cytoplasmic

rotation as indicated by the arrows; 4, cell from stamen-hair of the Spiderwort

{Tradescantia)
y
showing circulation of the cytoplasm as indicated by the arrows.

{After Stevens.)

cytoplasm moves to and from the nucleus and cell wall and may
after streaming in one direction for awhile, reverse itself.

Protoplasmic Cell Contents

name
or asmic matter

consists of six well-differentiated portions, viz.:

The protoplast

(a) foamy, often granular matrix

asm Embedded
asm are non-protoplasmic The most

prominent

sm
materials (cell sap)

either a watery solution of nourishing
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(b) Nucleus, a denser, definitely circumscri

asm containing nucleoplasm

varying consistency containing chromatin, a substance staining

heavily with certain basic dyes, adhering in the form of granules

consisting of a wateryto a network of linin. Nuclear Sap,

solution of nourishing substance is also found in the nucleus.

The nucleus may be regarded as the su

Fig. 22.—Diagram of Plant Cells: a, cell wall; b, cytoplasm; c, cytoplasmic

strand; d, nucleus; e, plastid;/, plasmodesma, passing through pit in cell wall; g,

sap vacuole. (Drawing by H. McCarthy, from Stanford's "Economic Plants" D. Appleton-

Century Co. Publishers.)

since it controls the structural changes and physiological activi-

ties that take place within the living cell. It is usually spherical

in shape but in some plant cells is ovate, ellipsoidal, stellate,

discoidal or elongated. The chromatin is the substance which

carries those characters or factors from parent to offspring which

determine that the offspring shall resemble its parent or parents

and past ancestors.

(c) The Nucleolus, a small body of dense protoplasm within

the nucleus. Sometimes two or more nucleoli may occur within

a nucleus. The nucleoli are believed to represent reserve food

which is employed in the metabolic processes of the nucleus.
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(d) The Plastids, composed of differentiated asm
called plastic plasm. They are small, discoidal, spheroidal,

ellipsoidal, stellate, ribbon-shaped, or variously shaped, dense,

porous, protoplasmic bodies scattered about in the cytoplasm.

The plastids may become modified and specialized for definite

functions depending upon the position of the cells containing

them in the plant and the external conditions to which the cells

are exposed. Sometimes, as in the cells of lower plants

like the Spirogyra, plastids are large and are then called

Chromatophores.

In the meristem cells of root and stem tips of plants the plastids

are very small, colorless and usually found around the nucleus.

These minute plastids are termed primordia or proplastids. As the

meristematic cells enlarge and undergo differentiation, the

plastids and chloroplastids

leucopl

According to the position of the cells in which plastids occur

orm
Leucoplastids are colorless plastids found in the under-

ground portions of a plant and also in seeds, and other regions
given up to the storage of starch. Their function is to build up
reserve foods like reserve starch and oils from sugar and other
carbohydrates. Leucoplastids may become transformed into

chloroplastids upon exposure of cells containing them to light

through the formation within them of chlorophyll and related
pigments. They are only evident after properly fixing and
staining cells containing them. When leucoplastids build up
and store starch they are sometimes called amyloplastids; when
they build up and store oils they are called elaioplastids.

Chloroplastids are plastids found in cells exposed to light
and contain the green pigments chlorophyll a and chlorophyll b

ments
phyll. All Chloro-

may develop into chrom
many
of division by constriction.

hloroplastid

Chromoplastids are plastids found in cells independent of
their relation to light or darkness and contain a yellow, orange
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ment called chromophyll chromoplastids may

circular, oval, needle-shaped, angular or fan-shaped and are

averagely smaller than chloroplastids. They are responsible

for the yellow and orange colors of many petals and sepals of

flowers and of ripened fruits. The root of the carrot contains

laree numbers of them.

Cell Membranes.—These are of three kinds, viz.: (1)

iter plasma membrane or ectoplasm, found as a transparent,

colorless, outer bounding film of cvtoplasm enveloping the

Fig. 23. rmis

Nasturtium {Iropaolum majus) with crystalline chromoplasts; B, cells from the

petal of Lupinus luteus, with yellow chromoplasts; C, cell showing numerous chloro-

plasts scattered through the cytoplasm. A, after Strasburger; B, after Frank.

{Stevens. )

granular, inner cytoplasm, the latter sometimes termed <Wo-

piasm"; (2) the vacuolar membranes, clear bounding films of cyto-

asm
film of protoplasm forming

zone of the nucleus. membranes are semip

permit

them

soluble) substances in solution while they will no

passage of other crystalloidal substances in solution.

admit

if) Chondriosomes or Mitochondria.—These are small

imic
**
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asm of many cells. They take a deep stain with basic

s, like chromatin, but their sign

Plasmodesma.—The protoplasts many
plant organs especially those possessing thick cell walls are con-

threads of cvtoolasm

ip asmic

plasmodesma. They are probably more
common

extreme

me to

bring them out. They occur in meristem, medullary rays,

storage tissue, phloem, etc. The author has found large and
prominent plasmodesma in the endosperm of species of Plantago

yielding Psyllium seeds. They have been found in the red

algae, in stems of mistletoe and nine., in nearlv pverv r\nrt of thf>

mosses, ferns, and gymnosperms

rm
omica, ignatia, date, persimmon, etc. (See Fig. 22.)

Cell Formation and Reproduction

The cells of plants have all been derived from preexisting

cells. In the bacteria and many other low forms of plant life,

the division of the cell always results in reproduction; in higher
forms, however, it merelv increases the si^ of th<* Iy%aIxAA***\

enomenon

formed
sexual. Both of these are endowed with the possibilities of repro-

former are frequently limited
of growth.

Reproduction is the power possessed by an organism of giving
rise to new individuals. This may take place through the agency
of either asexual or sexual cells and is accordingly asexual or
sexual in character. Whenever a union of cells or their proto-
plasmic contents takes place the process is called "sexual repro-
duction"; if, however, there is a mere separation of a cell or cells
from an individual which later form a new organism, the process
is termed "asexual or vegetative reproduction."
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modes

Fission or Binary Division, Gemmation, Free Cell Formation, Rejuve-

nescence and Vegetative Multiplication.

Fission.—This is the separation of a cell into two equal halves,

may
from ived. Fission is seen in the reproduction

manv aleae and the formation of tissues of

higher plants.

In fission o

may occur (1) a division of the cell by means ot a

~»f the nature of a Dlasma membrane formed by the shr

mitosis

forming two plasma membr

which the cell walls separating the daughter cell are laid down,

or (2) a division by constriction. me

some of the algae, the cytoplasm becomes coi

from the wall of the cell at a point mi

asm

form. As the constriction deepens,

com

ted, it forms a completel

Gemmation or Budding. me

common among yeasts. (See Fig. 284.) The cell forms a pro-

tuberance called a bud which increases in size until it equals the

size of the cell which formed it and then becomes detached,

although frequently not until it has developed other buds and

these still others.

Free Cell Formation.—This is a type of reproduction

common

asm
the nuclei,

membranes

form plasma
i

Seen in the

formation of ascospores within the ascus of Ascomycetes

Rejuv:
mode

m of the cell becomes

forms cilia and moves

tre Later it looses its cilia, develops a cell wall and

passes into a resting condition. Under favorable circumstances
Zoosp
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it grows into a new organism. It is found in CEdogonium,

Ectocarpus, and many other algae. (See Fig. 257z.)

Vegetative Multiplication.—This form of asexual repro-

duction involves the giving off of multicellular portions or vege-

tative outgrowths of the parent plant, such as bulbs, tubers and

runners, which become detached and develop into new plants.

It occurs frequently in nature but is also accomplished artificially

through the removal by man of parts of the parent plant, such

as stem or root cuttings or leaves, or by layering, i.e. bending

branches over until they touch the soil and subsequently give

* -...,y

Fig. 24.—Propagation of Strawberry {Fragaria) by runners (stolons). The
two plants in the small pots developed from the tips of the runners produced by
the older plant in the central pot. (Gager.)

from
plant. (See Fig. 24.)

There are two kinds of Sexual Reproduction, viz.: Conjuga-
tion and Fertilization. In both of these the sexual cells, called

gametes, or their nuclei come together and their

blends to form a new cell. Fertiliza

seen in higher plants.

Conjugation.—A union of two

asm
common method

gametes, alike in physical

molds, Spirogyra, tygnem

method

.Fertilization.—A union of two unlike gametes or their

male sexual cell, is smaller

r/> One gamete
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female sexual cell, is larger and passive. This process is seen

among the higher and many of the lower plants.

Indirect Nuclear Division (Mitosis or Karyokinesis)
i

This is the general method of division seen in the formation

of tissues of higher plants.

forma

formed

When we examine

more

and containing a nuclear network, nuclear sap and one or more

nucleoli. The nuclear network consists of a colorless network of

numerous minute

dye. Surrounding the

cytopl

commences

the linin threads of the nuclear reticulum shorten, drawing the

chromatin granules together into a thickened, twisted, chromatic

thread called the jpireme. This thread splits transversely and

becomes divided into a number of rods termed

may

termed the daughter-chromosomes. They lie within the nuclear

cavity united by delicate threads. There now begins a phe-

nomenon concerned with the cytoplasm which is primarily a

process of spindle formation. The granular cytoplasm accumu-

lates at the poles of the elongated nucleus, forming the cytoplasmic

caps. Presently it begins • to show a fibrillar structure, the

threads extending outward around the periphery of the nucleus

forming- an umbrella-like arrangement of fibers from both

asmic With the formation of fibers comes

nr.le.ar membrane and, in consequ

fibers enter the nuclear cavity and organize the spindle. Some

of the fibers become attached to the split chromosomes and

push, draw or pull them to the equatorial plate, halfway between

the poles. Meanwhile the nucleolus disappears. As the

chromosomes line up at the equatorial plate their daughter halves

are drawn apart in V-shaped fashion. The split extends and

chromosome

remaining At the respective poles the
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Fig. 25.

g

-Semi-diagrammatic representation of nuclear and cell-division, a,
resting cell ready to begin division; b, the nuclear reticulum is assuming the form
of a thickened thread, and the cytoplasm at opposite poles is becoming thread-
like to form the spindle fibers; c,-the nuclear thread has divided longitudinally
through the middle, and the spindle fibers have become more definite; d, the
nuclear membrane and the nucleolus have disappeared, and the nuclear thread
has become segmented into chromosomes which are assembling at the equator of
the cell. All of the phases of division thus far are called prophases, e, the meta-
phase, where the longitudinal halves of the chromosomes are being drawn apart
preparatory to their journey toward the opposite poles; /, the anaphase, or move-
ment of the chromosomes toward the poles, is about completed, connecting fibers
extend from pole to pole; g, telophase where the chromosomes have begun to spin
out in the form of a nuclear reticulum. The connecting fibers have begun to
thicken ,n the equatorial plane; h, the connecting fibers have spread out and come
into contact with the wall of the mother cell in the equatorial plane, and the
thickening of the fibers throughout this plane has made a complete cell plate
withm which the dividing wall will be produced; i, a nuclear membrane has been
termed about each daughter nucleus, and the dividing cell-wall is completed.
1 he two daughter cells are now ready to grow to the size of the parent cell in a,
when the daughter nuclei will appear as does the nucleus there. All highly mag-
nified. (Stevens.)

B y 5
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g chromosomes form a dense com A cell

membrane {cell plate), composed of material contr

through the shrinking of the spindle fibers, is

through the mi spindle.

formed

to form

membranes (the pi

branes). Presently there appears within the vacuole and

membranes a substance com

posed chiefly of pectose (and represent-

cell wall) which later, bying primary

mineral

cium. becomes ella. On t

ima memb
B

form a cellulose membrane. The flattened

vacuole extends toward the periphery and

ultimately a complete cell wall is formed

The dense com knots of chrom

osomes

D
Fig. 26.—Enlarged

form the daughter-nuclei, now begin to views of spindle fibers

expand and clear mesh-like spaces to appeal -- r~
. , » i • /l, swellings

between the expanding threads. As tnis
appearing

on the fibers. B, lateral

chromosome

becomes distributed through the nuclear forming a continuous cell

cavity. It is soon possible to distinguish the P^ jJP \™*^
chromatin from the linin. Eventually an plasma membranes. D,

irregular network of linin carrying chromatin a cell wall is secreted be-

formed of

nucleus.
r j membranes
formed

HaiIirhter ceUs .

the

(From

The Spindlefibers "A Textbook of Generaland the nucleolus reappears.

disappear. The daughter-nuclei inereasejn **£ *£+?£
size and each daughter-cell formed

,ers.)

assumes

mitosis may
summ

1 Prophase.—Construction of the chromatic thread or

Traverse segmentation of spireme into chromosomes
spireme

chromosomes 1)

appearance of the nucleolus or nucleoli.
M ^ A

asmic

Formation of the cyto-

» of nuclear membrane.
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2. Metaphase.—Arrangement of the double chromosomes

at the equatorial plate with their daughter halves drawn apart in

V-shaped fashion. Attachment of spindle fibers from poles of

spindle to the halves of the chromosomes.

3. Anaphase.—Separation of the daughter halves of each

double chromosome. Movement of one-half of each double

chromosome Formation

masses of daughter chromosomes

pole.

4. Telophase.—Expansion of the masses of daughter chro-

mosomes at the poles, and their division into linin-carrying

chromatin granules, and the complete organization of the daugh-

ter nuclei. Appearance of a nuclear membrane around each

daughter nucleus. Appearance of a nucleolus or of nucleoli in

each daughter nucleus. Construction of a cell plate between

the two daughter cells. Splitting of the cell plate to form plasma

membranes. Formation of the middle lamella between the

plasma membranes. Formation of a cell wall by each plasma

membrane.

Number of Chromosomes.—The number of chromosomes
found in the cell nucleus varies with the kind of cells considered

in each individual and with the species. Every species of plant

or animal has a definite number of chromosomes that appear

undergo mitosis. In all sexually-reproducing

animals

cells and the germ cells. Each of the body cells contains twice as

many chromosomes as each of the germ cells. Thus, the Stra-

monium contains 24 chromosomes in each of its body cells and
12 in each egg and sperm cell. The number of chromosomes in

the body cells is constant, is called the diploid or species number,
and is expressed as 2x. The number in the germ cells is called

haploid number

Meiosis or Maturation

The process whereby the diploid number becomes haploid is

called meiosis or maturation.

Each of the spore mother cells which give rise to pollen grains

and to eggs in plants are formed by the division of body cells and



THE LIVING CELL 51

them contain 2x chromosomes, of which x chromosomes

nucleus. It is apparent

2x chromosomes, the zy

number of chromosomes

Moreover, the body eel

chromosomes by the sperm

uniting egg and sperm had

from

Fig. 27.-Diagram showing various stages in the reduction division of a spore-

mother-cell of a plant. A, resting stage of the mother-cell nucleus; B, the nuclear

skein or spirem during synapsis; C, the spirem after synapsis, showing its double

(diploid) nature; the dotted line indicates the segmentation of the '^"^
2 diploid chromosomes, each of which has split longitudinally ,n D; E the diploid

chromosomes on the equator of the spindle of the first (heterotypic *™™>*>

late anaphase; G, metaphase of the second or homotypic division; H, late.anaphase

of same, two haploid chromosomes approaching the poles of each spmdle, I, the

four daughter cells (spores) of the tetrad. (After Gager. )—
-n and redivision of the oospore would contain Ax chromo-

__ This does not occur, for at a certain stage in the life

history of every sexually reproducing plant between each zygote
somes

formation and the next, a i

the 2x chromosomes are reduced to x chromosomes This

reduction in the chromosome number takes pi;

nuclear divisions of spore .mother cells to form pc

embryo sacs with the result that each of the starti:

gametophyte generation have their chromosomes

x or haploid number.
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heterotyp

num
chromosomes These

nuclei do not pass into the resting condition but soon undergo a

second division.

homotyp

form

number of chromo

somes number of chromosomes

: gametophyte generation, so that the uniting egg nucleus

perm nucleus possess this number. In the act of fertiliza-

he x chromosomes from the egg nucleus are combined with

chromosomes from the sperm nucleus to form 2x (diploid)

chromosomes When the zygote divid

(diploid) chromosomes

number



Chapter IV

E HISTORY OF THE MALE FERN [AN

INTERMEDIATE TYPE OF PLANT]

The Male Fern (Dryopteris Filix-mas)

the pharmaceutical and medical profess

drug Aspidium, a most valuable reme

tapeworm employed are the rhizome

1 in autumn,

temperature

e Male Ferr

o
c.

generations in its life cycle. The first of these is that which is

represented by the more conspicuous plant which we call "the

fern." It is in this phase that the spores or asexual cells are

produced, hence the plant producing them is called the Sporo-

phyte (spore-bearing plant). The second phase is that which is

represented in the development of an inconspicuous, tiny heart-

shaped body which occurs on the surface of woodland soil and

which bears the sexual organs in which sexual cells or gametes

are produced. This phase is called the Gametophyte or sexual

generation.

History

Gross Structure of Stem—The main axis of Dryopt
I ft 1

stem or Rhizome

oblique or ascending in habit. It gives offnumerous Roots from

from

anterior portions. The leaves of a fern are called Fronds.

Behind the fronds of the present year are to be noted the per-

sistent stalk bases of fronds of previous seasons. The roots are

' transparent tips. They

ar77nserted on the bases of the fronds, close to their junction
_ - « • 111.1. L ^

semi

stem rhizome

m
S3
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Fig. 28 —Dryopteris (Aspidium) Filix-mas. % nat. size. A, Sorus and portion
of pinnule bearing same, in cross section, X 20. {After Kny.) B, Pinnule with
young sori, each covered with an indusium. C, the same, showing a later stage
of the sori, with shrivelled indusia. Both slightly enlarged. {From Strasburger,
tfoll. Schenck and Schimper's Lehrbuch der Botanik.)
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Bud overarched by young fronds. The opposite end is known as

the Posterior Extremity and in the living plant is constantly

decaying, as the anterior portion elongates.

Gross Structure of the Frond.—Each frond consists of (1)

stem

expanded, leafy portion called the Lamina or blade. amm
Midrib

which are called Pinnae. Each Pinna (sing, for pinnae) is further

divided into secondary lobes which are called Pinnules. If a

pinnule be examined carefully it will be seen to possess Veins

which are arranged in forked fashion. The under side of

of the pinnules will be seen to possess "fruit dots" or Sori.

Histology of Stem (Rhizome).—Passing from periphery

toward the center, the following structures are to be observed,

some

examined under a microscope

30):

1.
com

from

2. Outer Cortex (hypodermis), a zone of several layers of

thick-walled, lignified, fibrous cells separating the rmis

from main

mis

3.

cells same

ayers of more or less isodiametric

length, breadth and thickness)

with thin cellulose walls and containing stored starch surrounded

by a protoplasmic investment. Intercellular-air-spaces occur

many P

fundamental
osmosis

food. Between the cells are to be noted intercellular-air-spaces,

many of

contents.

ma. resembl

function.

5. Vascular Bundles—These are elongated strands of

water tubes and other tissues which appear in cross section as

isolated spot-like areas. If the rhizome be cut lengthwise they

will be observed to join each other forming an open network.

Branch bundles come off of this network, some of which course
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into the roots and others into the leaves. Upon reaching the

blade of the leaf, they branch in such a way as to form the char-

acteristic veins of that organ. These are of two kinds, viz.:

stem leaf-

smaller

as seen in cross section,

bundles. The leaf trace bundles are

s seen. Both are of elliptical outline,

id are embedded in the parenchvma
form the broad central matrix. The stem bundles are

comparatively broad and, as viewed in

longitudinal sections, form a continuous

network with good-sized meshes, each

mesh being opposite the point of insertion

of one of the leaves (see Fig. 29). In

transverse section these bundles are seen

to be usually ten in number and arranged

in an interrupted circle within the funda-

mental tissue. The leaf-trace bundles are

comparatively narrow and are observed

to come off of the stem-bundles and pass

network of vascular bundles out through the cortex into the leaves
in the stem of Dryopteris (fronds). When each "bundle" is ex-
fiilix-mas. B, A portion of . , j . .

the same more highly mag- amined under a high-power magnification

nified. At L are the inter- it is seen to be composed of: (a) an
stices over which the leaves endodermis or bundle sheath, a single layer
are inserted; at G are bran- r 11 -^l 11 • 1 n i 1

ches (leaf trace bundles)
of Cells Wlth Yellowish walls and granular

passing into the leaves from contents enveloping the bundle; (b) a

Fig. 29.

(Sayre.)

oemn vascular bundles, pericycle

one to three layers of delicate thin-walled

cells, rich in protoplasm; (c) aphloem, a broad zone of tissue formed
ofphloem cells, with thin cellulose walls and protoplasmic contents,

which convey sugar in solution from the leaves to the roots, and
broader sieve tubeswhich, appear polygonal in transverse section and

same

formed
walled xylem cells which conduct sap slowly and store food, and
scalarijorm tubes or tracheids which conduct crude sap (water

with mineral salts in solution) rapidly from the roots to the leaves

(fronds). The scalariform tubes in lengthwise view have ladder-

like thickenings in their walls which alternate with thin areas.
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X o
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u

u
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Since the xylem is surrounded by the phloem, the vascular bun-

dle is of the xylocentric type. Strictly speaking, the endodermis

and pericambium are accessory regions, surrounding, but not

part of the bundle proper.

Histology of Growing Apex,—When the bases of the leaves

of the current year, the young rolled up leaves of the following

year and the large mass of brown scales have been removed

from around the apical bud of a well-grown plant, the following

structures may readily be observed with a hand lens:

1. The Apical Gone (punctum vegetationis) , a rounded papilla,

which occupies a terminal position in the apical region.

a.c.
m.

Fig. 31.—Apical cell of a fern rhizome in vertical longitudinal section. a&9

apical cell; h, hair; m, meristem. (After Hofmeister.) Sedgwick & Wilson's General

Biology, Henry Holt & Co.

2. The Young Fronds, arranged around the apical cone.

Upon removing the extreme apex of the apical cone with a

sharp razor, mouting in dilute glycerine or water and examining

under low power, it will be noted that a large pyramidal cell

occupies the center of the apical cone. This is the apical cell

(Fig. 31). The cells surrounding it have been derived by

segmentation (cell-division) from it, by means of walls parallel

three sides: thev are termed

the entire stem t:

become modifiedand leaf tissue. Step by step the t

epidermal, cortical, bundle and fundamental

Histology of Mature Root.

distance above the root apex will present the following structures

for examination: (See Fig. 32).

some
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1 . Epidermis, of epidermal cells whose outer walls are brown.

Some of these cells have grown out as root hairs which surround

soil particles and absorb water with mineral salts in solution from

the soil.

p
2

pIG 32.—Cross section of a fern root. Photomicrograph, showing the central,

radial diarch bundle and surrounding tissues. Scalariform tracheids of xylem

(en); cortex (co). X 300.

(p
l and />

2
); pericambium (p

2. many layers of cortical parenchyma

brown walls. The outer layers of cells of this region are thin-

walled, while the extreme inner ones are lignified and form a

sclerenchymatous ring which surrounds the endodermis.

3. Endodermis, a single layer of cells tangentially-elongated,

whose radial wails are lenticularly thickened.
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(Pericambium), usually of one or two layers of

sm This
region surrounds the single bundle.

5. Radial Vascular Bundle, consisting of two oem
oem

ylem

em arms of scalariform tubes (tracheids) and a few

6. Lateral Rootlets, which take origin in the pericamb
Histology of Root Apex.—Microscopic examination si

com
triangular apex-cell of the root. From

apex cell segment cells are cut off as calyptrogen cells. These, by
dividing, form the root cap. The root cap or calyptra consists of a
mass of loosely attached cells which forms a protective covering
around the tip of the root.

From the inner sloping sides of the apex cell the segment cells

divide to form three primary meristems. These are (1) the
dermatogen which, by repeated division of its cells, originates the
epidermis (outer protective covering of the root), (2) the periblem,

related tissue.

plerome originating the

mineral

Flow.—The crude sap (water with

osmosis

em and through this to stem xylem, thence through
stem xvlem

Histology of Stipe (Petiole) .—This, in transverse section,

from

(S

1. Epidermis, a single layer of epidermal cells with dark
brown outer walls.

2. Outer Cortex (hypodermis) , a wide band of small cells

with lignified walls.

of leaf-trace bundles.

similar to inner cortex of stem b

4. Pith, of fundamental parenchyma, similar to same

numbe
rhizome, in the outer region of which are embedded
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circle. em mass

oem mass p—

cambium and an endodermis or bundle sheath.

Histology of a Pinnule.—When transverse and surface

sections of the pinnule are studied microscopically, the following

structural details will be observed (See Fig. 34)

:

.-*./

Fig 33 —Transverse section of stipe of Dryoptens Filix-mas showing epidermis

to* hypodermis (k); inner cortex (ic); concentric fibrovascular bundles, one of

which is shown at (b); endodermis (en); pericambium (/>); xylem (x); and phloem

(/>). (Photomicrograph.) X 50.4.

1 . Upper Epidermis, of wavy

flat u dermal cells, devoid of stomata

but with rather thick cuticle.

2. Mesophyll, a region between the upper and lower

ermis consisting largely ma tissue which is

traversed by vascular bundles. The chlorenchyma contains

irregular shaped, chlorophylloid cells, with abundant chloro-

plasts. Intercellular-air-spaces are found between various

cells which are larger in the lower than in the upper region.
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Internal glandular-hairs with greenish oleoresin contents are

nientiy to oe discerned projecting into many
3. Xylocentric Vascular Bundles or lam
ribute sap to, and carry sap from the mesonli These are

Fig. 34.—Structure of the Fern Pinnule. (Drvobteri* Pili ^ , ,

epidermis in surface section. B, upper epidermis ir,!/™^' A
'
l0Wer

-ction of mid-vein and adjacent in^^^^l^T «*• C
>
«-

.f marginal region, v, epidermal cells below a vein- t

^ cross section

nucleus; c, chloroplastid; sv, sap vacuole; chl chlorerU'
a;

,

gc
> %uard cells

: «>

internal glandular hair; «, intercellular-air-space- • ^ colIenchyma; gh
xylemj pe, pericvcle; en, endodermis: tub »r!Z ' '\^ tlSSUe (phloem); xyy

dermis

endodermis; mp t upper epidermis

seen to be embedded in the chlorenchvma of *l
The xvlem nortion of each hnnrfi- :. -Y

.

the meso

approach the collateral type.

leaf
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4. Endodermis, a continuous layer of cells whose radial and
inner walls are more thickened than the outer walls and which
surrounds each bundle and binds it in place.

Between the endodermis and the vascular bundle will be noted

one or more layers of thin-walled Pericycle cells. In the regions

of larger bundles, collenchyma tissue composed of thick-angled

cells occurs between the endodermis and the two epidermal layers.

5. Lower Epidermis of wavy-walled, flattened, chlorophyl-

loid cells with thin cuticle and many stomata (breathing pores).

Each Stoma is surrounded by a pair of crescent-shaped guard

cells which regulate its opening and closing. The upper and

lower epidermis are continuous around the laminar margin.

Comparative Physiology of Root, Stem and Leaf

(Frond).—The primary function of the roots of the Male Fern is

that of Absorption of water with mineral salts in solution. The
secondary function is that of Support for the stem, the tertiary,

that of Storing Foodstuffs to tide the plant over the season when

vegetative activities are lessened. Water is the most essential

of all materials absorbed by vegetable organisms. It is found in

the soil surrounding the soil particles with certain mineral salts

dissolved in it. The delicate root-hairs with thin cellulose walls,

protoplasmic lining and sap denser than the soil water, are firmly

adherent to these particles. The soil water diffuses through

these walls by osmosis and comes into relation with the outer

plasma membrane or ectoplasm, a delicate protoplasmic membrane,

which has the power of selecting what it wants and rejecting

what it does not need. In this way only such solutes as are of

value to the plant are admitted. The water with mineral salts

in solution, once within the root-hair protoplast, is called "crude

sap." This passes through the hair into the cortical parenchyma

cells which are in contact with the scalariform tracheids. It

passes from one cortex cell to another by osmosis and, under con-

siderable root pressure, is forced into the scalariform tubes of the

xylem. Therein it is conveyed upward by root pressure through

the tracheids of the stem bundles into those of the leaves and

finally osmoses into the leaf parenchyma cells (mesophyll).

Carbon dioxide (C02 ), from the air, enters the leaf through

the stomata. From the stomata it moves through the inter-
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m
it is absorbed. Within the mesophyll cells are found small
chloroplasts composed of protoplasm and chlorophyll. The
kinetic energy of the sun's rays is absorbed by the chlorophyll,
which renders the energy of the absorbed light effective in break-
ing up the C02 and H2 into their component elements C, H and
O, and in rearranging them in such a way as to ultimately form
sugar. This process is called Photosynthesis. The stroma of

Fig. 35. -Demonstration of the production of starch in illuminated parts of
foliage leaves. A, leaf with piece of cork attached which cut off the direct rays
of the sun. B the same leaf decolorized and treated with iodine after removal of
cork 24 hours later to show that starch was removed from the shaded spot and not
replenished. The illuminated portion turned blue on addition of iodine an indi-
cation of an abundance of starch. C, the entire leaf was shaded exceo't the oart
indicated by letters CHO. (Mottier.)

P C part

formed
manufacturing starch from

CO
o

H 2 to form CH 2 (formic-aldehyde) six m
The nascent G is linked with

form grape sugar or glucose (C fiH

mculty
formaldehyde is em

Willstatter

The

so cannot be
mediate product of carbon dioxide assimila

I
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tion. According to the theory of Willstatter which is not as yet

generally accepted, C0 2 is first united with chlorophyll to form a

compound, the atoms of this compound become rearranged to

form a peroxide which later is decomposed by catalytic enzymes
with the liberation of free oxygen. The formation of starch may
be expressed by the following equation: 6G0 2 + 5H 2

removed from

G 6Hio05 + 6O2. The molecules of glucose and
stored-up energy. A portion of the grape sugar is

solution by the chloroplast and converted into starch which is

stored up within it; another portion is used to nourish the proto-

plasm of the cell. But the greater portion of sugar manufactured

descends in solution through the phloem cells of the bundles o[

the veins, mid-rib and stipe to the stem or roots, where it is

removed from solution by the action of the leucoplasts which

convert it into reserve starch.

Sugar and starch, however, are not the only food materials

manufactured in the leaf. Proteins are likewise formed. These

are composed of carbon, hydrogen, oxygen, nitrogen, sulfur and

sometines phosphorus. They are formed from grape sugar

with the addition of nitrogen and the other elements by the living

protoplasm. The source of nitrogen, sulfur and phosphorus is

the mineral salts which are found in the crude sap. These

proteins descend through the sieve tubes of the veins, midrib and

petiole to the stem and roots, nourishing all of these parts with

protein material. The surplus protein material is stored in

various cells for future use.

Not all of the water carried to the green cells of the leaves by

the tracheids is used in the manufacture of sugar and starch.

Some of it is employed in chemical reactions taking place within

the cells and, some by the protoplasm itself of these cells for the

purpose of repair. Whenever there is a surplus of water in the

cells of the leaf, some of it escapes into the intercellular-air-

spaces as water-vapor. When the humidity of the external

atmosphere is less than that of the air-spaces, the water vapor

passes out through the stomata. The passage of water vapor

through the stomata is called Transpiration.

All of the living cells of root, stem, leaf as well as other organs

of the fern require oxygen. This gas enters the plant through the
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stomata and passes into the intercellular-air-spaces of all of the

organs which communicate one with another throughout

the entire plant. It diffuses through the cell walls lining these

spaces into the cells. H
them. Oxidation of glucose, etc.

similar to the combust

md not accomoanied \ The
chief products of oxidation are carbon dioxide and water.

The oxidation of food materials within the cells of organisms

is called Respiration. The carbon dioxide resulting from this

process diffuses through the walls of the cells into the intercellular-

air-spaces and finally passes out through the stomata. When
food materials such as grape sugar undergo oxidation, their

(kinetic energy). This energy is utilized by ti-

the cell in carrying on its various kinds of works.

motion

sm

ration may be expr

C 6H 12 6 + 60
Glucose Oxygen

6C0 2 +
Carbon

Dioxide

6H 2

Water

Respiration differs from photosynthesis in the following

particulars:

Respiration

1. It occurs in all living cells.

Photosynthesis

1. It occurs only in cells containing
chlorophyll.

2. It takes place during the day and the 2. It takes place only during the day
night. under natural conditions

3. Oxygen is absorbed and carbon 3. Carbon dioxide

dioxide is set free. oxygen is set free.

is absorbed and

4. Carbohydrates are combined with 4. Carbohydrates are formed.
oxygen and oxidized.

5. Potential energy is released from the 5. Kinetic energy is stored in the food
food molecules as kinetic energy.

6. It is a destructive process. 6. It is a constructive process.

energy

There is another process which goes on in the various cells of
these organs. It will be recalled that the surplus glucose is

form

proteins are also stored.

key can be used by the protoplasm

surplus

ie form

1
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repair and growth. In order to be serviceable for these purposes,

they must be changed into water-soluble products. This is

accomplished through the activity of substances called enzymes

which are manufactured by the cell protoplasm. The process

whereby water-insoluble foods are converted into water-soluble

products is called Digestion.

Histology Spo-

rangia. '/>

P

mid-vem than the mar d

Fig. 36.—Sporangia of an undetermined species of fern; li, lip-cells; an, annulus;

st, stalk; sp, mature spores. Each of the four nuclei in the upper cells of the stalk

-pll nf one of the four rows of cells that compose the stalk. (Gager.)
terminal

ermis called thewith a membranous expansion of the epic

indusium. The whole is called a sorus (Fig. 28A) (pi. sori) and

contains many sporangia Each sp is compoi

comprisin

of:

dermis of the pinnule

most

a covering wall of thin-walled, flattened cells, within which will

be noted a marginal ring of cells, with walls having U-shaped

thickenings, and called the annulus. Beneath the wall of an

immature head of a spore case occurs a tapetum of a single layer of

her cells. The snore mothermo
form

four spores which later separate as matur *P During

chromo

somes takes place from the number

{diploid number iploid number he^|pecies or
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3rophyte number, so

mber of chromosomes

ame

com
with band-like markings called an exosporium, an inner thinner

wall or endosporium, and within this a mass of protoplasm con-

taining a nucleus.

The sporophyte generation ends with division of the spore

mother cell to form a tetrad of voting snores.

History of the Gametophtye or Sexual Generation

gametophyt

sporangium

Dissemination.—As was
r

previously indicated, each sporangial head had a row of cells

with U-shaped thickenings around the margin called an annulus.

them
mm matures, the water escapes from

The thinner walled cells at the side of the spore case opposite
the annulus, unable to stand the strain, are consequently torn;

made
lum

ne sporangium

Germination.

The annulus then recoils and hurls the spores out

moist
germinates, producing a delicate, green, septate filament called a
protonema. One end of this structure shows larger cells, which,
by the formation of oblique walls, cut out an apical cell of some-
what triangular shape. This is the growing point of what
eventually becomes a mature, green, heart-shaped body called
the prothalhum or "pratiudlus" The prothallium, about the
size of an infants finger nail, develops on its under surface
antheridia, or male

female
organs and rhvuk or hair-like absorptive structures. The
anthendta appear three ,o five weeks after spore germination.They are hem.sphencal m shape and are situated among the
rhizoids toward the posterior end F*rh ,»^u -j- ?
c th^ ™ii~4 11 u- ,

anthendium consists ofa three-celled wall which completely surrounds the spermatocytes
or mother-cells of the spermatids. Within eachJ^S
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asm arranges itself in a spiralthe protop

spermatozoid, a spiral, many ciliated, male

to four weeks after the maturation of th

gonia makes their appearance toward th

forming a

From two

p

Since they appear later than the antheridia they are not likely

to be fertilized by spermatozoids from the antheridia of the same

*~:
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Fig. 37. roup of fern prothallia growing on the surface of soil. Young sporo-

phytes are developing on some of the prothallia. (Gager.)

>osed of a venter, neck.mm Each archegonium com

n«:A canal-cells, ventral canal-cell, and wi/m or egg-cell (see Fig.

38B). The neck is composed of cells arranged in four

forming from

mm
and ventral canal-cell. urn is embedded

cushion just beneath the ventral canal-cell. Upon the matura

m, the canal cells are transformed
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mucilaginous substance which fills a canal extending from

mouth) to the ovum

-»*

Fig. 38—,4, under surface of a fern prothallium showing archegonia (/),

antheridia (m) and rhizoids (r); B, immature archegonium showing binucleate
neck canal cell (n.c.c), ventral canal cell (v.c.c), and egg (e); C, mature arche-
gonium showing sperms (s.p.) moving through neck canal (n.c.) toward ovum (*);

ad venter (v). All highly magnified.

During wet weather the mature antheridial wall bursts

open and the many ciliated spermatozoids escape into the water.
These, moving in the water, are drawn by the chemotactic
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malic acid to the mouths of the archegonia of another prothallus,

and, passing down the canal of each of these, gather around the

ovum. One, probably the best adapted, fuses with the ovum
and fertilizes it forming a zygote {oospore) or fertilized egg. This

completes the gametophyte generation.

Origin of New Sporophyte Plant from Fertilized Egg

The fertilized egg now divides into hemispheres, then into

quadrants and again to form eight cells arranged in a spherical

mass and called octant cells. The octant cells divide to form a

many celled embryo which shows the following parts :foot rudiment,

root rudiment, stem or rhizome rudiment, hair rudiments, and first leaf.

Growth of Embryo into Mature Sporophyte.—The foot

rudiment develops into the foot which obtains nourishment from

an :
sp.

Fig. 39.

—

A, median longitudinal section through immature antheridium, and

cell of prothallium showing prothallial cell (/>), and antheridial wall surrounding a

number of spermatocytes; B, similar section through mature antheridium and cell

of prothallium showing fully developed spermatozoids (s.p.) enclosed by wall of

antheridium (an). Both highly magnified.

parasitic

,

downward into the soil.

ium, upon which the young sporophyte is for a time

The root rudiment becomes the first root which grows

stem rudiment becomes

which, with the first leaf, turns upward. In a few weeks the

prothallus decays and the sporophyte is established as an inde-

pendent plant. More leaves (fronds) and root

formation

mature sporophyte which presents for examination: (1) a

fronds

stipe or petiole
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sori are developed.

pinna or lobes and p

Alternation of Generations.—It will be observed that in

Male

Fig. 40.—Pteris (The brake fern). A. Early stage in development of embryo

from oospore showing division of octant cells to form: /, foot rudiment; s, stem

rudiment; b> first leaf rudiment; w, root rudiment. B. Later stage in the develop-

ment of embryo; /, foot embedded in archegonium (aw) of prothallus (pr); s,

young stem; b, young first leaf; w, young root. A, after Kienitz-Gerloff; B, after

Hofmeister. (From Strasburger*s Lehrbuch der Botanik.)

i

I

I

1

I

Garnetophijte

VoQ 4

Sporophtjt

3

Fig. 41 .—Diagram of life-cycle of a fern. 1, Mature sporophyte; 2, sporangium;

3, spore mother cell; 4, tetrad; 5, spores; 6, germinating spore; 7, prothallus; 8,

archegonium; 8a, antheridium; 9, ovum; 9a, antherozoid; 10, fertilization; 11,

zygote. (Gager.)

tions, one, a sporophyte or asexual generation which begins

with the zygote (or oospore) and ends with the division of the

spore mother to form tetrads of spores; a second, the
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gametophyte or sexual generation, beginning with the spore and
ending with the fertilization of the egg to form the zygote or

oospore. The sporophyte gives rise to the gametophyte which in

turn gives origin to the sporophyte. This is called "alternation of

generations"

During this alternation of generations, a series of nuclear

changes takes place in which the diploid chromosomes or full

quota of the sporophyte generation are reduced to the haploid

number in the gametophyte generation. These changes occur

in the mitotic divisions of the spore mother cells to form spores

which contain only half the number of chromosomes found in

the spore mother cell and the rest of the sporophyte generation.

At the time of fertilization the two gametes, antherozoid and

ovum, fuse and restore the full quota or diploid number of

chromosomes to the zygote.



Chapter V

NON-PROTOPLASMIC CELL CONTENTS

The non-protoplasmic cell contents comprise many kinds of

substance of non-living character sometimes referred to as

inclusions in the protoplast. They include inorganic and organic

substances which are_deposited_in the cell as a result of its

physiological activities. Many of them, when separated from

plants, constitute valuable drugs and foods. Some of them like

ucose and other sugars, starch and inulin are products of

hotosynthesis^ others like proteids, fixed oils and fats are formed

from the elements of glucose, still othersjike enzymes are direct

products of protoplasm, and a number of mineral compounds
such as calcium oxalate, calcium carbonate and silica bodies

arejformed as deposits as a result of chemical processes within

the cell.

1 . Sue , ars.—Sugars comprise a group of crystalline substances

found in the cell sap of many plants either free or in combination

with glucosides. They may be divided into two main groups:

monosaccharoses and disaccharoses. The Monqsagcharoses are

atoms of carbon
known respectively as bioses, trioses, tetroses, pentoses, hexoses,

etc. Of most 1m
of wide distribution. Exampl
plants are: (a) Dextrose .(grape sugar), found in the leaves,

stems, fruits, sprouting grains and nectaries of flowers of nearly

all plants; (b) Fructose (levulose or fruit-sugar), commonly
associated with dextrose; (c) D-mannose^ found in the saccharine

exudation of the Manna Ash^Frax

Mountain Ash berries. Upon evaporating the

sap or treating the parts containing these principles with alcohol

they can be crystallized out.

chemic

glass

74
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slide; in this place the section and put on the cover slip. If fructose is present

cuprous oxide crystals will at cnce be formed without warming. If grape sugar is

also present, a gentle warming will produce another crop of reddish-yellow crystals.

If dextrin be present, continued heating will still further augment the number of

crystals. Cane sugar and mannite, on the other hand, will respond negatively to

this test.

The Disaccharoses, having the chemical formula of

C12H22O11, include sucrose, maltose, trehalose, melibiose,

touranose and agavose. Of these Sucrose is the most importa

Tt is found in the stems of sugar cane, sorghum, corn and Mexic

grass; in many fleshy roots notaDly tne sugar Deet; in me sap 01

the sugar maple and various palms; in various fruits, as apples,

cherries, figs, etc., in the nectaries of certain flowers; in honey;

and in a number of seeds. It crystallizes in monoclinic prisms

or pyramids.

When
in a saturated solution of copper sulphate, then quickly rinsed in water, transferred

to a solution of 1 part KOH in 1 part of water, and heated to boiling, the cells

containing the sugar take on a sky-blue color.

nzyme of the yeast, reduces can

enzyme of the same

ferments these forming

Maltose is found in the germinating grains

ferment

starch. It reduces Fehling's solution, formi

one-third less with equal weights.

mucose the

Oriental

Melibiose is formed with fructose upon hydrolyzing the

trisaccharose melitose which occurs in the molasses of sugar

manufacture and in Australian manna.

Touranose is produced upon hydrolyzing melizitose, a

manna
Amer

chemical
Plant, Agave americana.

2. Starch.—Starch is a carbohydrate havingjhe

formula of (CeHioO.^hich is generally found as the first

visible Droduct of photosynthesis in most green plai
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found in or more rarely adhering to the chloroplasts of green

parts of plants in the form of minute granules. This kind of

starch is known^as Assimilation Starch.

Assimilation starch is dissolved during darkness within the

chloroplasts by the action of a starch-splitting ferment called

amylase and passes into water-solution as a glucose which is

conveyed downward to those parts of the plant requiring food.

In its descent, some of the surplus glucose not used by the cells in

Fig. 42.—Cell of Pellionia Daveauana, showing reserve starch-grains. The
black, crescent-shaped body on the end of each grain is the leucoplast. Greatly

enlarged. (Gager.)

medullary

em, Dhloem
form

carried to the underground

Considerable of it, however, is

rhizomes, tubers,

corms

form
grains called Reserve Starch. This type of starch is

generally characteristic for the plant in which it is found. It

constitutes stored-up food for the plant during that period of the

year when the vegetative processes are more or less dormant.
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Structure and Composition of Starch.—Starch grains

vary in shaoe from snheroid^l to nv^l tn mnrhn\d^] to nnivn-^^i

composed of layers of soluble carbohydrate material

in

resembling a m
behavior toward aniline dyes. They c

distinct highly refractile poin

more

h grai

"hilum " which also takes the stain of an aniline dye. The layers

of carbohydrate material stain variously, blue, indigo, purple,

etc., with different strengths of iodine solutions. Each grain is

covered with a stainable elastic membrane.

Starch grains may be grouped, according to the condition in

which they are found in the cells of storage regions into three kinds,

viz. : simple starch grains, compound starch grains andJill starch grains.

Compound
starch grains occur in groups of two, three, four, five, six or

more and are designated as two-, three-, four-, five-, six-, etc.,

compound, according to the number of grains making up the

group. Fill starch grains are small grains filling up the spaces

between the larger grains in storage cells. These are common in

commercial starches.

Method of Examining Reserve Starches.—Many of the

reserve starches are used commercially, such as potato, corn, rice,

maranta, oat, wheat, sago, tapioca, etc., and it frequently

becomes necessary for the microscopist to determine their purity

or their presence in a sample of food or drug. The following

characteristics should be noted in determining the identity or

source of the starch.

1

.

The shape of the grain.

2. Whether simple or compound or both; if compound, the

number or range in numbers of grains composing it.

3. The size of the grain in microns.

4. The position of the hilum, if distinct; whether central or

excentric (outside of the center).

5. The shape of the hilum and the degree to which it is often

fissured.

6. The nature of the lamellae, whether distinct or indistinct;

if distinct, whether concentric (surrounding the hilum) or eccen-
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O o©
o

o <s a

A

o o

O'
C

E

B

D

F
Fig. 43. A, wheat starch grains; B, rye starch; C, barley starch; D, potato starch;

E, Maranta starch; F, Sago starch. Explanation in text.
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mar
hilum)

7. The color of the grains when stained with dilute iodine

solutions; whether indigo, blue, purple, red or yellowish-red, etc.

8. The appearance under polarized light.

9. The temperature at which the paste is formed.

10. The consistency of the paste.

11. Whether the grains are unaltered or altered.*

Characteristics of Important Commercial Starches

Potato Starch (Solarium tuberosum) Rice Starch (Oryza saliva)

Mostly simple, conchoidal or ellipsoidal, Polygonal.

with occasional spheroidal and two- 2 to 10/* in diameter.

to three-compound grains.

Size: 5 to 125/x.

Hilum: circular, at smaller end of grain.

Lamellae: concentric and eccentric.

Simple or two- to many-compound.

Hilum: usually indistinct, occasionally

a central cleft.

Lamellae: indistinct.

Polarization cross very distinct; beau- Polarization cross distinct but no play

tiful play of colors with selenite plate.

MarAnta Starch (Maranta

arundinacea)

Ellipsoidal to ovoid.

Simple.

Size: mostly 10 to 65^.

of colors with selenite plate.

Wheat Starch (Triticum sativum)

Circular grains appearing lenticular

shaped on edge view; simple.

Large grains 28 to 45/z in diameter.

Hilum: a transverse or crescent-shaped Hilum: central, appearing as dot, but

cleft in center or near broad end of

grain, or circular.

usually indistinct.

Lamellae: generally indistinct, when

Lamellae: usually faint, concentric and present in partially germinated

eccentric. wheat, concentric.

Polarization cross very distinct; fine Polarization cross indistinct; no play

play of colors with selenite plate.

Corn Starch (Zea Mays)

of colors with selenite plate.

Rye Starch (Secale cereale)

Polygonal to rounded.
#

Up to 35M . Most grains over 15M in Grains having a similar shape to those

diameter.

Simple.

many

simple.

Hilum: circular or a two- to five-rayed Large grains 25 to 64* in diameter

cleft.

Lamellae: indistinct.

Polarization cross distinct but no

marked play of color with selenite

plate.

Hilum: a star-shaped central cleft or

indistinct in most grains.

Lamellae: indistinct; concentric in partly

germinated rye.

cross

Starch grains may be altered by heat, pressure, adds and enzymes
& '

. .,. t. ^.,~« o cW h up color with iodine w<
starch is starch altered by boiling.

Soluble

r. See

and
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Barley Starch (Hordeum distichon) Buckwheat Starch

Grains having a similar shape to those Compound grains more or less rod-

of wheat starch but frequently tending shaped,

to bulge on one side and so appear 2 to 1 5m in diameter,

sub-reniform; large grains smaller; Hilum: central.

simple. Lamellae: generally indistinct.

Grains appear elliptical to lemon Polarization cross distinct,

shaped in edge view. Large grains

usually 18 to 25/*, occasionally up

to 30jx in length.

Hilum: centric or circular or cleft,

often indistinct.

Lamellae: concentric in partly germi-

nated barley; usually indistinct.

Polarization cross distinct.

Buckwheat Starch {Fagopyrum

esculentum)

Grains simple and compound.

Simple grains polygonal or roun

polygonal.

Fig. 45.—Potato starch, polarized as

Cassava Starch {Manihot

utilissima)

Grains rounded, truncated on one

side.

toSimple or two- to three- or four-

eight-compound.

6 to 35/x in diameter.

Hilum: central, circular or triangular

with radiating clefts frequently.

jecl. Lamellae: indistinct.

Polarization cross prominent.

passing

Fig. 46.—Maranta or Arrowroot

starch under polarized light. Note that

the two dark bands cross at the hilum of

nicol prisms of a petrographic microscope, the two dark bands cross at th<

*]
r

each starch grain. {Schneider.)

{Schneider.)
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Bean Starch {Phaseolus vulgaris)

Ovoid, ellipsoidal or reniform shaped

Canna Starch {Carina edulis and other

species of Canna)

simple grains, occasionally obscurely Broadly elliptical, flattened, with beak
3- or 4-sided. or obtuse angle at one end.

Up to 60^ in length. Generally from Most grains 50 to 135/x in length.

30-35/x. Hilum: excentric near narrower end.
Hilum: central, elongated with bran- Lamellae: concentric and eccentric.

ching clefts.

Lamellae: distinct, concentric. In some
indistinct.

Polarization crosses shaped thus, x*

Pea Starch {Pisum sativum)

Oval-oblong, elliptical or sub-reniform.

Up to 51/x in length. Generally from
20-40M .

Hilum: similar to that of bean starch Larger grains 30-60m long.

Polarization cross very distinct; fine

play of colors with selenite plate.

Sago Starch {Metroxylon Sagu et al. spp.,

Cycas spp.)

Ovoid, muller-shaped, or irregularly

3 or 4 sided with rounded angles.

Some more or less gelatinised.

Simple or 2, 3 or 4-compound.

but less cleft or simply elongated.

Lamellae: distinct, concentric.

Hilum: excentric, often altered by
gelatinisation.

Polarization crosses similar to bean Lamellae: eccentric and concentric.
starch.

3. Dextrin.

Polarization cross distinct.

made from
m

treatment

the application of heat

dextrin). It forms \

much more
When examined microscopically in alcohol mounts, the grains,
while conforming in general outline to those of the type of starch
from which the dextrin was prepared, nevertheless show more
conspicuous striations and clefts. Corn dextrin shows distinct
striations, whereas striations in corn starch are absent. The
grains take on a red coloration with iodine solutions.

4. Amylodextrin. intermed
d

small, irregularly shaped granules, in Mace
form

reddish brown to reddish violet color with iodine solutions.
5. Inulin.

which has the -xhemical form
isomeric

of C 12H 20O20W10 It is found
many

*ita>. If pieces of a plant part containing this substance
be placed directly in alcohol for at least a week, then sectioned
and mounted in alcohol, snh^m^mrptnic ~r • ,1: »n u.

'



NON-PROTOPLASMIC CELL CONTENTS 83

applied to the walls of the cells. When these sections are treated

with a 1 per cent, solution of alpha naphthol in alcohol and 2 or 3

drops of strong H 2S0 4 , the sphaero-crystals will dissolve with a

violet color. Fehling's solution is not reduced bv inulin.

6. Glucosides (Glyco-
sides).—These substances are

very numerous in the plant

kingdom. They arise in the

cell sap of plants containing

them as products ofconstructive

metabolism (anabolism) and — ,- » , . ,

tig. 47.—Inulin, in the form of
are thought by many tO have sphaTO-crystals from the tuber of Dahlia.

the function of protecting plants A, precipitated from an aqueous solution

;

against the ravages of animals. B
>
precipitated within the cells by long

, standing in alcohol. (From Stevens, after
Some are known to serve as

Sachs
n

reserve food. All glucosides

are characterized by the property of being split up into glucose

and other substances when acted upon by an enzyme, dilute acids

or alkalies.

Examples of Glucosides

Hesperidin .—Hesperidin is a glucoside having the chemical

formula of C21H26O12. Like inulin it occurs in solution within

the cell sap. It is found in abundance in the Rutaceae family but

occurs in many other plants. (See Fig. 85A.)

If sections of alcoholic material containing this substance, such as Buchu leaves

or unripe orange peel, are mounted in alcohol and examined, sphaero-crystals will

be seen. If these are then treated with a drop of alpha naphthol solution and 2

or 3 drops of strong H2SO4, they dissolve with a yellow color. The same coloration

is evident when 5 per cent, solution of KOH is substituted for the alpha naphthol

and H2SO4.

Strophanthin.—This is a glucoside occurring in the cell sap

of the endosperm of Strophanthus Kombe, S. hispidus and other

species of Strophanthus. If sections of fresh Strophanthus seeds are

mounted in a drop of water and then transferred to a drop of con-

centrated H 2S0 4 , the cells containing strophanthin will assume a

bright green color.

^SALiciN^-Salicin is a glucoside occurring in the cell sap of the

bark and leaves of the Willows and Poplars. Sections of these
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mounted in concentrated H 2S04 will show a red coloration in the

cells containing this substance. If water be added, a red powder

is thrown down.

iL&EONjNS are glucosides which have the property of frothing

with water. They are found in Soap Bark, Senega, Saponaria,

Yucca and other drugs and take a red color with strong H2SO4.

Coniferin is a glucoside, occurring in the cell sap of the

spruce, pine, and other plants of the Conifera. If sections con-

taining it are first treated with a solution of phenol and then with

sulfuric acid, the cells containing it take on a deep blue color.

[toxin, a glucoside found in the leaves of Digitalis pur-

purea, is colored green with hydrochl

common
Rose and Legume families. They yield hydrocyanic acid when
hydrolyzed by enzymes or other agents,

7. Pentosides.—These are substances related chemically

to glucosides, differing from the latter in yielding pentose as one

of_the products, when decomposed (hydrolyzed) by enzymes,

dilute acids, etc. The aloins found in the juices of various

species of Aloe are examples of these principles. One of these,

"barbaloin," found in the official Aloe gives a greenish fluores-

cence in aqueous solutions, when the latter are saturated with

borax.

8. Alkaloids.—Chemically, these are basic carbonaceous

amines which like glucosides are products of metabolism. Their

method of formation in plants is uncertain. Some hold that

they are katabolic products, resulting from the breaking down of

tissues, while others believe them anabolic in character. They
undoubtedly serve as defensive agents in plants containing them
on account of their bitter taste and poisonous properties.

Properties of Alkaloids

lkaloids are invariably found in combination with acids

forming „,salts_which dissolve in_water or alcohol. They are

composed of carbon^ydrogen and nitrogen. Some contain

oxygen. They are precipitated from saline solutions by the

moaddition of alkalies.

They can be precipitated by one or more
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loidal reagents: tannic acid, gold chloride, phospho-molybdic

acid, picric acid and potassio-mercuric iodide (Maver's reagent).
*

Examples of Alkaloids

Strychnine.—This alkaloid, with a chemical formula of

C21H22N2O2, occurs in the seeds of Strychnos Nux-vomica^ Strychnos

Ignatitand other species of Strychnos. When sections of strychnine

containing seeds, previously defatted with petroleum ether and

absolute alcohol, are mounted in a solution of 1 Gm. ammonium
vanadate in 100 cc. of sulfuric acid, they take on a violet-red

color which later changes to brown. Strychnine itself produces

with sulfuric acid containing 1 per cent, ammonium vanadate a

deep violet-blue color changing to a deep purple and finally a

cherry red. It crystallizes from alcoholic or aqueous solutions,

forming rhombohedral crystals.

Brucine .

—

This is another alkaloid obtained from Strychnos

seeds having the formula of C23H26O4N2. It crystallizes from

watery solutions in the form of monoclinic prisms. Nitric acid

imparts to it a red color.

Nicotine.—This is a volatile alkaloid having the formula of

C10H14N2 which is found in the Nicotiana genus of the Nightshade

family. Sections of tobacco leaves or stems mounted in dilute

LugoPs solution will show first a carmine-red color and then a

reddish-brown precipitate which in time loses its color.

Caffeine.—This alkaloid, with a formula of C 8HioN402 +
H 20, occurs in Tea, Coffee, Mate or Paraguay Tea, Cassine,

leaves of Ilex vomitoria or Yaupon, and seeds of Kola, Cocoa, etc.

If thin sections containing it are placed on a glass slide in 2 or

3 drops of concentrated hydrochloric acid and gently heated and

then 2 or 3 drops of gold chloride solution are added, the sections

then pushed to the side and the liquid allowed to evaporate,

slender, yellowish, branching needles of caffeine gold chloride

will be seen to separate.

Cocaine.—This narcotic alkaloid, having the formula

C17H21NO4, is found in the leaves of Erythroxylon Coca and E.

Truxillense. If sections of these leaves are prepared in the same

manner as indicated for those containing Caffeine, but platinum

chloride solution substituted for that of gold chloride, large
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feathers or fern frond crystals of cocaine-chloro-platinate will be

seen separating.

Aconitine (C34H47O11N) is found in various parts of Aconitum

Napellus. It is particularly abundant in the tuberous root of this

Fig. 48.—Cocaine chloroplatinate crystals, X 100

V
rf*

- I

*"

t X W
Fig. 49.—Morphine. Orthorhombic prisms from alcoholic solution of this alkaloid.

X 120.

plant. If sections of aconite root are treated on a glass slide with
solution of potassium permanganate, a red precipitate of aconi-

tine permanganate will appear in the cells containing this

alkaloid.

Morphine (C 17H 19 3N), the chief active principle of Opium,
crystallizes from alcoholic solutions in orthohombic prisms and
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acicular crystals. m
mor

green and then to brown.

Codeine (Ci H21O3N.H2O), another alkaloid occurring in

Opium, produces with sulfuric acid containing 5 cc. of selenous

acid in each cc. a green color which changes rapidly to blue,

then slowly back to green.

Fig. 50.—Codeine phosphate crystals from aqueous solution. X 120

corm

and seeds of Colchicum 'autumnale. It is very abundant in the cells

corm If a section

corm or seed be treated with a mixture

H 2S0 4 and3partsofH

colored yellow. If a ci

will change to a brownish-violet.

KNO

9. Gluco-alkaloids (Alkaloidal glucosides) .—These are

com termediat in nature between alkaloids and

glucosides, having characteristics of each. To this group belongs

poisonous alkaloidal glucoside with a saponin-hke
SOI (1711716* a piyi^^**-'-— — —

action which is found in the potato {Solarium tuberosum), in

Solarium nigrum, Solarium Dulcamara, Solarium carolinense and other

species of the Solanacea. When sections of those plant parts
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which contain this constituent are mounted in a solution of 1 part

of ammonium vanadate in 1000 parts of a mixture of 49 parts of

sulfuric acid with 18 parts of water, the cells containing solanin

take on a yellow color which changes successively to orange,

A

V
B

A

D

C

44
A

E
o

G

F
Fig. 51. rms

saponaria
A, styloids from the

C, raphides from the bulb of Urginea maritima; D, crystal fiber as seen in longitudinal

micro
san

and G. twin
All

various shades of red, blue-violet, grayish-blue and then
disappears.

kingdom.

rystalline

H 8N2 + H amino com

slime molds

Asp
officinalis and Atrop
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tubers of Solarium tuberosum and varieties of Dahlia, and is known

to play an important part in metabolism. Stevens claims that

proteids are reduced for the most part to

ermination 5 are cut from a plant part

mounted in alcohol, rhombohedral

form

the evaporation of the alcohol. If to these a few drops of a satu-

rated solution of asparagine are added the crystals already formed

will increase in size. To get satisfactory results the saturated

solution must be of the same temperature as the mount.

11. Calcium Oxalate.—This substance occurs in many

plants always in the form of crystals. It is formed by the reac-

tion of salts of calcium, which have found their way into the cell

sap from the soil, with oxalic acid which is manufactured by the

plant as a by-product of protein synthesis and other metabolic

processes. Calcium oxalate crystals dissolve readily in mineral

acids without effervescence. They are insoluble in acetic acid or

water. form

monoclinic or tetragonal system. (See Fig. 51.)

-xflnno-intr to the monoclinic svstem possess 3 axes

unequal length, two ofwhich are obliquely inclined to each other,

forming They appear

mor

system. i

Crystals belonging to the tetragonal system have 3 axes at

right angles to each other; two of the axes are equal in length, the

third being of a different length.

Crystals belonging to the Monoclinic System and

Examples of Drugs Containing Them:

1. Solitary—Hyoscyamus, Acer Spicatum, Viburnum

Prunifolium.

2. Rosette Aggregates (Druses)—Althaea, Gossypii Radicis

Cortex, Stramonium, Granatum, Rheum, Fceniculum, Vibur-

num, Eucalyptus.

3. Columnar (Styloids)—Quillaj a, Iris.

4. Raphides—Convallaria, Sarsaparilla, Veratrum Viride,

Scilla, Phytolacca, Ipecacuanha, Hydrangea.

1 Stevens' Plant Anatomy, 3d Edit., p. 189.
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5. Micro-crystals (Crystal sand)—Belladonnae Radix, Cin-

chona, Hyoscyamus, Stramonium, Phytolacca, Capsicum. This

type is frequent in the Solanaceae family.

6. Crystal Fibers—Cascara Sagrada, Prunus Virginiana, Gly-

cyrrhiza, Aspidosperma, Senna, Viburnum, Unpeeled Calamus.

7. Membrane Crystals—Aurantii Dulcis Cortex, Limonis

Cortex, other Citrus peels, Condurango, Wafer Ash bark.

Solitary crystals, usually in the

form of rhombohedra, occa-

sionally in twin crystals, occur

as sharp angular bodies, each

com

Fig. 52.

the lumen of a cell. Twin

crystals occur in elm bark, hvos-
the Fig (Ficus canca). A

y Cystolith cyamus, etc. They are single
within cystolith sac; B, cystolith from .

i
• i i i

which the calcium carbonate has been Pnsms whlch haVe the ^PPear"

removed for use in other parts of the ance of two prisms united by
plant. B is from leaf that has fallen their flat Surfaces.
off in autumn. {From Stevens after r> .. . j
Haberlandt

)

tiosette aggregates or druses

ramids, or hemihedral

numerous small prisms

axis, appearing like a rosette or star. They often contain an
organic center.

prisms

more

Raphides or acicular or needle-shaped crystals, which fre-

quently occur in bundles in long, thin-walled cells containing
mucilage called raphide sacs. They are

Monocotyledons than in any other plant group.
Crystal fibers are longitudinal rows of superimposed pan

chyma cells each of which contains a single monoclinic prism
rosette aggregate. Crystal fibers are found adjacent to sclen

chvma fibers such as hast or wnnrUr gk~.*

Membrane crystals are monoclinic prisms

membrane. In the process of formation
rystal first is formed in the cell sap and numerous

make their appearance in the protoplasm
some

com (See Fig. 85*.)
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12. Micro-crystals (sphenoidal micro-crystals or crystal

sand) are minute arrow-shaped or deltoid forms completely

filling the parenchyma cells in which they occur and giving these

a grayish-black appearance. While sometimes classified with

the calcium oxalate crystals, they are thought to represent some

other compound as yet undetermined.

13. Cystoliths.—Cystoliths are clustered bodies formed by

the thickening of the cell wall at a certain point and subsequent

ingrowth which latter forms a cellulose skeleton consisting of a

stalk and body. Silica is subsequently deposited on the stalk

while calcium carbonate is piled up on the body in layers, form-

ing an irregular spheroidal or ellipsoidal deposit. These struc-

tures are abundantly found in the plants of the Nettle, Mulberry

and Acanthus families and constitute a leading peculiarity of the

same (see Fig. 52). They also occur in the Combretum and

Borage families, in species of Phlox, Klugia, etc. They are proba-

bly excretory products. Excellent materials for the study of

cystoliths are the leaves of the rubber plant (Ficus elastica) and

the fig (F. carica). Here, the cystoliths appear as stalked

mulberry-like structures suspended from the outer walls of

specialized epidermal cells called "cystolith sacs."

Hair cystoliths differ from the average type in that they are

devoid of a stalk. Such are seen in the non-glandular hairs of

Cannabis sativa.

The calcium carbonate incrustation of a cystolith dissolves

with effervescence on the addition of a mineral or organic acid.

14. Silica.—Silica (Si0 2) occurs in a number of plants

either as an incrustation in the cell wall, as in Diatoms, the

Equisetinea and Graminea or more rarely in the form of "silica

bodies," such as are found in certain Palms and Orchids. It is

insoluble in all the acids except hydrofluoric. It may be

obtained in pure form by placing tissue containing it in a drop or

two of concentrated sulfuric acid and after a time treating with

successively stronger solutions of chromic acid (starting with 25

per cent.) and then washing with water and alcohol.

In a number of members of the Pa Inice, Orchidacea,

Scitaminea, etc. the strands of sclerenchyma fibers are accom-

panied by rows of small, tongue-shaped cells called stegmata.
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In these cells the walls adjacent to the fibers are thickened while

the opposite walls bulge outwards. mass

lumen

15. Tannins.—Tannins are amorphous substances occurring

in plants having an astringent taste, and turning dark blue or

green with iron salts. They occur in greatest quantity in the

bark of exogens, and in gall formations. They are soluble in

water, alcohol, glycerine, and a mixture of alcohol and ether.

They are almost insoluble in absolute ether and chloroform.

They give insoluble precipitates with organic bases such as

alkaloids and with most of the salts of the heavy metals.

According to their behavior with solution of iron chloride or

other soluble iron salts, two kinds of tannic acid are recognized

:

form

Granatum

tannic acid producing a dark green coloration, as that found in

Krameria, Kino, Mangrove bark, Quercus, Catechu, etc.

If sections are placed in a 7 per cent, solution of copper acetate for a week or

more, then placed on a slide in 0.5 per cent, aqueous solution of ferric chloride, and

after a while washed with water and mounted in glycerin, an insoluble brownish

precipitate will be produced in those cells containing tannin.

Braemer's reagent (Sodium tungstate 1 Gm. and Sodium acetate 2 Gm. dis-

solved in 10 cc. of water) is superior to solutions of iron salts in the detection of

tannin, since some other plant constituents give a dark-green or bluish-black color

with iron. It gives a yellowish-brown precipitate.

16. Proteins.—Proteins are complex nitrogenous substances

forming the most important of the reserve foods of plants. They
are found in the cytoplasm, nucleus and plastids of all the living

and many of the dead cells of plants, although most abundant in

seeds. They occur as crystalline or amorphous bodies or in

colloidal solution. Protoplasm, itself, is composed largely

of these substances. They all contain carbon, hydrogen, oxygen,

nitrogen and sulfur, and many contain in addition phosphorus.

They are formed by the addition of nitrogen, sulfur and fre-

quently phosphorus to elements of grape sugar. The nitrogen,

sulfur and phosphorus elements are obtained from nitrates,

sulfates and phosphates which are dissolved in the water taken

in through the roots. All living plant cells are capable of syn-

thesizing proteins from carbohydrates. The process of protein
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synthesis appears to involve the following steps: (1) the union

of molecules of dextrose or some other simple sugar to nitrogen

to form amino acids; (2) the combining of amino acids to form

polypeptides; (3) the building up of polypeptides into simple

proteins; (4) the union of phosphorous or sulfur to simple

proteins to form complex proteins. The names of proteins recorded

may be found by the hundreds. These are grouped into

chemical classes, the most important of which from the stand-

point of their occurrence in plants are the globulins, albumens,

glutelins, nucleins, and gliadins. Of these the globulins are found

most extensively. Globulins are insoluble in water but soluble

in sodium chloride solutions. They do not coagulate upon the

application of heat.

Albumens are soluble in water and coagulate with heat.

Glutelins are insoluble in water, sodium chloride solution and

strong alcohol.

Gliadins are nearly or wholly insoluble in water but soluble in

70 to 90 per cent, alcohol.

Nucleins are insoluble in water but soluble in alkaline

solutions.

The following tests are of value in determining the presence of

proteins:

LugoFs solution (made by dissolving 5 Gm. of iodine and 10 Gm. of potassium

iodide in enough water to make product weigh 100 Gm.) stains proteins yellow or

brown

Concentrated nitric acid stains proteins yellow. This color becomes deeper

ammonia

Milon's reagent (made by dissolving 3 cc. of mercury in 27 cc. of fuming nitric

and

brick-red.

Concentrated solution of nickel sulfate colors proteins yellow or blue.

If sections are placed for an hour or two in a solution of 1 Gm. of sodium

phospho-molybdate in 90 Gm. of distilled water and 5 Gm. of nitric acid, the

proteid substances appear as yellowish granules.

The globulins (phytoglobulins) frequently occur in bodies

called "aleurone grains.
**

Aleurone Grains

small bod I

like starch ristic
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of the genus or species. They are produced by the drying up of

protein-containing vacuoles. Each aleurone grain consists of a

ground substance com of amo proteid matter

soluble in water, dilute alkali or acid), in which are usually

embedded one or more crystalloids or phyt (insoluble

in cold water, but soluble in less than 1 per cent, solution of an
alkali, in dilute HG1 and acetic acid), one or more transparent,

globular globoids composed of Ga and Mg phosphate (insoluble

in water and dilute potash solution but soluble in 1 per cent,

acetic acid solution), and frequently a crystal of calcium oxalate,

water). (Fig. 53#.)

protopi

Fig. 53.—To show Aleurone Grains. A, cells from cotyledon of seed of garden
bean; n, aleurone grain; w, starch: B, cell from endosperm of castor bean; a,

aleurone grain; /, ground substance; k, phytoglobulin; f, globoid. (A, After Sachs;
B, After Frank.)

The proteins insoluble in the cell-sap water are made soluble
for translocation by means ofproteolytic enzymes which change them
into proteoses and peptones.

17. Mucilages and Gums are those substances occurring
in plants which are soluble in water or swell in it, and which are
precipitated by alcohol.

Mucilage is formed in plants in several ways, viz.; either as a
product of the protoplasm, as a disorganization product of some of
the carbohydrates, as a secondary thickening or addition to the

mucilagi

mucilage.

metamorph two

Mucilage

many other Orchids and also in the seeds of some
Leguminosa as Fenugreek, etc.
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Mucilage

lzomes ol 1 nticum

in certain cells of many other Monocotyledons, especially those

containing raphides.

Membrane Mucilage has been observed in Buchu leaves,

Elm bark, Psyllium seeds, in Althoea, Linum, Astragalus, and

Acacia species, in the Blue-green Algae, and many of the Brown

and Red Algae.

Gum.—When mucilage is collected in the form of an exudate

from shrubs and trees it constitutes what is termed a gum. Chem-

icallv sums consist of srlucosidal acids combined either partly

completely with calcium, potassium and magnesium Ma
gums are used in pharmacy, medicine, and the arts. The four

most important from a pharmaceutical standpoint are: Acacia,

yielded by Acacia Senegal and other species of Acacia; Tragacanth,

#
from

ties; and Red Gum obtained from Eucalyptus rostrata and some

other species of Eucalyptus.

Mucilage may be demonstrated in plant tissues containing it by placing sections

of these in a deep blue solution of methylene-blue in equal parts of alcohol, glycerin

and water on a glass slide, allowing them to remain in the solution for several min-

utes, then draining off the stain and mounting in glycerin. Those cells containing

mucilage will exhibit bluish contents of deeper aspect than other elements.

18. Fixed Oil and Fats.—These are fatty acid-esters of

formed

from which they may

upon treating sections with chloral hydrate or sulfuric acid or

them. The fats differ from
temperature

chloroform

volatile oils but insoluble in water, and, with the exception of

castor oil, insoluble in alcohol. They are readily distinguished

from

which does not disappear. Fixed oils and fats take a brownish
• i _1 1 . *iL _11 •—

osmic

Sudan III and a blue color with cyanin. In Vaucheria, the

Diatoms and a few of the other Thallophytes, fixed oil is formed
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in the chromatophores instead of starch as the first visible product

of photosynthesis. In higher plants it is generally found in

ma
medullary-ray cells and the parenchyma of barks, roots and

rhizomes.

19. Waxes.—These are esters of fatty acids which differ

forming

monatomic

insoluble in water.

The characteristic bloom on the epidermis of fruits of

junipers, plums and grapes and the glaucous surfaces of many
leaves are due to waxy coatings. Three types of waxy covering

occur on plants. The most common type consists of densely

crowded granules as seen on the leaves and stems of many lilies,

grasses and irises. On the nodes of the sugar cane the covering

assumes the form of a layer of vertical rods, rolled or hooked at

their distal ends [Fig. 68(3)]. On the leaves of the houseleek

(Sempervivum) and the wax palms it occurs as a crust interspersed

with cracks. On the fruits of the wax myrtle and bayberry this

wax crust is secreted by glandular emergences.

Wax serves as an effective control over transpiration by the

epidermis. It also gives rigidity to the epidermis, lessening the

compression and distortion of subjacent parenchyma which is

apt to occur from its contraction during loss of water.

The more important vegetable waxes of commerce are

Carnauba Wax, from the leaf buds and young leaves of Copernicia

cerifera, the Brazilian Wax Palm, Myrtle or Bayberry Wax from
the fruits of Myrica cerifera, M. carolinensis and M. xalapensis,

and Japan Wax from the fruits of Rhus succedana, R. vernicifera

and R. sylvestris.

20. Volatile Oils.—These are volatile odoriferous princi-

ples found in various parts of numerous plants which arise either

as a direct product of the protoplasm or through a decomposition
of a layer of the cell wall which Tschirch designates a "resino-

genous layer." They are readily distilled from plants, together

with watery vapor, are slightly soluble in water, but very soluble

in fixed oils, ether, chloroform, glacial acetic acid, naphtha,
alcohol, benzin and benzol. They leave a spot on paper which,
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however, soon disappears. They respond to osmic acid, alkan-

nin, Sudan III, and cyanin stains similar to the fixed oils and fats.

Volatile oils may be grouped into four classes:

A. Pinenes or Terpenes, containing carbon and hydrogen

and having the formula of CioHi 6 . Examples: Oil of Turpentine

and various other volatile oils occurring in coniferous plants.

B. Oxygenated Oils, containing carbon, hydrogen and

oxygen. Examples: Oil of cassia and other cinnamons.

C. Nitrogenated Oils, containing carbon, hydrogen and

oxygen with nitrogen (from HCN). Example: Oil of Bitter

Almonds.

D. Sulfurated Oils, containing carbon, hydrogen and

sulfur. Example: Volatile oil of mustard.

21. Resins, Oleoresins, Gum Resins, and Balsams.—These

substances represent products of metabolism in many plants

med either norm

Mastiche
Balsam

and Peru, etc. They occur usually in special cavities such as

secretion cells, glands, or secretion reservoirs.

Resins are amorphous, solid or semisolid, fusible substances

mos

solvents. They combine with alkalies to form soap. Many of

them are oxidized oils of plants. Examples: Guaiac, Rosin,

Mastic.

Oleoresins are secretions composed of resins dissolved in

volatile oil. Examples: Turpentine, Copaiba, Balsam of Fir

and Venice Turpentine.

Gum resins are natural compounds of resin, gum and oil.

Examples: Asafetida, Myrrh, Gamboge.

Balsams are mixtures of resins with cinnamic or benzoic acid or

their esters and frequently both, the esters being generally called

a volatile oil. Examples: Balsam of Tolu, Storax, Balsam of Peru.

If sections of a resin-containing plant part are placed in a saturated aqueous

solution of copper acetate for a week or two and mounted in dilute glycerin, the

resin will be stained an emerald green.

22. Pigments.—These are substances which give color to

various plant parts in which they are found. They occur either
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in special protoplasmic structures, as chloroplasts, chromoplasts

or chromatophores, or dissolved in the cell sap. Of the pigments

named, the following will be considered: Chlorophyll, Xantho-
phyll, Chromophyll, Carotin, Etiolin, Anthocyanin, Phyco-
cyanin, Phycophaein, and Phycoerythrin.

Fig. 54.—Absorption spectra of five different concentrations of chlorophyll a.

The strongest is represented by the lowest spectrum. (From Palladin after Willstatter

and Stoll.)

name
pigments found in the chloroplastids or chromatoph of

leaves or other green parts of plants. composition
definitely known although it yields products similar to the

haemoglobin of the blood when decom Iron is known to

formation and Magnesium, Carbon, Hyd
Oxygen and Nitrogen are components If green leaves

asma membranes, the water

materi
macerate in the alcohol for some time

of the green leaves can be obtained. If a portion of this alcoholic
extract of green leaf be diluted with water to an 85 per cent.

alcoholic solution and xylene or benzine be gradually added
and the mixture shaken, the pigments in solution will break up
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into a yellowish and a greenish portion. The greenish portion

dissolves in the xylene forming the upper stratum

while the yellowish portion dissolves in the alcohol and water

forming the lower stratum. By repeatedly shaking and adding

alcohol to the greenish fraction it can be entirely separated from

the yellowish fraction. The isolated greenish portion of alco-

ments

)phyll a and chlorophyll When
chlorophyll a appears blue-green and chlorophyll

Fig. 55 Absorption spectrum of five different concentrations of chlorophyll 6.

(From Palladin afterThe strongest is represented by the lowest spectrum

Willstatter and Stoil.)

transmi ted light. By reflected light, the

former is blood-red, the latter brownish-red. Chlorophyll a

constitutes 72 per cent, by weight of the green pigments and has,

as so far known, the formula of C bbH 72O hNMg- Chlorophyll h

represents the remaining 28 per cent, and has, as far as is known,

the formula of C55H 70O^Mg- The isolated yellowish portion

of the leaf extract consists of two pigments, carotin and xanthophyll.

examined

concentrations

low and green
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violet-blue zone of the spectrum, the sharpest band being in

the red.

term

or orange pigments found in chromoplastids. Sulfuric acid

forms a blue color with chromophyll.

Carotin or carotene is an orange to orange-red pigment

which has the chemical formula of C4oH 56- It is found accom-

panying the chlorophyll within chloroplasts, but exists separately

in chromoplastids of leaves, flowers, fruits and seeds, as well as in

subterranean parts of higher plants. It is especially abundant

in the roots of carrots. It is readily soluble in chloroform, ether

and carbon bisulfide, slightly soluble in hot alcohol and insolu-

ble in water. When examined with a spectroscope, it shows two

dark bands in the green-blue half of the spectrum. Carotin is

a source of Vitamin A, the growth-promoting factor. It is

changed into Vitamin A in the body.

Xanthophyll is a yellow pigment which accompanies the

chlorophyll in the chloroplast. Chemically it represents an

oxidation product of carotin, having the formula of C40H56O2.

Etiolin is a pale yellow pigment which appears when green

plants are kept for some time in darkness. It is probably identi-

cal with xanthophyll.

Anthogyanins are applied to the blue, purple and red pig-

ments which occur in the cell sap of floral organs, stems, leaves,

roots and fruits. The character of the color is claimed to be

due to the alkalinity or acidity of the cell sap.

Phycogyanin is the blue pigment found in the blue-green

algae, associated with chlorophyll It is soluble in water and
glycerin but insoluble in ether and alcohol.

Phycoph^in or fucoxanthin is the brown pigment found in

the brown algae. It is readily soluble in water.

Phycoerythrin is the red pigment found in many of the red

algae and some of the blue-green algae. It is readily soluble in

water but insoluble in ether and alcohol.

The last two pigments are always associated with chlorophyll

but frequently conceal it.

23. Latex.—This is an emulsion of varying composition and
color found in snecial n^ssacreQ ac l^t-^v rM\c ot^ u+;#»tfi»mti*
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many plants. It may
oil, enzymes

mineral salts. The color may
gum

Oleander; whitish, as in Asclepias, Papaver, Hevea, and Apocynum;

yellowish to orange, as in Celandine^ or red, as in Sanguinaria*

Chlor-zinc-iodine solution imparts to latex a wine-red color.

The latex of the following plants is of value to pharmacy and
the arts:

Papaver somniferum and its variety album which yields Opium.

That from the unripe capsules is alone used for this drug.

Palaquium Gutta and Payena spp. which yields Gutta Pergha.

Hevea species, Ficus elastica, Landolphia species, Castilloa

elastica^ Hancornia speciosa, Forsteronia species, Funtumia elastica

and F. qfricana, Manihot Glaziovii, Clitandra species and various

species of Urceola and Euphorbia furnish most of the Rubber of

commerce.

Lactuca virosa and other species of Lactuca yield the drug

Lagtucarium.

Euphorbia resinifera, contains a white resinous latex which is

gathered as the drug Euphorbium.

24. Enzymes.—An enzyme or soluble ferment or unorganized

ferment (according to Hepburn) is a soluble organic compound
ot biologic origin functioning as a thermolabile (sensitive to

heat) catalyst in solution. Ostwald has defined a catalyst as

an agent which alters the rate of a reaction without itself entering

into the final product, or which does not appear to take any

immediate part in the reaction, remains unaltered at the end

of the reaction and can be recovered again from the reaction

product unaltered in quantity and quality. The biologic

catalysts (enzymes) differ from the inorganic catalysts in that

they are sensitive to heat and light. They are destroyed quickly

at 100°C. and most of them cannot be heated safely above 60°C.

The optimum temperature range for this activity usually is

from 40° to 45°C. Enzymes are soluble in water, dilute alcohol,

glycerin or dilute saline solutions and are precipitated by con-

centrated alcohol. They are colloidal and non-diffusible.

They are. stimulated to activity by substances known as "activa-

tors" and their activity is checked by other substances called
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"paralyzers" Frequently the paralyzers consist of products of

enzyme action. Cold inhibits and warmth accelerates enzyme
action. Moisture must always be present for enzymic activity.

Classification of Enzymes

A. According to Diffusibility through Cell Wall.

Endocellular: Those that cannot diffuse out of the cell.

Example: Zymase of Yeast.

Extracellular: Those that can diffuse out of the cell.

Example: Invertase of Yeast.

B. According to Kind of Substances Acted upon and
Transformed.

i

1. Carbohydrate Enzymes:

Diastase, found in the germinating seeds of barley and other
grains and in Aspergillus oryzce, etc., converts starch to maltose and
dextrin. A:

transformed
microscope, starch

3rm irregular tunnels. Such grains are called corrosion starch.

Invertase, secreted by yeasts, and found in younger parts of

transforms

levulose.

Maltase, found in malt
octosporus, transforms maltose

Trehalase, found in Polyporus, hydrolyzes trehalose to
dextrose.

ind in Nux Vomica an

omposes hemicellulose

mannose

Lactase, found in Kephir grains, hydrolyzes lactose to
dextrose and galactose.

to soluble pectin.

Pectase hydrolyzes the methyl alcohol from
to produce pectic acid.

primary

r .—„, rv^,.*v, aUU kji jjcciitics 01 tne
into galactose, arabinose and galacturonic acid.

ans, transforms

middle lamella
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famil

ansforms

Zymase, found in yeast, hydrolyzes glucose (dextrose and

levulose) to alcohol and carbon dioxide according to the follow-

ing equation: C6H12O6 = 2C2H5OH + 2CO2.

2. Fat and Oil Enzyme:

Lipase splits up fats and oils into fatty acids and glycerin.

It is found in various mildews, molds and numerous oily seeds

and other fatty-oil storage regions of higher plants.

3. Proteinaceous Enzymes:

Pepsin converts proteids intc

Bolet

amino

Bromelin, found in the fruit of the Pineapple, and Papayin

(Papain), found in the latex of the fruit of the Papaw, act

simi

Nepenthin, found in the pitchers of Nep

simila

4. Glucoside
seeds of the Bitter Almond

Wild
Manihot

utilissima, Polygala species, etc., hydrolyzes the glucoside present

(either amygdalin or 1-mandelonitrile glucoside) to hydrocyanic

acid, benzaldehyde and glucose.

Myrosin (myronase), found in the seeds of the black mustard

(Brassica nigra) and other members of the Crucifera>, converts

the glucoside, sinigrin, into allyl-iso-sulphocyanide and glucose.

Rhamnase, found in Alder Buckthorn {Rhamnus Frangula)

and probably other species of Rhamnus, hydrolyzes the anthra-

hamnose and emod

P

and other Ericaceous plants, resolves the glucoside, gaultherin,

me
Organic

decomposes

acid and hydrogen. It also decomposes formic

dioxide and hydrogen.
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Carboxylase, found in higher plants, splits pyrotartaric

acid into acetic aldehyde and carbon dioxide.

C. Oxidizing Enzymes.

enzymes which absorb molecular oxygen from

comb

fleshy fungi, potatoes, etc.

many plants including apples, many

common
many

they are bruised or broken and exposed to the air. The juices

and extracts of plants containing oxidases turn brown upon
exposure to air. This is owing to the formation of organic

peroxides by the action of atmospheric oxygen on phenolic

substances present and the presence of a peroxidase which, with

an oxygen acceptor, brings about oxidation with a resulting

colored oxidation product.

25. Hormones.—The term "hormone" means chemical
messenger and is appropriately named because it produces its

effect at a distance from its point of origin. Hormones are

substances which govern the proper development or functioning
of organisms and organs. The hormones of animals, sometimes
termed "internal secretions," are formed by the endocrine
glands as the pituitary, thyroid, parathyroid, adrenal, pineal,

pancreas, ovaries, testes, and are secreted directly into the blood,
m

le hormones of plants, while anticipated for some time,
ned unknown until 1928, when F. W. Wendt demonstrated

the existence of a plant growth hormone controlling the enlarge-
of the coleoptile of the oat seedling. In 1933, F. Koglment

hormones
form, auxin a (C18H32O5) which they obtained from malt, maize
germ oil and human urine, auxin b (C 18H 30O 4) and hetero-auxin
from vegetable material. Hetero-auxin has been identified as
indole-3-acetic acid. Their formation and distribution has been
found to be influenced by light. They regulate growth in plants.

When seedlings are illuminated on one side, the growth
moves from the illuminated



NON-PROTOPLASMIC CELL CONTENTS 105

more
side, bending the plants toward the light. It has been recently

shown that though growth-hormones are produced in the light,

they function better in the dark.

26. Vitamins.—Vitamins are essential food principles for the

most part manufactured by plants without which animals cannot
maintain their health. They are designated alphabetically

as A, Bi, B2 or G, B 3, B 4, B 5 , C, D, E, and K and by names
indicative of the deficiency disease in animals they correct.

Vitamin A, also known as Fat-soluble A, Anti-xerophthalmic,

and Anti-infective Vitamin, was discovered by McCollom and
Davis in 1915. It occurs in conspicuous amounts in carrots,

green leafy vegetables, in a number of fruits, as tomatoes,

prunes, pineapple and banana, in sweet potatoes, in wheat
germ, yellow corn meal, whole milk and in cod and halibut liver

oils. In its chemical and physiological properties, Vitamin A
is closely related to carotene which occurs in carrots and many
other plants. Its presence in oils can be detected by the addi-

tion of a few drops of a chloroform solution of antimony tri-

chloride to the oil when a blue color appears which deepens

and then fades. This vitamin protects epithelial tissues against

bacterial infection, especially that of the respiratory mucosa,

and is essential to the proper growth of the bodies of young

mals. Animals

hemorrhagi

mia vitamin A is the amount

vitamin contained in Mooo of a grain of the U.S. P. Reference

Oil taken as a standard.

Vitamin Bi or Anti-neuritic Vitamin is a water-soluble, thermo-

labile factor which has been isolated in pure crystalline form

from rice polishings. Its absence in the diet has been found to

be the cause of beri-beri, or polyneuritis, a disease of the nervous

system characterized by muscular incoordination followed by

paralysis of certain sets of muscles. Its presence in the animal's

diet promotes growth by stimulating the metabolic processes,

protects it from nerve disease and stimulates appetite and

digestion. It is also essential for normal gestation. This

vitamin occurs abundantly in yeast, rice polishings and wheat
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germ and to a lesser extent in wnoie rice, rye, wiic<u, umicy,

milk, eggs and a number of vegetables and fruits.

Vitamin B2 or G, sometimes called the Anti-pellagric factor

of the Vitamin B complex, prevents pellagra, a disease charac-

terized by soreness of the mouth and tongue, diarrhea, skin

eruptions and disturbances of digestion and mentality. It is

water-soluble and little affected by heat. It occurs in yeast, in

spinach, kale and other green vegetables, in potato, banana,

fresh carrots, cabbage, beets, tomatoes, lettuce, wheat bran,

meat, etc.

Vitamins B 3 , B 4 , and B 5 are all growth-promoting principles

which have been found to occur in yeast. They are water-

thermolabile

Vitamin

scurvy. It is water-soluble and destroyed by heat. It has been

found to be ascorbic (cevitamic) acid, C 6H 8 6 and has been

vitaminmade synthetically. This

metabolism of bones and the formation

lemons and limes

tomatoes

in pineapple, raspberry, strawberry, peach, beans, corn, and

some
Vitamin D

tion of rickets, since it regulates the absorption, retention and

mm
formed

itamin

It has been found to be irradiated ergosterol.

animals by the action of ultra-violet light upon cholesterol

present in the skin. This '

It is soluble in oil and relatively stable to heat. It occurs

abundantly in cod-liver and halibut liver oils and in smaller

amounts in salmon, egg-yolk, oysters, clams, etc. The U.S. P.

unit employed in the biological standardization for vitamin D
is that amount of vitamin contained in 3^5 of a gram of the

Reference Oil taken as a standard.

Vitamin E or Anti-sterility Vitamin is a fat-soluble principle

which has been found essential for the normal maturation of

the germ cells of the male animal and for the maintenance of

the nlacenta in the female. Its most abundant source is wheat
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germ oil. It also occurs in lettuce, water cress, whole cereals,

nuts, in cocoanut, corn and cottonseed oils, meat, etc.

Vitamin K or Anti-hemorrhagic Vitamin has been found to

represent the substance necessary in the diet of chickens (and

possibly other animals) for the prevention of multiple hemor-

rhages. It has been found in the fat of hog liver, in tomatoes,

kale and hemp seed.

Cell Walls

ts make ud t They

formed

two

during cell-divisions. In most plants the cell w<

formed (primary cell wall) consists of pectose or <.

bohydrate. Later the daughter protoplasts secrete

a mixture of cellulose, (CeHioOs)*, and protopectin, one on either

side of a middle lamella, the latter composed of calcium pectate.

Each of these layers on either side of the middle lamella represents

a secondary cell wall. A tertiary wall may be laid down by the

protoplast beneath the secondary wall. (See Fig. 14.)

The cell walls may remain of such composition or become

modified to meet certain functions required of them. Thus, in the

pidermis

becom

infiltrated with cutin (in the case of epidermal cells), suberin

(in the case of cork cells), waxy-like substances, which make them

impermeable to water and gases, as well as protect them against

easy crushing. ma
fibers whose function is that of giving strength and support to the

regions wherein found, the walls become infiltrated with lignin

which increases their strength, hardness, and in the case of

ma Moreover

of the cells comprising the testa or outer seed coat of the pumpkin,

squash, mustard, flax, psyllium, etc., whose function is that of

imbibing quantities of water, the walls undergo a mucilaginous

modification. These, upon the imbibition of water, swell up and

form layers of mucilage within the cell cavities.

The sub-epidermal cells beneath the upper epidermis of

Buchu leaves exhibit a striking example of mucilaginous modi-

/
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fication of cellulose as to their walls. If transverse sections of

either fresh or dried Buchu leaf-blades are first mounted in

strong alcohol and observed under the microscope, the walls of

the sub-epidermal cells appear no different from ordinary

from
gradually

form lavers of m
lumina. The mucilage formed

time

becomes

ermis

epidermal cells from
beneath and the appearance of a broad rent in the section.

natural

may
completely transformed to mucilage. This condition is called
gummosis. The gum drugs Acacia and Tragacanth are produced
in this way.

The walls of some bacteria, other fungi and some algae are
infiltrated with chitin. Those of the outer, layers of stems of
grasses, sedges and horsetails contain silica deposits, while
many plant walls contain calcium oxalate and calcium carbonate.

The cell wall when first

As the proto-

Growth in A
formed is limited

plast within enlarges, new particles are placed within the wall
by the process called intussusception. This increases its area.
New particles, also, are deposited on its surface which gradually
increases its thickness. The latter process is known as growth

ippositi

Pores (Pits). sm
the cell wall. The following terms

structures

Beaded. arr

row.

Bordered.

lamella
mi

Branching. Pore canals which divide and sometimes sub-
divide.



CELL WALLS 109

Various Kinds of Cell Walls and Behavior of Each to Microchemig Reagents

Nature of wall

Cellulose

Lignocellulose

(Lignified wall).

Reserve cellulose

Mucilaginous

modification of

cellulose.

Suberized walls

Where found

Parenchyma cells, tri-

chomes such as cotton,

etc.

Woody parts of plants,

such as stem cells, bast

fibers, wood fibers, etc.

Found in certain seeds

such as nux vomica,

ignatia, ivory nut,

date, coffee, etc.

In various parts of

plants.

In cork, wounded areas

of plants, endodermis.

Cutinized walls . .
[

Forming outer walls of

many epidermal cells.

Callus of sieve Plates of sieve tubes.

plates.

Silicified walls. .
Epidermis of Horsetails,

Grasses, etc.; Diatoms.

Reagent and behavior toward same

Schweitzer's reagent dissolves it.

Chlorzinciodine solution imparts a

blue or violet color. Iodine solu-

tion followed by sulfuric acid colors

it blue.

Phloroglucin with HC1 imparts a red

color except to bast fibers of flax,

mezereon, etc. Corallin-soda solu-

tion imparts a pink color. Aniline

sulphate with H2SO4 colors it a

golden-yellow. Chlorzinc-iodine

imparts a yellow color.

As for cellulose.

Alcoholic or glycerin solution of

methylene-blue imparts a blue

color.

Alcoholic extract of chlorophyll, in

the dark, imparts a green color.

Alcannin and Sudan III impart a

red coloration. Converted into

yellowish droplets and granular

masses upon heating with a strong

solution of KOH. Sulfuric acid is

resisted.

As for suberized walls.

Corallin-soda solution imparts pink

color.

Soluble in hydrofluoric acid
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Pores (continued)

Elliptical. Somewhat elongated pores with rounded ends.

Oblique. Slit-like pores in a slanting position in the cell wall.

Simple. Unbranched or non-bordered pores.

Slit-like. Very narrow, elongated pores.

Transverse. Slit-like pores extending in a direction perpen-

dicular to the lateral cell walls.



Chapter VI

PLANT TISSUES

A Tissue is an aggregation of cells

intimate

common source,

The Tissues of Spermatophytes and Pteridophytes

The tissues of seed plants and pteridophytes are all derived

from a fertilized egg (zygote) which has undergone repeated

divisions. At first either an apical cell arises (pteridophytes)

mass of cells is formed (sperma

P
mordial meristem; but gradually we find that a division of labor

has become many
perform

economy simil

structure and function is called a tissue. The tissues found in

jher plants range from those whose component cells are more
or less rounded, in a rapid state of division, and whose thin,

cellulose, cell walls enclose a mass

vacuoles, or with exceeding

of protoplasm, devoid of

small ones to those whose cells

tfir various physical and chemical factors become com-
fied in respect to theirpressed, elongated, and highly modified

contents and walls.

Classification of Tissues.—Tissues may be classified

according to method of development, form, structure, function,

and whether simple or complex.
-

According to their method of development, tissues are either

primary or secondary. Primary Tissues are those which

develop at the growing points of different organs by cell division.

They arise from apical and intercalary meristems. They
include parenchyma, epidermis, endodermis, pericycle, primary phloem,

primary xylem, and cambium.

Ill
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Secondary Tissues are those which take their origin in a

cambium or cork cambium. Examples of secondary tissues

Primordial maris tern

Frotoderm

round maris tern

Procaine.!

pldermi

Bast fiber

ollencnyma

em from the procambium
Xylem from the cambium

Phloem from the procambium and cambium

Cambium

em rrom the procambiuia
Xylemfrom the cambium

Phloem from the procambium and cambium

Fig. 56.

—

Diagram showing the evolution of tissues in a stem from the pri-

mordial meristem down to the beginning of cambial activity. In the longitudinal

diagram, at the bottom, the initial C of the word cambium stands directly beneath
this tissue which is radially but one cell in thickness. (After Stevens.)

cambium, and cork and secondary

cambium. These

this chapter.

and secondary phloem which arise from a primary

from

more
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com

p
made ud of two or more

phi

permanent

meristems

Primary Meristems.—As was shown by Hanstein, 1 the

embryo of Angiosperms

becomes

ement

him

Plerome. sometimes
2

at the apex. This was termed by Janczewski the Calyptrogen

layer. These primary layers or groups of cells are called

primary meristems or generative tissues. They are composed of

more
;m

:mbry

primary meristems

stemgrowing apices of plant organs, such as root,

apex. By the division and redivisions of their cells they give

mature
pidermal

structures such as stomata

ndular hairs, glands, and sometimes cork cambium.

2. Periblem or Ground meristem originates primary

ne, chlorophylloid cells (chlorenchyma), colloid cells
(

ma), strengthening cells (sclerenchyma), crystal cells

ma latex cells (lacterchyma), pericycle, ermis

sometimes cork cambium
primary

cambium and sometimes

component

forms

plants:

1 Hanstein, "Die Scheitelzellgruppe im Vegetationspunkt der Phanerogamen,"

Bonn, 1868.

* Am. Sci. Nat. 5 serie, torn, xx
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1. Meristem 8. Cork
2. Parenchyma 9. Laticiferous tissue

3. Collenchyma 10. Sieve or cribiform tissue

4. sclerenchyma 11. tracheary tissue

5. Epidermis 12. Medullary rays
*

6. Endodermis 13. Glands and Secretion Reservoirs
7. Pericycle 14. Nectaries

Meristem

Meristem, frequently called embryonic tissue, is-undifferenti-

ated tissue composed of cells in the state of rapid division. The
first kind of meristem to appear arises from the dr
cells at or near the apices of roots, stems and leaves and is in

these regions called Primordial Meristem. The primordial

meristem gives rise through cell divisions and slight differentia-

tion to the Primary Meristems (plerome, periblem and dermatogen)

which in turn develop the primary permanent tissues of plants.

Primary meristems retain the power of independent growth and
capacity for division as long as the plant part survives which
contains them. Meristem is also found in other regions of

plant organs such as the cambium and cork cambium, and is

permanent

Secondary Meristem. Secondary meristem is a
primary meristem. It gives rise to the secondary
ssues. It loses with its transition to the permanent

tissues the power of division and independent growth.
Cambium is a secondary meristem lying between the phloem

and xylem in certain collateral bundles (intrafascicular cam-
bium) or between the phloem and xylem portions of the medul-
lary rays (interfascicular cambium). It is cylindrical and

tudinally cambium
stems of gymnosperms

where it divides to form secondary xylem and secondary phloem.
These formations are responsible for the increase in diameter
of these organs. (Cf. Fig. 76.)

Cork cambium or phellogen originates in the pericycle of roots
'" e epidermis or outermost layer of the cortex of stems.

Through

secondary (See Fig. 70.)
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meristems

may be classified as apical

Meristems

; and stems, They produce growth in length by giving

Fig. 57.—The cambium and medullary rays in tangential-longitudinal section.

X 50. The section has been cut through the cambium zone adjacent to the

phloem or inner bark of the stem of the tulip poplar, Liriodendron tulipijera, and shows

besides the elongated taper-ended cambial cells, phloem parenchyma which has been

cut off by the transverse divisions of cambial cells, also medullary rays, ca, cambial

cell, in the upper portion of which two phloem cells have been cut off; ca\ cambial

cell at left of which is a row of phloem parenchyma; r, medullary ray.

primary ues. In the bryophytes and pteridophytes the

*nts apical meristem, while in spermatophytes

cells makes up this tissue.

Meristems represent parts of apical meristems

which have been separated from the rest of apical meristem
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permanent tissues and left with the latter as the apical meristem

advances in growth. They are found just above or below the

nodes of many stems and at the bases of some leaves, especially

those of monocotyls.

Lateral Meristems are those which occur lateral in an

organ, as the cambium and cork cambium.

Parenchyma

lii

prim

ancfthickness (isodiametric) with usually thin, cellulose cell

mclosing cytoplasm and a nucleus and frequently sub-

stances of a non-protoplasmic nature. It is capable of cell

division after maturity. There are four generally recognized

ma
Ordinary Parenchyma (Soft Ground Tissue, Funda-

mental Tissue).—Next to the meristem this is the least modified

of all plant tissues. It is generally composed of thin-walled

cells, commonly polyhedral or spheroidal in form and often of

approximately the same length, breadth, and thickness (iso-

diametric); the cell walls are composed of cellulose which is

usually unmodified. Intercellular air-spaces occur in the angles

of adjoining cells. Occasionally the outline of the cells is star-

shaped or stellate, as in the stems of Wood Rush or Pickerel

Weed or the cells may be several times as long as wide, as in the

stems of Geranium, etc* Moreover, markings may occur on

the walls. These may be of the nature of pores, as in the

parenchyma cells of the pith of the Elder or Sassafras, annular

thickenings, as in the Mistletoe, or spiral thickenings, as in

certain Orchids. Protoplasm and a nucleus are always present

as well as colorless plastids, but in old cells are only seen as a

thin layer pushed up against the cell wall. Ordinary Paren-

chyma may be seen composing the soft tissues of roots, stems,

and barks. (See Fig. 69.)

Assimilation Parenchyma (Chlorophyll Parenchyma,

Chlorenchyma). This form of parenchyma

stems

green

^from
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more or less isodiametric to irregular and elongated forms. The
cells always contain chloroplasts or plastids, in whose pores may
be found some other coloring substance. Good examples of

assimilation tissue are seen in the green column-shaped cells

below the upper epidermis of foliage leaves which, because of

their shape, are termed "palisade parenchyma cells" and in the

green rounded to irregular-shaped cells beneath the palisade

parenchyma of foliage leaves which, because they are more

loosely arranged around air-spaces,

are termed "spongy parenchyma cells"

(See Fig. 166.)

Fig. 58.—Transverse section of

q£ chyma, with walls thickened at

the angles, v; chl, chloroplasts.

Conducting Parenchyma.—
This type of parenchyma functions

in the rapid translocation of food

materials to distant regions in the

plant. It includes the wood paren-

chyma cells of the xylem which convey

a portion of the crude sap (water

with mineral salts in solution) and

the phloem parenchyma (soft bast)

which transports the elaborated sap

(carbohydrate and proteid material part of ieaf-stalk of a begonia.

in Solution). Conducting paren- <?, Epidermis; c, cuticle; B
9
collen-

chyma cells differ from those

ordinary parenchyma in
^

being ^ZfieTWnL)
usually more elongated and in con-

ducting soluble food materials with greater celerity.

Reserve Parenchyma.—This resembles ordinary paren-

chyma in many particulars of structure but differs from it mainly

by its cells being filled with starch, protein crystals, or oil

globules. It is usually found in seeds, fleshy roots, or under-

ground stems such as tubers, corms, and bulbs.

Collenchyma.—This form of tissue is characterized by its

cells being prismatic, more elongated than ordinary parenchyma,

plastic walls of cellulose thickened in areas, usually

in their angles, but sometimes on the tangential walls or on

the sides abutting air-spaces, with a colloidal substance. The

thickened areas are in the form of longitudinal strips. The
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cells, like those of parenchyma tissue, contain cytoplasm and a

nucleus, and frequently chloroplasts. It remains alive after

maturity (Fig. 58). Collenchyma is generally found under-

neath the epidermis in the elongating parts of many stems, less

often in the midribs and petioles of leaves, and gives support

to these regions. It is the first strengthening tissue to develop

in stems. It is frequently observed forming the "ribs" of stems

and fruits of the Parsley Family and "ribs" of stems of the Mint

Fig. 59.—Stone cells from different sources. 1, From coffee; 2, 3, and 4 from

stem of clove; 5 and 6, from tea leaf; 7, 8 and 9, from powdered star-anise seed.

(Stevens, after Moeller.)

Family many leaves it has been found as the supporting

and strengthening tissue between the stronger veins and the

epidermis.

or stony tissue comprises

elements

lignocellulose. When first formed these cells resemble

ma
become

more layers. (Occ

bark resrion of stems of Flax and Mezereon
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- J deposited on the walls of the sclerenchyma fibers.) When
sclerenchyma is composed of cells which are more or less iso-

diametric or moderately elongated, with thickened, lignified

I

2

3

4

5 6 7

Fig. 60.—Stone cells from various sources. 1, From olive pit; 2, from cocoa-

nut endocarp; 3, from flesh of pear; 4, from aconite root; 5, from capsicum; 6,

from hazelnut; 7, from allspice. (Drawing by Hoffstein.)

walls and conspicuous pores, its elements are called Stone

Cells. Stone cells are distributed in fruits, seeds and barks

of many plants, rarely in woods. They occur singly or in small

groups or large masses forming
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gritty CC
t

flesh
55

of certain fruits as the Pear, the

endocarp or stone region of drupaceous fruits as the Olive,

Peach, Gubeb, Pepper, etc., the hard portions of seed coats as

Physostigma, Walnuts, etc. Each stone cell presents forin

examination

of lignin on its inner surface which surround a central lumen.

\

2 3 4

h

6

Fig. 61.—Sclerenchyma fibers from different sources. 1, From powdered
cinnamon bark; 2, end of bast fiber of flax stem showing transverse markings

(b); 3, middle portion of flax fiber showing characteristic cross markings at b\ 4,

bast fiber from cinchona bark; 5, branched bast fiber from choke cherry bark; 6,

above All

The latter is in communication with radial pore canals leading

outward to the middle lamella. Longitudinal pore canals

are also evident.

Fibers.—When sclerenchyma is composed of cells which are

greatly elongated and more or less obtusely or taper ended, its

component elements are termed Sclerenchyma Fibers or

Fibers. These fibers are frequently spindle-shaped. When
young they contain protoplasts but when mature their lumina

usually contain air. They exhibit pits of the nature of oblique
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slits or rounded pores in their walls. They are either polygonal,

rectangular or somewhat rounded in transverse section. They

Fig. 62.—Transverse section of a portion of the wood of the Black Ash. A,

summer wood; D
y
autumn wood; C, spring wood, wf, wood fibers; mr, medullary

ray; /r, tracheae. X 170. Note the polygonal to rounded-polygonal shape of the

wood fibers in cross section.

occur in various parts of roots, stems, leaves, fruits and seeds as

supporting elements. When sclerenchyma fibers occur in the

xylem region of fibro-vascular bundles, they are termed Xylem
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Fibers, or Wood Fibers; when they appear in the phloem region,

Phloem Fibers, Bast Fibers or Liber Fibers; when in the pericycle,

Pericyclic Fibers; when in the cortex, Cortical Fibers. Wood fibers

are usually cut off bv the cambium onlv and so are generally

I ig. 63.—Tangential-longitudinal section of wood of the Black Ash. X 170.

uj, wood fibers; mr, medullary rays. Note how thctapered ends of the wood fibers

are spliced over each other.

ylem from
the phloem, pericycle and cortex in that they possess bordered

many instances these are

sim Phloem
sim

Epidermis

Epidermis is the outer covering tissue of a plant and is pro-

tective in function. mec
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loss of water. In old stems and roots of secondary growth it is

ultimately replaced by cork. Its cells are living, containing a

thin marginal layer of cytoplasm, a nucleus and a large central

vacuole and frequently leucoplastids. Non-protoplasmic inclu-

sions as crystals, mucilage, etc., may occur in the lumen. They
may be brick-shaped, tabular or polygonal, the vertical wall being

equilateral or wavy in outline. Their outer walls are frequently

cutinized (infiltrated with a waxy-like, waterproof substance called

cutin). The radial walls also are sometimes cutinized.

?

* <

->

-*k

H

k

H

,

& *~
<

m&

Fig. 64.—Upper epidermis of Sweet Fern (Comptonia asplenifolia) leaf (surface view)

showing epidermal cells and two non-glandular trichomes.
*

Stomata.—Among the epidermal cells of leaves and young

green stems may numerous pores or stomata (sing.

crescent-shaped cells, called guard

cells. guard

undergoing changes in size and shape dependent upon changes

in their turgor. Increased turgor causes them to open. A
m stomata

communication with the sub-stomal air chambers

them which in turn are in communication

stems Through the

stomata

and the external air takes place. stomata
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to give off watery vapor (transpiration) and take in or give off

carbon dioxide, and oxygen In addition to stomata some

leaves possess groups of water stomata which differ from the

ordinary or transpiration stomata in that they always remain open,

are circular in outline, give off water in droplets directly, and

lie over an area small, secreting, fp

which is in connection with a bundle of tracheids that springs

from the end of one or more fibro-

vascular bundles. chamber

ally occurs directly beneath the water

pore. Haberlandt gave the name of kyda-

thode to this and related types of structures

which secrete water in the form of drop-

lets. Examples: Leaves of Primula,

Corn, various grasses, Potato, Elm, Lark-

spur, Crassula, Saxifraga and Ficus.

Epidermal Appendages.—The epi-

dermis of leaves, stems, fruits, and seeds

tudinal section through a of many plants frequently gives rise to

hydathode from the leaf out-growths in the form of papilla, hairs
margin of Primula sinensis.

Fig. 65.—Radial-longi-

i
9
upper, and j%

lower epi-

dermis; h, palisade cell; e9

and scales.

Epidermal Papillae are short pro-

thin walled parenchyma tuberances of epidermal cells. They may
called epithem ;^, intercellu-

be seeR tQ advantage on the upper epi-
lar space;/, guard cell of a

,

°

water stoma; ky
tracheids. dermis of the hgulate corolla of various

{From Stevens, after Haber- species of Chrysanthemum, on the lower epi-

landL ) dermis of the foliage leaves of species of

Erythroxylon and upon the upper epidermis of the petals of the

Pansy {Viola tricolor). Epidermal Hairs or Trichomes are more

elongated outgrowths of one or more epidermal cells. They may
be unicellular, as those of the seed of cotton, or multicellular, non-

glandular (simple) or glandular. The non-glandular hairs may
be of various shapes, viz.: clavate (club-shaped) as on Rhus

glabra fruits; stellate (or star-shaped) as on Deutzia leaves;

candelabra-shaped, as on Mullein leaves; filiform, as on Hyoscy-

amus, Belladonna and Digitalis leaves; hooked, as on the stems

of the Scarlet Runner or Hops; barbed, as on the stems of Loasa

species; or tufted, as found on the leaves of Horehound (Marru-
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4

a

Fig 66-Trichomes from different sources. 1, Unicellular non-g andu ar

trichomes as seen growing out of epidermal cells of Senna; 2, umsenate nonglandular

richoml Jl^s; 3, unicellular stellate trichomes from Deut«a scabra; 4,

unicelmlar Twisted trichomes from lower epidermis of Euodutyon; 5, clavate non-

glTdut tSomes from scraping of epidermis of the fruits of Rhus glabra; 6 2-

branched trichomes of Hygoscyamus muUcus, a substitute for Henbane; 7, branched

nnnkLellular trichome of Marmbium; 8, glandular trichomes from strob.le of
mulUceUular tnchome

trkhomes from leaves of Digitalis purpurea; 10,

HZt^^Lt^Lm,s of Karnala; 1 1 , lateral view (to left) and vertical

vfewfto right) of glandular trichomes of Kamala; 12, verUca v.ew (above) and pro-

file view (below) of 8-celled glandular hair from Mentha ptpertta. All Inghly

magnified.
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bium vulgare). They may be sim as
i

in Cotton, etc., or

Nonglandul

Hy

Stramonium

2

im
laooaac

Fig. 67. Fig. 68.

Fig. 67.—1, Epidermis of oak leaf; 2, epidermis of Iris leaf, both viewed from

the surface; 3, group of cells from petal of Viola tricolor, showing conical papillae;

4, two epidermal cells in cross-section showing thickened outer wall differentiated

into three layers, namely, an outer cuticle, cutinized layer (shaded), and an inner

cellulose layer; 5 and 6, epidermal outgrowths in the form of scales and hairs.

(1, 2, 6 after Stevens, 3 after Strasburger, 4 after Sachs, and 5 after de Bary.)

Fig. 68.—Different forms of epidermal outgrowths. 1, Hooked hair from

Phaseolus multiflorus; 2, climbing hair from stem of Humulus Lupulus; 3, rod-like wax

coating from the stem of Saccharum qfficinarum; 4, climbing hair of Loasa hispida; 5,

stinging hair of Urtica urens. {Fig. 3. after de Bary; the remainder from Haberlandt.)

multiseriate, when they consist of two or more rows of cells, as

those of the corolla of Calendula.

The glandular hairs comprise those whose terminal cell or

cells are modified into a more or less globular gland for gummy,

resinous or oily deposits. They are generally composed of a

stalk and a head region although rarely the stalk may be absent.

The stalk may be unicellular, bicellular, uniseriate (consisting

of a single series of superimposed cells) or multiseriate (consisting
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more rows of superimposed cells). The head varies
from a one- to many

(Humulus lupulus)

ire. The drug Lupulin consists

from the strobiles of the Hop

ermis com
one or several layers of cells. They occur attached to the stipes

of Aspidium, Osmunda and other ferns, where they are called
"chaff scales.

55 They are also found on a ni

plants.

mber

Hairs many
ferent purposes. They may absorb nourishment in the form
moisture and mineral matter Those

may
silicified, rendering them unfit for animal food, or, as in the

nettle, charged with an irritating fluid, penetrating the skin

when touched, injecting the poison into the wound. A dense
covering of hairs also prevents the ravages of insects and the

clogging of the stomata by an accumulation of dust. They fill

important office

milkweed and Apocvnum
are readily scattered by the wind.

The reproductive organs of many Cryptogams are mod
hairs, as the sporangia of Ferns.

Endodermis

innermost

layer of the cortex. It forms a cylindrical sheath i

stele in roots and stems of pteridophytes and spermatophytes.

It also occurs around the vascular bundles of leaves. In
Angiospermous stems it usually resembles the other parenchyma
layers of cortex as to structural characteristics, save that it

frequently contains more starch. In fern stems, roots of Mono-
cotyledons and of Dicotyledons of primary growth, however, its

cells are clearly distinguished from the other cells of the primary
cortex by their vertically elongated form and cutinized or sub-

erized (occasionally lignified) radial and end walls.

The most outstanding characteristics of typical endodermal
cells are to be found in their walls. These may be thin or thick
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but the radial and end walls are usually thickened with deposits

of a waxy, m representing cutin or suberin.

The thin-walled endodermal cells possess strips or bands of

cutin which extend around the cells on the inner surface of the

radial and end walls. Casp

Epidermis

Parenchyma

Endodermis
/

Cortex

Xylem

Pericycle

Stele

Phloem

Fig. 69.—Cross section of the stele and a portion of the epidermis and cortex of

the monocotyledonous root of the corn. The outgrowths of the epidermis are root

hairs. (From "A Textbook of General Botany" by Smith, Overton et aL,

publishers.)

M

strips. In cross sections the Casparian strips often appear like

dots or lenticular shaped areas in the radial walls and are

frequently termed "Casparian

Mexican Sarsaoarilla the inn<

dots or spots
55 In the roots of

Honduras

outer walls all show suberization Endodermal

of intercellular-air-spaces. Its cells contain asm and
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nucleus; starch grains are frequently but not always present

and sometimes mucilage, tannin and crystals occur. Its

functions seem to be to give protection to the stele (tissues within

it), to reduce permeability between primary cortex and stele

- - - • - "Epidermis

-f Cork

z^~~~Cork Cambium

Collenchyma

in cortex

Fig. 70.—Transverse section of the outer regions of the stem of the elder (Sam-

bucus canadensis), showing cork, cork cambium, etc. {From Strasburger, Macmillan

Co.)

and to serve as an air-dam, preventing the clogging with air of

the water-conducting elements.

Cork

com

cells of tabular shape, whose walls possess a layer of water-proof

substance called suberin. It is formed by the division of the

phellogen or cork cambium

wardly. Its cells, when first formed, c

ambium forms

asm

asmic

become

and gradually sluff off. Under the microscope, dead cork cells

usually appear black due to air filling their cavities. Thin

serrinn* nf rork. when mounted in suitable reagents, will show
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that the walls of the cork cells are composed of three layers or

lamellae The lamella next to the cell cavity is cellulose.

Outside of this is a middle lamella which may be lignified and

a lamella of suberin. Cork tissue is usually devoid of inter-

cellular-air-spaces. It forms a protective covering to the roots

of secondary growth, perennial stems (after the first season)

;

Fig. 71.—Cross section of the herbaceous dicotyl stem of Aconitum Napellus var.

roseum. X 50. ep, epidermis; co, primary cortex; per, pericycle filled with peri-

cyclic fibers; ph, phloem; ca, cambium (intrafascicular) ; x, xylem; mr, medullary

ray; m> pith, composed of ordinary parenchyma.

of Dicotyledons and Gymnosperms, and wounds of stems and

branches. It protects the delicate underlying tissues from

invasion by fungal parasites, from sudden changes in tempera-

ture, and from loss of water.

The suberized walls of cork cells resist the action of concen-

trated sulfuric acid. They are colored green, when in contact

with alcoholic extract of chlorophyll for several days in the dark.

called "scale bark'
5
or "shell bark"Rhytidome sometimes

represents the outer crust of alternating cork and cortical or

pericyclic and phloem tissues resulting when cork cambia arise
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in deeper regions of the bark and form cork or periderm.

Fig. 131.)

Borke is a term which has been applied by German botanists

to designate the dead tissues which sluff off when cork cambium
arises and forms layers of cork in deep regions of the cortex,

pericycle and phloem. This occurs in the oak, birch, grape

vine, elm, viburnum, hickory, cherries, etc.

Pericycle

formerly

is a derivative of the ground meristem. It is a narrow cylinder of

ermis and the outer margin

primary phloem of the fibrovascular bundles of stems

ermis

roots. In many stems it is com

ma
climbing or twining stems, it is com

kinds of tissues, thin-walled parenchyma and sclerenchyma

ma
in stems of Cinnamon ma

fibers occurring in the pericycle are called "pericyclic fibers"

Normally these fibers are lignified but may consist of cellulose,

as in Flax and Mezereon stems. The parenchyma cells

sometimes
maduction of sap and the storage of starch. The sclerencb

fibers give strength. In roots, the pericycle consists of one or

two rows of thin-walled cells which undergo division in places

wViirh trive rise to lateral roots. In roots ofm meristerns

primary

:r becoming a phellogen or cork cambium. The

may give rise to meristems forming adventitious

stems

Laticiferous Tissue

This form of tissue comprises either latex cells, laticiferous

vessels, or coenocytic latex cells, differing from each other in

origin and method of development. (1) Latex Cells {latex

sacs) are uninucleate cells which take their origin from minute
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meristematic cells of the em >ryo. They are arranged in longi-

tudinal rows and often occur in all of the organs. Each latex

rell ia a single, unit and does not anastomose with other latex

Fig. 72.—Laticiferous vessels from the cortex of root of Scorozonora hispamca

v4, As seen

after Sachs.)

(Stevens,

cells* Such cells are abundant in the following famil

Apocy\ *p SapotacecB

(2) Vessels

o chains of superimposed c<

become absorbed, the lum

becoming filled They are found in various parts of
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roots, stems, and leaves. The branches connect with those of

other tubes forming an anastomosing network. These vessels

occur in the following families: Composite, Papaveracece, Campanu-

lacece, Convolvulacece, Euphorbiacece, Aracece, Oleacece, Geraniacece,

and Musacece.

(3) Ccenogytig latex gells are elongated, multinucleate,

laticiferous cells which occur in the milkweed family {Asclcpiada-

cece) and in Euphorbia species. They arise, in each instance, from

a single cell in the embryo which elongates at an equal rate with

the growth of the plant, extending itself between other cells like a

filamentous hypha of a mold, branching freely, but unlike

laticiferous vessels the branches do not anastomose.

All of the latex elements are living, possessing thin layers of

protoplasm just within their walls and containing one or more

nuclei depending upon the type, also at times, leucoplastids,

elaioplastids and proteinoplastids. The leucoplastids form starch

grains, the elaioplastids build up oil globules and the proteino-

plastids organize protein granules.

The exact role of latex elements remains undiscovered.

Some botanists believe them to be food reservoirs, others excre-

them

m for the movement

All lacticiferous elements contain a colorless, milky-white, or

otherwise colored emulsion of gum-resins, fat, wax, caoutchouc

and, in some cases, alkaloids, tannins, salts, ferments, etc. This

emulsion is called "latex." For further details see under "Latex"

in Chanter V.

Sieve (Leptome or Cribiform) Tissue

This tissue, found in the phloem region of fibro-vascular

bundles, is a product first of the procambium and later of the

cambium. It consists of superimposed, elongated, tubular

cells whose longitudinal walls are thin and composed of cellulose

and whose oblique or transverse walls, called "sieve plates," are

thickened and perforated, permitting of the passage of proteids,

amino-acids and amides from one cell to another. Frequently

sieve plates are formed on the longitudinal walls, as in Cascara

Sagrada. The mature sieve tube has a thin layer of cytoplasm
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lining its walls and a large central vacuole but no nucleus.

The tubes are arranged in longitudinal rows and the protoplasts

means oi protoplasmic

which extend from one sieve tube to

another through perforations in the sieve

plates. The cell sap found in the vacuole

of sieve tubes contains protein substances

often of lmy character. When fixed
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Fig. 73. Fig. 74.

Fig. 73.—Stages in the development of sieve tubes, companion cells, and

phloem parenchyma. A. a and b, Two rows of plerome cells; in c and d, a has

divided longitudinally and c is to become companion cells; d, a sieve tube, and

b, phloem parenchyma. B. c, Companion cells, and d, a beginning sieve tube

d, respectively in A. The cross-walls in d are pitted; b, phloem paren-from c and
than same

of the sieve tubes become perforations, and the nuclei gone from the cells composing

the tube. {From Stevens.)

Fig. 74.—Vascular elements. A, annular tracheal tube; B, spiral tracheal

tube; C, reticulated tracheal tube; D, pitted tracheal tube; E, cross-section through

wise

Strasburger.)

companion and

and stained sections are examined, coagulated masses of

protein will often be seen filling the pores of the sieve plates.

These are called slime blugs.

Sieve tubes are usually accompanied by companion cells

excepting in Pteridophytes and many Gymnosperms. Both
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companion cells and sieve tubes arise by the division of the same
mother-cell of the procambium. The companion cells occur in the

phloem of Angiosperms only. In cross sections they appear as

small, rounded or angular cells at the corner or lateral to a larger

sieve tube. In longitudinal section they are seen to be elongated,

slender cells. They may be distinguished from the mature sieve

tubes by their abundant granular, cytoplasmic contents, their

small vacuoles, and also by the fact that they retain their nuclei

after complete maturation. Their walls are pitted where they

are in contact with sieve tubes with which they are associated,

phloem parenchyma and medullary rays. Their work is to take

over food materials from the sieve tubes and pass them on to

other tissues needing them for growth, repair or storage.

Besides sieve tubes and companion cells, phloem fibers also

called bast fibers, and parenchyma cells called "phloem-parenchyma"

or " sieveparenchyma" are often found in the phloem. The phloem-

parenchyma cells transmit soluble carbohydrates, amino-acids

and amides slowly downward and, through their communication

with medullary rays, deliver food materials to them for radial

distribution and storage.

Tracheary Tissue

The tracheary tissue of plants comprises two kinds of elements

the trachea (ducts or vessels) and tracheids. They are formed firsi

by the procambium or plerome and later by the cambium

Both of these conduct crude sap (waterwith mineraLsa"

through the roots and stems into the leaves. The
prismatic

formed

supenm

of the plant. Thousands of these tracheae are arranged one

above the other from the smallest branches of the root to the

highest part of the stem and out into the farthest reaches of the

leaves. Cross or end walls which are perforated with openings

separate each trachea from its neighbors. In this way each

line of tracheae serves as a continuous tube for the conduction

of water rapidly from root to leaf. Most tracheae have two

perforations, one in either end but as many as four have been
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found, each opening into a different cell. The cross or end wall

separating one trachea from another usually possesses a single,

large, rounded or elliptical perforation called a simple perforation,

but some end walls possess two or more smaller perforations

forming an opening divided by transverse bars and called a

scalariform perforation. The longitudinal or vertical walls of these

tubes are of varying thickness, usually, however, thinner than

those of woody fibers. The thickness is due to an infiltration of

lignin upon the original cellulose wall. The walls show char-

acteristic thickenings on their inner surfaces. These thickenings

are for the purpose of giving strength to the tube while the thin

parts of the wall are for the passage into and out of the tube of

water with nutrient materials in solution.

Tracheae are classified according to their markings as follows:

Annular, with ring-like thickenings.

Spiral, with spiral thickenings.

Reticulate, with reticulate thickenings.

Porous or pitted, with spherical or oblique slit pores.

Bordered pored, with rows of pores or slits, each being sur-

rounded by a thickening of variable shape (circular, ellipsoidal

. and prismatic are the usual shapes).

Annulo-spiral, with both ring and spiral thickenings.

Scalariform, with ladder-like thickenings.

Tracheids are primitive conducting xylem cells which have

thickenings similar to tracheae but are usually, though not always,

smaller in size. Their ends are usually tapered, sometimes

chisel-like, but not sharply pointed. They may be distinguished

from tracheae by the absence of perforations in their end walls.

Their end walls have, however, thin places or pits which permit

the more rapid passage of sap from cell to cell. Like tracheae

their walls usually give the characteristic lignin reaction with

phloroglucin and HC1. The tracheids of conifers (see Fig. 75E,

D.) such as the pine, spruce, cedar, etc., usually show one row
of good-si2ed bordered pores (bordered pits) on their longitudinal

walls. Each bordered pore exhibits a wall surrounding the pore

which forms a dome-shaped protrusion into the cell. Like

tracheae, also, tracheids convey water with mineral salts in solu-

tion upward through the plant axis. Tracheids with bordered
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jrIG 75 —Types of tracheae and tracheids. A
9
annulo-spiral trachea; B, spiral

trachea; C, tracheid with several rows of bordered pores; H, pitted vessel; F,

portion of a coniferous tracheid with a single row of bordered pits; Z), tangential-

longitudinal section of a bordered pit and portion of adjacent wall shown in F,

enlarged; p, pore or orifice pit; b, protruding border; cm, limiting membrane which

bears at its center a thickened pod or torus (t); c, cavity of pit; F, reticulate trachea in

longitudinal section; G, longitudinal section of spiral trachea.
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Fig. 76.—Stages in the development of the elements of the xylem. A, pro-

gressive steps in the development of a tracheal tube. 1, Row of plerome or cambial

cells that are to take part in the formation of a tube; 2. the same at a later stage

enlarged in all dimensions; 3, the cells in 2 have grown larger, their cross-walls

have been dissolved out, and the wall has become thickened and pitted; 4, the walls

in 3 have become more thickened, the pits have an overhanging border, the walls

and
and the tube is mature and dead. B, stages in the formation of

tracheids from plerome or cambial cells. The steps are the same as in A, excepting

that the cross-walls remain and become pitted. C, steps in the development of

wood fibers from cambial cells. 1, Cambial cells; 2, the same growth larger in all

dimensions with cells shoving past each other as they elongate; 3, a later stage
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i and medullary-rays make up the wood of Conifers and most
he other orders of Gymnosperms.

The functions of tracheids are longitudinal conduction of

de sap and support to the part containing them.

Medullary Rays

These are bands of parenchyma cells which extend radially

from the cortex to the pith {primary

medullary rays) or from a part of the

xylem to a part of the phloem (sec-

ondary medullary rays or "vascular

rays'
5

). Secondary medullary rays

occur only as a result of the activity

of the cambium during secondary

growth of the plant axis. The xylem

portion of a medullary ray is termed

a xylem ray or wood ray while the

phloem portion is termed aphloem ray.

In tangential-longitudinal section

medullary rays usually appear
®Tfj®uf®]r

Fig. 77.—Portion of radial-spindle-shaped, (Fig. 63), while in
m

s# t
- . . , longitudinal section through

radial-longitudinal sections they are wood of White pine stem

Seen Crossing the Other elements, tracheid; p, bordered pore of

m,Their primary function is to supply same;

the cambium and wood with elabo- g *

medullary ray

formed

tubes and em ma and to supply the cambium

and phloem with crude sap which passes up mainl

tracheal and tracheids from the absorptive region;

They distribute food materials radially. They rmore

becoming

and

shown by the stippling. The protoplasts in this last stage have disap-

peared and the fibers are dead. D, steps in the formation of wood parenchyma

from cambial or procambial cells. 1, Group of cambial or plerome cells; 2, the

same enlarged in all dimensions; 3, the same with walls thickened and pitted; 4 and

5 show the same stages as 2 and 3, but here the cells have enlarged radially or

tangentially more than they have vertically. The walls of these cells are apt to

become lignified, but the cells are longer lived than the wood fibers. (From

Stevens.)
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serve as storage places for starch, alkaloids, resins, and other

substances. (Cf. Figs. 62, 127, 139.)

Vascular and Fibrovascular Bundles

Vascular Bundles are strands of conducting elements con-

sisting of elongated cells specialized for the conduction of sap.

The conducting strands are of two kinds: the Phloem which
carries elaborated food materials (elaborated sap) from the leaves

and green parts of stems to all parts of the plants and the Xylem
i carries soil water with dissolved mineral salts (crude sap)

from

Tracheal tube carrying food upward

Xylem parenchyma receiving
food from medullary rays

and storing it

Sieve tube carr/ing food
downwards from
the leaves

Medullary ray cells carrying food Inward and outward
from the sieve tubes The ray cells also store food

Parenchyma
storing food

transport

and
cells of the wood and bark. The black bodies in the cells indicate stored food.

(Stevens. )

Fibrovascular Bundles are groups of fibers, vessels and cells

coursing through the various organs of a plant and serving for

conduction and support. The term "Vascular Bundle" is

employed to indicate bundles whose xylem and phloem contain
no fibers and which are devoid of enveloping fibrous sheaths.

According to the relative structural arrangement of their xylem
and phloem masses, they may b

I. Collateral, consisting of a

extending side by side.

em and a phloem strand

II. Closed collateral, consisting of a strand of xylem lyinj

alongside of a strand of phloem, in intimate contact, with n<

cambium zone between them. Stems and leaves of most Mono
Horsetails

III. Op em
strand oem separated from each other bv a cambium
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Stems and leaves of Dicotyledons and roots of Dicotyls and

Gymnosperms of secondary growth. In stems and roots the

phloem faces toward the exterior and the xylem toward the

center of the axis.

IV. Bicollateral, characterized by a xylem strand being

between an inner and an outer phloem mass. Cambium may

Fig 79.—Closed collateral bundle of stem of Zea mays. VG, Bundle sheath;

L, intercellular space; A, ring from an annular tracheal tube; SP, spiral tracheal

tube; M, pitted vessels; V, sieve tubes; S, companion cells; CP, crushed primary

sieve tubes; F, thin-walled parenchyma of the ground or fundamental tissue.

(From Sayre after Strasburger.)

em

or on both faces. stems

Apocynacea, Asclepiada

volvulacece, Gentianacece ,
Myrta

V. Concentric, characterized m mass

rounded by a phloem mass or vice versa. No cambium present.

(a) Concentric, with xylem central in bundle. (Xylocentric

bundle.) Seen in stems and leaves of nearly all ferns and the

Lycopodiacecz . /niJ

(b) Concentric, with phloem central in bundle. (Phlocentric

bnudle.) Seen in stems and leaves of some Monocotyledons. Exam-

ples: Calamus and Convallaria rhizomes.

«
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VI. Radial, characterized by two or more xylem and ohloem
masses arranged in alternate manner
pith. terms

y employed

many xvlem

<?

Fig. 80.—Vascular bundles. A, the concentric-monocotyl or phlocentric
type, with xylem, k, surrounding the phloem, h. B, the collateral type, with
phloem, h, standing in front of the xylem, k. C, a portion of the radial type (under-

transition

to C. c, xylem,

and endodermis
pericycle; d, endodermis. Pericycle

{From Stevens after Haberlandt.)

: number of phloem strand:

Spermatophytes and Pteridophy

primary

Xylem

parenchyma
It frequently contains, in addition, wood fibers. The tracheid

fundamental cell type in the xylem m of most
Gymnosperms

1 The conducting elements of the xylem comprising tracheae, tracheids and
wood parenchyma constitute the hadrome.
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>

Primary Xylem (Protoxylem) is that xylem in all conduct-

ing bundles which directly develops from the plerome. In

exogenous stems of secondary growth, the primary xylem is in

small strands adjacent to the pith, and in roots of secondary

growth it appears as a small, several rayed strand in the center.

*

Fig. 81.—Bicollateral bundle of the stem of Squash {Cucurbita). X 70. P\
external phloem; P2

, internal or intraxylary phloem; x, xylem; ca
9
cambium; si, a

sieve tube.

Secondary Xylem (Metaxylem) is xylem layed down
the cambium.

Phloem 1
is that part of a vascular bundle that contains sieve

tubes, m parenchyma <

are, the most im

and often bast fibers. Th<

many Gymnoelements of the phloem. In Pteridophytes and

sperms these.and phloem parenchyma are alone present in the

1 The conducting elements of the phloem which comprise the sieve tubes,

companion cells and phloem parenchyma constitute the leptome.
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oem while in Angiosperms sieve tubes, companion cells,

phloem parenchyma

may occur in this re£

phloem formed

erome

Fig. 82.—A Polyarch Radial Bundle. Cross-section through a portion of a

root of Acorus calamus, a. monocotyledon. A, Cortical parenchyma; B, endodermis;

C, pericycle; E, phloem; F, xylem. At Y, T
y
are large tracheal tubes, which were

formed last, the narrow tubes near the periphery of the xylem being formed first.

At the center of the root, within the circle of the polyarch, radial vascular bundle,

occur thin-walled, parenchymatous pith cells. (From Sayre after Frank.)

Secondary Phloem (Metaphloem) is phloem formed by

the cambium.

Leaf and Branch Traces.—These are prolongations of the

vascular bundles from the stele of the stem which extend into

leaves and branches. (See Fig. 84.)

The Stele

The Stele represents the central cylinder of a stem or root

and includes all of the tissues interior to the cortex.
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A Prostele is a primitive form of stele in which the vascular

tissues form a solid cylinder, the phloem surrounding the xylem.

It occurs in young parts of stems of club-mosses, in the stems of

some ferns and in the roots of secondary growth of most plants.

(See Fig. 83A.)

A Siphonostele resembles the prostele except that a pith

occurs in its centre. There are two kinds of siphonosteles, viz.,

the ectophloic in which the phloem is external to the xylem, as

A B C
Fig. 83. arran

steles. A, protostele. B, siphonostele. C, dictyostele. (From "An Introduction to

Plant Anatomy by Eames and Mac Daniels, McGraw-Hill Book Co., Inc. Publishers.)

in the stems of gymnosperms and angiosperms, and (2) the

amphiphloic in which there is an external phloem outside the

xylem and an internal phloem on the inner face of the xylem,

as in the stems of some ferns and certain families of dicotyledons.

(See Fig. 83B.)

A Dictyostele is a siphonostele whose vascular mass is

mber

bundles. common to most monocotyl stems

sometimes (See Fig. 83C.)

Branch Traces.—These are strands of vascular tissue which

arise from the vascular bundles of the stele of the stem

out into the lateral branches. Usually two traces or

qhc^ fnr Mrh branch, but sometimes onlv one arises When
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trace

A

branch

branch
traces---

^ leafgap

leaH

'I

phloemS^ |
xylern

1-a
proto-
xy/em-

race

E
G

race

I

D H
ms illustrating leaf traces, branch traces and

and
A, longi-

similar
trace and gap also present. C, view of vascular cylinder showing departure of leaf
and branch traces, and the gaps associated with each. D, E, F, cross sections of
stem illustrated in A at levels a-a, b-b, and c-c, respectively. G, face view of outside of
cylinder shown in C, the leaf and branch traces cut away at the surface of the cylin-

der. H, transverse section of G at a-a. (In diagrams A-H the vascular tissue is not

and

being

In /,

I and

Mac
McGraw-Hill Book Co., Inc., publishers
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the branch supply consists of two bundles, these soon unite on
their way into the branch to form a cylindrical stele which
appears circular as viewed in cross section. In instances where
only one trace or bundle strand courses into the branch, this

appears in cross section as a horseshoe or crescentic structure

with an opening. The opening is closed as the trace passes

into the branch so that in the branch a complete cylindrical

stele is formed.

Leaf and Branch Gaps.—These are breaks in the continuity

of the vascular cylinder of stems around and above the places

where the leaf or branch traces leave the cylinder. The break

or opening is designated as a leaf gap or branch gap according

as to whether a leaf trace or branch trace is involved in its

formation. It contains oarench 1 ma
and pith are confluent. (See Fig. 84.)

Secretion Sacs (Secretion Cells)

These were formerly parenchyma cells which s

lost their protoplasm and nucleus and became i

mucilaee or some

ma regions of stems

leaves, flower or fruit parts and frequently possess suberized
X _

walls. Good may be seen in

Calamus

Intercellular Air Spaces

Intercellular air spaces are cavities filled with air found

between cells or groups of cells throughout the bodies of higher

plants. Their function is to permit of the rapid movement of

atmospheric gases through the entire plant body. They are

formed either by the breaking down of the middle lamella of

the cell walls, where several cells come together, and a later

separation of the cells at these places (Schizogenous intercellular-

air-spaces), or by a breaking down and disappearance of cell

walls common to groups of cells (Lysigenous intercellular-air-spaces).

In terrestrial plants which live in middle regions (mesophytes)

and in desert plants (xerophytes) the intercellular-air-spaces are

averagely small and more or less angular. In plants of swamp
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or marsh habit they are medium-sized, while in those which

live entirely in the water {hydrophytes) they are of large size and

more or less rounded.

Internal Secretion Glands and Reservoirs

These structures are either found as globular cavities as in

Orange and Lemon Peel and Eucalyptus leaves, containing oil

B

Fig. 85.—Cross section

through a portion of Orange

Peel showing the cavity of an

internal, schizogenous glob-

ular gland at g; crystals of

hesperidin at k; membrane
crystals of calcium oxalate

at k. (After Tschisch and

Oesterle!)

Fig. 86.—Lysigenous gland

in the leaf of Dictamnus fraxinella,

B, young glands, with cells

beginning to secrete oil; C,

mature gland where the secreting

cells have broken down and left

their secretion in the cavity thus

formed; 0, large drop of secreted

oil. (Stevens after Sachs.)

or oil and resin, when they are called internal glands, or, as tube-

like spaces filled with hydrocarbon principles, such as are found

in Pine leaves and stems, when they sometimes receive the name

of secretion canals or reservoirs. In the Parsley family these canals

are found in the fruits, where they are called vitta. Occasion-

ally they are named according to the nature of their contents

resin or oil canal, reservoir, etc. The internal glands usually

arise by the division of a cell or group of cells of the ground
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meristem but sometimes the dermatogen gives rise to them, as

in Clove, Myrtle, Asarum, etc., or both the ground meristem

and dermatogen may contribute to the formation of the same

gland. Internal glands and secretion reservoirs are termed

schizogenous when the secreting cells split apart at the center of

the group and draw away from the line of separation, as in the

A

vib

E

Fig. 87.—Schizogenous secretion reservoir (resin duct) as seen in cross section

andin the young stem of English Ivy. A, early

the duct, g, the mature duct; c, cambium; wh, phloem; b, bast fibers, r/>,

parenchyma. (Stevens^ after Sachs.)

stems and leaves of the pines; when they break down completely,

leaving their secretion in the resulting cavity they are termed

lysigenous, as in the rinds of the orange, lemon and other Citrus

fruits. The secretion reservoirs, also called internal tubular glands,

are formed by a long vertical series of cells forming a space

schizogenously or lysigenously. The schizogenous type of

gland and reservoir is lined with a layer of cells, usually more or

less flattened, which are characterized by possessing large nuclei.

To this layer has been assigned the name "secretory epithelium""
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Nectaries

Nectaries are nectar-secreting tissues, consisting either of

groups of modified cells or of specialized glands, tubes or cavities

found on insect-pollinated plants. The nectar secreting tissue

occurs usually on parts of the flower but may occur on petioles,

stipules, bracts or other structures. Nectar is a sugary secretion

which is exuded through the outer walls of the cells of the

Fig. 88.—Resin duct (secretion reservoir) in leaf of Pinus sjylvestris, in cross-

section at A, and in longitudinal section at B; h, cavity surrounded by the secret-

ing cells; /, /, sclerenchyma fibers surrounding and protecting the duct. (Stevens

after Haberlandt.)

nectary. When the nectar secreting tissue is superficial the

modified epidermal cells are often palisade-like or papillose in

form, but may consist of dense groups of club-shaped hairs.

In numerous plants as more elaborate structures such as sunken

pouches, as in the buttercups, or elevated glandular structures

lined with nectar secreting structures, as on the petioles of

Viburnum Opulus, etc.

Classification of Tissues According to Function.—
According to their particular function, tissues may be classified

as follows:
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I. Conducting Tissues

II. Protective Tissues

III. Mechanical Tissues

IV. Secreting Tissues

V. Storage Tissues

VI. Meristematic Tissues

Parenchyma (fundamental tissue)

Medullary rays

Xylem cells (wood parenchyma)

Tracheae (vessels) and tracheids

Phloem cells (phloem parenchyma)

Sieve tubes

Companion cells

Epidermis (outer cell walls cutinized)

Cork (suberized tissue)

Phloem fibers

Wood fibers

Sclerenchyma fibers

Pericyclic fibers

Stone cells

Collenchyma

Internal glands

Secretion reservoirs

External glands (glandular hairs)

Nectaries

Parenchyma

Reserve parenchyma

Medullary-rays

Wood parenchyma

Phloem parenchy

Laticiferous tissue

Primordial meristem

Dermatogen (protoderm)

Periblem (ground meristem)

Plerome (procambium)

Cork cambium
Cambium



Chapter VII

THE ROOT
Root

the soil, that never develops leaves, rather rarely produces buds,

and whose growing apex is covered by a cap.

The chief functions of a root are storage

support . Its principal function is the absorption of nutriment
and to this end it generally has branches called Rootlets that

are covered with Root-hairs which lamelv increase the ahsnrh-

Fig. 89.—Cross-section of rootlet in the region of the root-hairs. {From Stevens.)

ing surface. These Root-hairs are of minute and sim
merely elongations of the epidermis

for a short distance back of the root cap, into slender tubes with
mm . - ^^ a«

thin walls. 3plasm, saj

membrane
outer asma membrane against the covering cell wall of

icuolar membranes
epidermis which b

That

Piliferous Layer
Water Relation.—Under

to the growth of land plants, the soil is open and porous, the
particles of soil being separated by spaces containing air, while
every soil particle is enveloped by a film of water. The root-
hairs are in close contact with these soil particles (Fig. 92) and

152
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soil water from the films surrounding them soaks through their

cell walls into the root-hairs. This soil water is a solution of

mineralwwm In order to understand how this solution

passes into the root-hairs, it is essential to first understand the

osmosis

Diffusion.—This is the process whereby the particles of sub-

making up a solution tend to be uniformly intermi

may
tumbler

of water. The crystal slowly dissolves
_ _ — * m

and

posed

com

in time diffuse themselves

equally throughout the water, so that

the water is colored uniformly blue.

movement
from

of greater density or concentration to

lm

termed

Osmosis.—If the denser copper sul-

i solution in the bottom of the tum-

r were separated from the less dense

:er above by a semipermeable mem-

parchm
throu

membrane
become co

Fig. 90.—Osmosis. The

more rapid inflow of liquid

from A to B has elevated the

sion. Moreover, the water auuvc uic -*—~ _ w n .iviuiwvv.1,
• • -l a {From Browned s General

membrane would pass through it in the &.^ }

opposite direction and more rapidly

than the solution of the copper salt. It would continue to do

same

membrane. Diffusion through a p

It is a well-known law of physics that when two liquids or gases of

(osmotic) membrane

the membrane will

becomes the same The diffusion

more rapid from the less dense to the more



154 PHARMACEUTICAL BOTANY

NormallyOsmosis Applied to Root-hairs.—

the root-hairs is a denser liquid than the soil water outside of

N~

1 2 3 4

Fig. 91.—Successive stages of plasmolysis. jV, nucleus; V, vacuole; p, proto-

plasm; e, area formerly occupied by protoplast now replaced by plasmolyzing

solution. (Palladin after de Vries.)

the hairs. The outer plasma membrane and the vacuolar

membranes represent porous osmotic membranes separating the

denser solution within the hair
A

from the less dense soil water

without. The soil water

imbibed by the cell wall passes

by osmosis through the outer

plasma membrane, diffuses

through the cytoplasm to the

vacuolar membranes through

which it passes by osmosis into

the sap vacuoles and there

Fig. 92.—Root-hairs, with soil-particles

adhering. (Gager, after Sachs.)

becomes a portion of the cell

sap.

The kind of osmosisjust indi-

cated is known as endosmosis or

osmosis from without in. A
reverse process takes place

when small traces of CO?, acid

and other substances are excreted, e.g., passed out of the root-

hair. This is called exosmosis.
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Turgor.—If the cell sap of the root-hair or any other plant

cell becomes concentrated above that of the soil solution, the cell

is caused to bulge. This bulging is a manifestation of osmotic

pressure within and the condition resulting is termed turgor.

Cells of plants exhibiting this phenomenon are said to be in the

state of turgescence or rigidity. Since turgor is coexistent with

growth, conditions affecting turgescence affect at the same time

all growth processes.

Plasmolysis.—If root-hairs or other plant cells are placed in

solutions of a greater density than that of their cell sap content, as

for instance 5 to 10 per cent, salt or sugar solution, exosmosis

becomes more rapid than endosmosis. The cell sap is extracted

more rapidly than the fluid enters from without, with a result that

the protoplasm is loosened from the cell wall and caused to

collapse. This condition is called plasmolysis and the cell is said

to be plasmolyzed. Plasmolysis throughout a tissue or organ

results in wilting. Many plants wilt on account of too high a

concentration of soil solutes.

Absorption of Nutrient Salts.—The plasma membranes of

all living plant cells are permeable to certain solutes (substances

in solution) and impermeable to others. These membranes in

the root-hairs absorb each solute particle separately and accord-

ing to the need or attraction for that substance; this is called

selective absorption.

The higher green plants vary greatly in respect to their

mineral requirements. Of thirty-one elements found in the ash

of plants, only eleven occur regularly, e.g.—sulfur,_chlorine,

phosphorus, silicon, potassium, sodium. calcium
r
magnesium

,

iron, aluminum (a trace) and manganese (a trace). Ten
elements are absolutely required in the form of water-soluble salts

for the normal growth of higher green plants. These ten are

termed essential elements and comprise the following: nitrogen,

sulfur, phosphorus, calcium, potassium, magnesium, iron, manganese,

boron and zinc. Traces of copper have also been found essential

for the growth of some plants.

Importance of Essential Elements.—Nitrogen, sulfur and

phosphorus are constituents of proteids and so of protoplasm and

are essential to their formation. Without sufficient nitrogen,
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growth is retarded. Without sufficient sulfur, cell-division and

fruit formation are checked. Deficiency in phosphorus retards

the maturation of the plant.

Fig. 93.—Median longitudinal section through the root tip of the barley, k,

calyptrogen; d, dermatogen, c, the thick outer wall of the same; pr, periblem; pi,

plerome; en, endodermis; i, intercellular-air-spaces; a, cell rows which will develop

the central vessels; r, detached cells of root cap; s, starch grains in cells of root

cap. X 180. (After Strasburger and Koernicke in Lehrbuch der Botanik.)

many harmful

normal

leaf development. element

accomp

format
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Magnesium is a constituent of chlorophyll and accompanies
proteins. It is necessary for the formation of fats. Deficiency in

this element results in chlorosis and poor fruit formation.

Iron is essential to the formation of chlorophyll although it is

not a component of that substance. When deprived of iron,

green plants become pale and chlorotic, even though they are

grown in light.

While not absorbed as mineral salts, carbon, hydrogen and oxygen

are likewise indispensable elements. The very life of all plants

depends upon their availability. All three enter into the forma

asm
are essential to the formation of fats and oils. Water, which
makes up the greatest part of protoplasm and forms the solvent

for soil salts, consists of a combination of two parts of hydrogen to

one part of oxygen.

In determining which elements are essential for the normal

growth and health of plants, it is customary to grow them in

water solutions of various salts or in sterile sand or ground

pumice containing: a water solution of the salts.

Non These

elements include those which are also absorbed as water-soluble

salts but which are not required for the normal growth of all

plants. In many specific instances, however, they may be

beneficial.

element in many
grasses, sedges and scouring rushes. It occurs in the ash of

most

(H 2SiO mam
stems, leaves and seeds and affords protection from

hv the hxrnhpp and narasitic funei as well as from

animal

element

from

organs under natural conditions. Most
plete development without it. The question of its role still

remains

Aluminum is only occasionally found in plants. It is known to

influence the color of flowers in Hydrangea hortensis. When
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grown in forest or moor soil, this species has reddish flowers but

when grown in soil containing soluble aluminum compounds, its

flowers are blue. '
•

Regions of the Root.—There are five regions of a root

beginning with the extreme tip and passing backward. These

are the root cap, the embryonic region, the region of elongation or growth

in length, the region of maturation or cell differentiation and the

mature region (see Fig. 94). These phases of growth can be seen

in fixed and stained longitudinal sections of root tips.

Root Cap.—The tip of each root or rootlet is protected by a

smooth, sheath- or scale-like covering known as the root cap or

calyptra. This is a mass of cells which not only protects the

delicate cells of the embryonic region but serves as a mechanical

aid as the root pushes its way through the soil.

Embryonic Region.—This region is composed of small,

densely arranged, somewhat polyhedral or quadrangular cells

which undergo repeated division. This region is about a milli-

. meter in length.

Growing Point.—The growing point of the root of a seed

plant consists of a group of actively dividing cells directly beneath

the root cap. These cells make up the tissue called the primordial

meristem .

Primary Meristems.—Just in back of the primordial meris-

tem, the cells have begun to show differentiation into three

groups of tissues called primary meristems or generative tissues. In

the posterior part of this region the cells gradually cease their

rapid division and become larger due to the absorption of soil

water.

Generative Tissues.—The generative tissues directly back of

the growing point are, passing from the center toward the out-

side : plerome or procambium, producing fibro-vascular tissue (xylem

and phloem) and pith; periblem or ground meristem, producing

cortex including endodermis, and pericycle; and dermatogen or

protoderm, producing epidermis. The name calyptrogen has been

given to those cells of the primordial meristem which form the

root cap. (Cf. Fig. 93.)

Region of Elongation.—This region occurs just behind the

embryonic region where the cells enlarge chiefly in length. Root
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Region of

Maturation

Region of
Elongation

Embryonic
Region

Fig. 94.—Lengthwise section of a root tip (diagrammatic), showing its various

regions. (From "A Textbook of General Botany" by Smith, Overton et al., Macmillan

Co., Publishers.)
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hairs begin to make their appearance in this region,

in size and shape of the cells also begin to occur here.

Differences

Region of Maturation more

become

become

region.

Root

Mature Region.—This region is the part of the root between

the region of maturation and the base of the stem. In its lowest

part the primary tissues have been laid down by the primary

meristems. These, in order of their arrangement from the

periphery to the center, are the epidermis, primary cortex (composed

of parenchyma), endodermis,pericycle
y
radial vascular bundle composed

of alternating strands of primary xylem and primary phloem, and
pith (composed of parenchyma). Root hairs usually occur in this

lower region as outgrowths of epidermal cells but gradually

disappear in most roots as we pass further uoward.

Differences between Root and Stem
The Root

1. Descending axis of plant.

The Stem
1 . Ascending axis of plant.

2. Growing point sub-apical, being 2. Growing point apical, but covered

covered by the root cap. by protective bud scales or young
foliage leaves.

3. Contains no chlorophyll. 3. Chlorophyll sometimes present.

4. Does not bear leaves or leaf rudiments. 4. Bears leaves and modifications.

5. Branches arranged irregularly, and 5. Branches with mathematical regu-

arising from deeper tissue. larity, the branches arising at

surface of stem, in axils of leaves

and from nodes.

6. No division into nodes and internodes. 6. Division into nodes and internodes.

7. Internal structure different. 7. Internal structure different.

Roots as to Order first

root, a direct downward growth of the radicle (from embryo
within seed), which, if greatly in excess of the lateral roots, is

tap

primary

may Both

primary and secondary roots may be eitherfibrous orfleshy

3. Adventitious roots are such as arise from anv oarl

mbryo or normal root system. Exam
Roots developing on Bryophyll
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from stem

moist sand; roots arising from stems of climbing

ip roots or brace roots are such as grow out of the stem
short distance the

and extend diagonally into the

ground, serving as supports to

the stem.

Corn and Pandanus.

-

Examples: Indian

5. Epiphytic roots are the

roots of epiphytes or air-plants,

many of which are common
to tropical forests. In some
instances, as in Vanilla and
other epiphytic Orchids, these

roots, arising from aerial stems,

hang down free in the air and
absorb water from rain by
means

ermis In

others, as in the English Ivy,

several short roots grow out of

the stem at various intervals

and adhere by their tips to

walls, thus serving as supports

for climbing.

The Banyan {Ficus religiosa)

of India can extend itself over

large areas by means of its aerial

roots. These extend down ver-

tically from horizontal branches ph

. i :i_„ W

Fig. 95.— Vanilla planifolia, an epi-

form ti

themsel
Agr.)

(Gager, after Ataxon, U. S. Dept.

Haustoria

them

These

[merit,

The
Dodder and Gerardia are typical

shaped

Classification of Roots as to Form.—Fusiform, or spindle
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Napiform, or turnip-shaped, somewhat globular and becoming
terminating

turnip and some

diameter

Mapl
Fibrous, when very slender or fiber-like, as in the grasses and

cereals.

Tortuous, when irregularly

bent or twisted, as Pareira.

Nodose, when swollen at

intervals in its course and
fibrous otherwise, as the roots

of the Dropwort.

Moniliform, when the swell-

ings occur at very close intervals

giving the root the appearance
of a close chain of beads.

Tuberous, when fleshy,

swollen, especially in the central

portion, and resembling tubers

in shape, as in Jalap and the

Sweet Potato.

number
simi

flow

Fig. 96.—Dodder (Cuscuta sp.) in

t. Parasitic on a golden rod

roots occur

the Dahlia.

Root Consistency or Tex-
(Soiidago ulmfolia). (Gagcr, photo by Elsie ture.—In this particular, roots

***"' are termed woody, when the

inmate

a cluster, as in the Dahlia.

Dr ration of Root

omi nates andfleshy, when the soft eel

Fleshy roots may be (1 ) simple or sinj

mber arise from the base of the stem

duration of the root, as follows.

Plants are classified according to the

1.

ment
plants

They complete their gro\
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flowers, fruit and seed in a single season, then die. Examples:

Stramonium, Lobelia, etc.

2. Biennial plants develop but one set of aerial organs the
-

first year, e.g., the leaves, and, as Digitalis, Conium, etc., a large

amount of reserve food material is stored in the roots for the

f

Fig. 97.—Photomicrograph of a transverse section of the stem of a dicot

yledonous host-plant infested with the parasite, Dodder. Note the haustoria extend

ing from the Dodder (D, D') into the cortex of the host (H). Greatly enlarged

(Gager.)

support of the plant the following season, when it flowers, fruits

and dies.

3. Perennial plants are those whose roots or underground stems

and roots live indefinitely, as trees, shrubs and perennial herbs.

Root Histology.—The histology of roots varies, depending

upon character of the surrounding water relations or soil in which
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the plants are accustomed to live which may be aquatic, meso-

phytic, halophytic or xerophytic, etc.

Aquatic plants or hydrophytes are those which live in water or

wet soil as the water-lilies, calamus, cat-tails, etc.

Fig. 98. oot systems. Fleshy tap root of Carrot (1); napiform root of a

Radish (2); multiple, tuberous roots of a Dahlia (3); nodose roots of the Dropwort

ass Orchid (6).

Mcsophytic plants or mesophytes are those which thrive with a

moderate supply of moisture, as most of the land plants of our

fields and meadows.

Halophytic plants or halophytcs arc those which thrive in salt

marshes, on saline flats n ir the sea coast and on the alkali flats of

the interior, as the salt marsh samphire, the mangroves, cheno-

podium, etc.

Xerophytit plants or xerophytes are tlmse which thrive in very

dry soil, as the cactus, century plant, hemlock, spruce, etc.
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I*

Histology of Monocotyl Root

In this connection we will discuss only the type of greatest

pharmacognic importance, i.e., the mesophytic type as seen in its

most typical form in the transverse section of a Smilax root.

Examining such a section from periphery toward the center,

one notes the following:

1

.

Epidermis (derived from dermatogen) of a single layer of

cells many of which give rise to root-hairs.

2. Hypodermis (derived from periblem) of one, two or three

layers of cells whose walls are extremely thickened.

3. Cortex (derived from periblem) consisting of a broad zone
of parenchyma cells many of which contain starch grains.

4. Endodermis (derived from periblem) of one layer of endo-

dermal cells whose walls are extremely thickened through the

infiltration of suberin and lignin.

5. Pericycle, also called pericambium (derived from periblem),

of one or more layers of meristematic cells whose walls are

extremely thin.

6. A radialfibro-vascular bundle (derived from plerome) ofmany
alternating xylem and phloem strands and hence polyarch. The
phloem tissue consists of phloem cells and sieve tubes arranged in

small ovate areas beneath the pericycle and between the outer

reaches of the xylem strands. The xylem is composed of xylem
cells, tracheae and wood fibers.

7. Medulla or pith (derived from plerome) composed of paren-

chyma cells containing starch and often showing xylem patches

cut off and enclosed within it.

endodermis

Stele.

Smilax root resembles most m
ing no secondary increase in thickness which is sometimes

called secondary growth. Secondary increase in thickness is the rule

in roots of most dicotyledons and gymnosperms and is due to the

formation in those roots of a cambium. No such tissue arises in

most monocotyl roots. However, some difference in diameter

will often be noted between sections cut through the same root at

different levels above the root cap. those cut nearer the stem end
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,—Cross section through a representative portion

of a species of Smilax. (X 70.) ep 9
epidermis; hy\ hypodermil with lignified radial

parenc hvma; en, rndodermis whose radiaf and inner

than

md
tube

Note the
f 7

and phloem strands collectively constituting a poly

ascular
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being broader. The explanation is that the cells in the broader

sections have become larger through the process of growth,

rather than having been augmented in number.

Histology of Dicotyl Roots

The typical dicotyl root is a tetrarch one, which is a root

whose radial bundle exhibits four

xylem patches alternating with four

oem
inn

patches. These roots usually

have an un

The early growth is called primary

growth which means first growth and is

represented in sections cut a little above

the root cap in the region of the root

hairs. Above primary

f
changes are taking place in the root

which lead to the appearance of

secondary structure.

A transverse section of a dicotyl

root in its Young Growth shows the

following structure from periphery

rom dermato Fig. 100.—Cross-section of

toward center:

1. Epidermis (

With CUtinized OUter Walls, the Cells a young root of Phaseolus multi-

florus. A, pr, cortex; m, pith; x,

stele or central cylinder—all
form

2. Primary cortex (from periblem) tissue y/Ati6n the pericyde,

parenchyma Cells with Usually small inclusive; g9
primary xylem

Whenever the bundles
; *> primary phloem

intercellular spaces.

outermost layer or layers of cells of ^"J^^ rf^^taLJd
bundles. B% cross-section of

more
term hypodermis

as in A; b\ secondary phloem;

k, cork. (Stevens, after Vines.)

em
rom periblem) or innermost layer of

the cortex, with lenticularly thickened radial walls.

4. Pericyde (Pericambium) (from periblem) of one

of actively growing cells which may produce side re

5. Radial jibro-vascular bundle (from plerome) of

primary phloem (protophloem
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patches alternating with as many primary xylem (protoxylem)

arms. It is not uncommon to find bast fibers along the outer

face of each phloem patch. Xylem has spiral tracheae, internal

Cork
i

I

I

Cambium

Dead Cortex ~ ~

Cortex^

9

Root Hair

-Endodermis

Root Cap

Fig. 101.—Diagram of a longitudinal section of a root, showing secondary

thickening and the disappearance of the primary cortex. Endodermis then

becomes surface layer beneath which is formed the cork by the pericycle./> l
,/>

2
,/>\

phloem formed during first, second and third years; xv\ xy2
y
xy\ xylem formed dur-

ing first, second and third years. (Mottier.)

to these a few pitted vessels, then, as the root ages, more pitted

vessels, also xylem cells and wood fibers make their appearance.

6. Pith (from plerome), a small zone of parenchyma cells

(not present in all dicotyl roots of primary growth).



THE ROOT 169

Histology of Transitional Growth and Development of

Secondary Structure.

At about six weeks of growth, one notes cells dividing by

tangential walls in the inner curve of each phloem patch- This is

into ({fascicular cambium. Its cells in each location start to cut offon

their inner side a quantity of secondary xylem and add a little

secondary phloem on their outer side. The protophloem tracts

become pushed out and the protoxylem tracts in. The pith (if

originally present) disappears as the protoxylem encroaches upon

it. Secondary xylem finally fills up the patches between the

arms. The pericambium has a tendency to start division into an

outer and an inner layer. The outer layer becomes a cork

cambium (phellogen) surrounding the bundle inside of the endo-

dermis. It cuts off cork tissue on its outer face, hence all liquid

material is prevented from filtering through and cortex including

endodermis, as well as the epidermis, shrivel, dry up and separate

off at the age of two to three months. The cork cambium

(phellogen) lays down secondary cor(ex internal to itselfand external

to the phloem.

Patches of cells of the inner layer of pericambium divide rapidly

and are called interfascicular cambium. These join the intrqfascic-

ular cambium to form a continuous cambium ring which then cuts

off additional secondary xylem on its inner face and additional

secondary phloem on its outer face pushing inward the first-

formed or protoxylem and outward the first-formed or proto-

phloem. Medullary-rays are formed by the cambium as it cuts

off secondary xylem and secondary phloem elements.

Thus, in a transverse section made through a portion of a

Dicotyl root showing secondary growth, the following regions are

noted passing from periphery to center:

1. Cork

2. Cork cambium (phellogen)

3. Secondary cortex

3 /4. Protophloem

«§ v \5. Secondary phloem
> 2
I

o % {6. Cambium
7. Secondary xylem

fe JS \8. Protoxylem
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9. Strands of cells extending radially from the cortex to the

center of the section separating each open fibro-vascular bundle

from its neighbors. These are called

ylem
medullary

em
medullary-rays and so is sometimes called a Wood Wedge
xylem portions of the medullary-rays between the wood
are termed Wood-rays.

The

M^MH H
L
l

J^*»j*jf _l_^fc_fc m

\

m

Fig. 102.—Photomicrograph of a transverse section of a California Privet root

of primary growth showing epidermis (ep); hypodermis (h); primary cortex (pc)\

endodermis (en); pericambium (pea); a xylem arm of the radial bundle (x); a phloem

arm (ph)\ and pith (m). X 40.

Histology and Development of a Typical Digotyl Root

(California Privet). Make a permanent mount

Calift

cut just above the root cap, and note the following structures,

from

1. Epidermis, composed of a layer of epidermal

er walls have been infiltrated with a substance c

Hypodermis, a layer somewhat thick cells just

ermis

3. composed of cortical parenchyma cells with small

gular, intercellular
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4. Endodermis, or innermost layer oi

radial walls are lenticularly thickened.

5. Pericambium (Pericycle), of a layer

stematic cells, which has the power of i

men

mr

Fig. 103.
root

Themade about \}i inches above the root tip and showing transition structure,

epidermis (ep), primary cortex (pe) and endodermis are in the process of sluffing

(p

dodermis«ic ^iiu^^—.. The cork cambium has also formed several layers of secondary

cortex C^a its inner face. The protophloem (pp) represented largely by hard bast

has been pushed out, while a small amount of secondary phloem (sp) represented

by soft bast has been deposited beneath it by the cambium (c) which now is

nearly circular in aspect. ip

by the encroaching secondary xylem (sx) which has been laid down by the cambium

on its inner face, mr, medullary ray. Highly magnified.

6. Radial fibro-vascular bundle of five or six primary xylem arms

many primary phloem Note the

em

7 PitK a small central zone of parenchyma
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The section you have just studied illustrated in general the

appearance of any Dicotyl root of primary growth.

B. Mount permanently another cross section cut through the

same root a short distance above the first.

Note that this is somewhat larger in diameter. Observe the

root hairs starting from the epidermis; a broad cortex; a large clear

Fig. 104.—Transverse section of California Privet root (X 35) made a short
distance above the section shown in Fig. 103 and showing further secondary
development. More secondary xylem has been laid down on the inner face of

im and there has been a slight increase in the secondary phloem. epy

cambi

ermis

bium; sc, secondary cortex; pp, protophloem; sp, secondary phloem; c, cambium; sx,

secondary xylem; px
y protoxylem.

P> a central
patch of xylem showing a faint pentarch relation. Pushed out are

phloem trac ts

.

composed of a mass
protophL formed phloem). On the inner face of each

oem mass may be seen intrqfascicular At the outer
em

cambial cells {interfascicular cambium) which becomes joined
intrafascicular cambium to develop secondary phloem on the
surface and secondary xylem on the inner face.
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C. Mount permanently a third T. S. cut through the same

root a short distance above the second. Note that this is still

diameter The/?

divided into an inner and an outer layer. The outer layer has

become the cork cambium, cutting off the cork on its outer face

.

Fig. 105.—Trans

a half above the section shown in Fig. 104 and showing early secondary structure.

Note that epidermis, primary cortex and endodermis have completely disap-

peared. Cork (ck); phellogen (ph); secondary cortex (sc); protophloem (/>');

secondary phloem (/>*); cambium (c); secondary xylem (*
2
) and protoxylem {x ).

(Photomicrograph, X 40.)

endodermis

to water, has prevented

impermeabl

ao from pe

through to endodermis, cortex and epidermis. These

regions have consequently begun to sluff off. Note that the

cambium has begun to spread out into the form

econdary xylem has been formed

econdary phloem has appeared on

More
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D. M^ke a permanent mount

Dugh tt1^ same root some distanc

?piderr/^is) primary cortex and endodermis have com
Note

off. Cork u found as the external bounding layer and underneath

it <w£ cambium. This cork cambium has developed secondary

mr

Fig. 106.--Photomicrograph of a transverse section of an older portion of Cali-

fornia Privet ro°t, showing further secondary development. X 35. Note the

prominent medullary rays (mr); cork (ck); phellogen (pk); secondary cortex

(between ph #nd P')\ protophloem (p
f

); secondary phloem (p
2
); cambium (c);

secondary xylcm (*
2
) 5 the leader pointing to a trachea; wood fibers between

tracheae; and protoxylem (*').

assumedcortex on its inner face. The cambium has

aspect. Just beneath the secondary cortex will be found flat

tened patches of protophloem, and beneath these secondary fihloer?

masses have been formed through the activity of the cambium
cambuim

formed or p
center of tfre r°ot. The pith has disappeared and its place is

lem
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Abnormal Structure of Dicotyl Roots.—In certain

J Pareira, and Poke, after the

normal bundle system has been formed

passive circles of cambiums in the cortex

Fig. 107.

Spark's variety,

Cross section of the daughter tuberous root of Aconitum Napellus,

cut slightly below mid-region. Photomicrograph X 25. ep,

aparKS variety,^ ^5-v
, .? .

sieve strands in inner bark; c,

epidermis; be, primary cortex; en, endodermis, St, sieve sira

cambium; wP , wood parenchyma; x>, tracheary tissue of xylem; m, pith.

Each of these cuts off phloem on its outer face and xylem on its

inner face, thus producing concentric series of open collateral

(Aconitum).—bundles.

Histology
made

Napellus vary
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they are cut and upon whether cut from the daughter or parent

tuberous root. In general, the commercial root shows the fol-

lowing internal structure: An outer layer consisting either of an

epidermis or, in older parts, of one or more rows of suberized cells

with blackish-brown walls, beneath which in younger portions of

the root occur a primary cortex of starch containing parenchyma in

which occur scattered stone cells of numerous shapes and a modified

endodermis, all or a portion of these regions being suberized in older

parts, forming a brown tissue called metaderm or entirely exfoliated;

an inner bark of numerous rows of starch parenchyma and scattered

islets of sieve tissue. Stone cells may occur in this zone directly

under the endodermis. Next, a five- to eight-angled cambium,

in each angle of which is a 2- to 4-rayed collateral vascular

bundle. In some sections of Aconite roots smaller bundles may
be found between the angles and along the cambium line. In

the center is found a broad, five- to eight-rayed pith composed of

large parenchyma cells. The parenchyma cells of the cortical

regions and pith contain single or two- to five-compound starch

grains.

Root Branching.—The branches of roots are formed by the
ft

pericycle. The cells of this region adjacent to the protoxylem

undergo division by laying down tangential walls forming a mass

of meristem. This meristem develops a root tip which pushes its

way out laterally through the tissues of the primary root (Fig. 1 08)

.

In its passage outward, enzymes are secreted by its cells which

dissolve the tissues in its path, the root growing into the cavity

thereby formed. The first branches of a root are termed secondary

roots. These may give rise to branch roots and those to further

branches by the same method.

Root Tubercles

families

some species of the Birthwort family

them
nodule-like swellings called root tubercles.

Leguminous Tubercles.—In the case of the members of the

m family (Leguminosce), the causative factor is a species of

teria named Pseudomonas radicicola. This is a motile rod-
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Endodermis

\

PericycL

/

Pericycle

Endodermis

m
Cortex

Crowing Point

of Root Branch

Root Cap

Fig. 108.—Cross section of root of lupine, showing a secondary root breaking

through the cortex. (From Curtis.)

Fig. 109.—Root system of a legume showing tubercles. (Marshall.)
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ganism It is

ummous
chemotaxic influen

by these structures.

-

number of these organisms

enzymic Upo
form

^..^iljf

0.
^

mi

/

*L>
":.•

)

**\ oV 3

cells. Within the cortex cells

the organisms multiply rapidly

producing nest-like aggrega-

tions. Their presence here

stimulates the rapid multipli-

cation of the parenchyma cells

with the consequent forma-

tion of nodules or tubercles.

Under immersion magni

Fig. 110.

—

Pseudomonas radicicola. 1,

liom Mfldotus alba; 2 and 3, from

fication these bacteria are often

found to exhibit variously

shaDed forms called involution

Medicago sativa; 4 and 5, from Vicia villosa. forms. They remain within
(Marshall)

Lipman.)

starch ;

Harrison the cells of the middle cortex

region breaking down the

>ounds. In doingsunnier com
this the Pseudomonas obtains the energy required to "/?.

free atmospheric nitrogen.
'- *i 5>

the
1

fixation of

atmosph and consists of uniting the free nitrogen

other elements to form a nitrogenous com-
pound. i.Ysimi

bacteria gradually swell up into zoortcea masses

finally their bodies break down into soluble nitrogenous sub-

assimil

stored as reserve nitrogenous food

plant.

Rotation of Crops.—Uoon th

green leguminous

leguminous
roots and their bacteria in the soil, the nitrogenous com
are set free and are ready to be decomposed by varic

organisms into the various decomposition products, in<

amino-acids and ammonia.
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modern rotation of crop

minous

ample nitrogenous ma
xogen-consuminer olar

cabbage, potatoes, etc.

Many strains of Pse

of lesruminous croo. ( many of these, such as "Nitro
Germ, 55

etc. are now obtainable from

Fig. 111.—Tubercular clusters on underground stem and roots of a Bayberry;

Mvrica Macfarlancz, observed by the author at North Wildwood, N. J., Jan. 31,

1915.

Myrica Tubercles.—The writer has found tubercles on
Myrica cerijera, Myrica Caroliniensis and Myrica Macfarlanei seedling

primary roots of 5 to 6 months 5 growth, and from thence onward
on the secondary roots inserted on the hypocotyl axis, on nearly

all the adventitious roots of subterranean branches and on the

subterranean branches of Myrica cerifera, M. Caroliniensis, M. Gale,

M. Macfarlanei, and Comptonia asplenifolia. The inciting organism

has been isolated by him in pure culture, according to Koch5

s

postulates, and named Actinomyces Myricarum Youngken.
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The tubercles occur either singly, as is frequently the case on
small

Fig. 112. leguminous plant Brownell
General Science.)

compact
the size of a black walnut. Each tubercle is a short, cylindrical,

blunt-ended, root-like structure which branches di- or trichot-
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AmmoniCL

JJead
Oyctmsms

Fig. 113.—Nitrogen cycle. (Marshall.)

Fig. 114. Ectotrophic mycorrhiza of the beech {Fagus); a, humus particles; b,

strands of fungus hyphae penetrating the soil. (Palladin.)
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omously after attaining a certain length. The branches fre-

quently rebranch at their tips which grow out into long

thread-like structures from 1-3 cm. in length that may also

branch and become entwined about the roots of other plants.

The color of the youngest tubercles is a pinkish-gray brown. As
the tubercles become older their color changes to brown,
brown and even black.

dark-

The Nitrogen Cycle

form
found in the soil and water. The nitrates are absorbed by the

plant and split up within its cells into the

component elements, the nitrogen of which
is linked with some other simple elements
there present including carbon, hydrogen,
oxygen, sulfur and sometimes phosphorus
to form proteins. Animals eat the plants

and part of the proteins are digested by
them and excreted as urea, uric acid and
hippuric acid. These products are later

Fig. 115.—Endo- decomposed by bacteria (micrococcus urece,
trophic mycorrniza in ._ \ , r .

* 7

epidermal cells of the
etc -J to form ammonia. The remainder of

root of a member of the milated
heath family, Andromeda the growing animal cells. When the ani-

C'eri sletioT (pZ maIs die ?» bodies decaY and the pro-

din.)
*ein or nitrogenous compounds are split

into decomposition products (peptones,
amino-acids, ammonia) of which ammonia is the final end
product.

The soil contains Nitrifying Bacteria. Of these the Nitro-
somonas and Mtrosococcus secrete enzymes which oxidize ammonia
to nitrous acid. Some of the nitrous arid is

form nitrites. Another
anism Nitrobacter secretes enzymes

form
then combines with other substances (bases) in the soil formin
nitrates, thus completing the cycle.
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Mycorrhiza
-

The roots of many plants, especially those growing in humus,

are associated with fungal hyphae which form a weft over their

surface, as in the case of the beech, etc., when this weft is called

an ectotrophic mycorrhiza, or the surrounding hyphae may penetrate

into the cells of the roots, as in many plants of the Heath and

Orchid families, when the association is termed an endotrophic

mycorrhiza-

There are a number of plants, particularly non-green seed

m
norm

>t containing them. Mycorrhizae assist the r

nt materials from the soil.

number of mushrooms form ectotrophic m
the roots of trees.



Chapter VIII

THE BUD

Buds are short, young, undeveloped stems or

imentary leaves compactly arranged upon them
plumule represents the first bud on the initial stem

caulicle.

rudiments

med

them
from sudden changes in climate. Buds of this character are

common among shrubs and trees of temperate regions. The
official Poplar Bud is an examole.

Naked

common The rose buds, head of

exam
Classification of Buds According to Development.— 1 . A

leaf bud is a young shortened shoot bearing a number of small

rudiments of leaves. It is capable of elongating into a branch
which bears leaves. The leaf buds of Populus balsamifera and
P. candicans are official in the National Formulary.

2. A flower bud is a rudimentary shoot bearing one or more
concealed and unexpanded young flowers. The drug Clove is

exam
form

stem

concealed, unexpanded leaves and flowers. The buds which
give rise to flowers and leaves on the apple trees are mixed buds.

Classification of Buds According to Position on the
Stem.— 1. A terminal bud is one which is located on the end of a
stem (shoot). It is capable of elongating into a shoot which
bears leaves or both leaves and flowers.

2. An axillary or lateral bud is one which arises in the leaf axil.

It is capable of giving rise to a side branch or to a flower. Occa-
184
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sionally axillary buds do not develop and are then called

dormant buds.

3. An adventitious bud is one

which occurs on some position

of the plant other than at the

terminal leaf-bud

stem i/'i

a leaf. may

flower-buds^

\stipule-scar

developing along the veins of a

Begonia leaf or in the notches

along the margin of a Bryo-
leaf- scars*- -~^ m

'

-*

V* ^'

Hum tenticels

moist
\

m

*>

'

'

) lateral leaf-buds

latent &ud*~4
. »

i

-terminal bud-scar

several days. The roots of the

poplars, willows, cherries and

many other trees develop

adventitious buds underground

which develop suckers which

may eventually become mature

plants that lead an independent

existence.

4. An accessory bud is an extra

bud which forms in or near the

leaf axil. These may be seen

on the young stems of the Red

Maple.

5. A sub-peiiolar bud is one

arising beneath the basal part of

the petiole or leaf stalk, so that

when the leaf falls off the bud

becomes exposed, as in

Buttonwoods.

Classification of Buds

According to Their
Arrangement on the Stem.

1. When a single bud is

found at each joint or node of a stem, the buds are said to be

alternate.

2. When two buds are found at a node they are opposite.

3 When several buds occur at a node they are whorled.

u 4

ower-bud-scars

%

\,

the

one year
old branch

',. 116.—Cottonwood twig, two y(

old. (From Robbins after Longyear.)



Chapter IX

THE STEM

The Stem is that part of the plant axis which bears leaves or

modifications of leaves and its branches are usually arranged with

mathematical re

Stems usual]

heliotropic.

stem

leaves, branches and reproductive organs, connect roots with

minerals in solution from

from

roots and to store reserve foods.

When the stem rises above e

When no stem

shrubs, geraniums

plant is said to be acaulescent, as the Bloodroot and Violet.

Stems vary in size from scarcely 3^5 inch in length,

certain mosses, to a remarkable height of 400 feet or more,

giant Sequoia of California attains the height of 420 feet and has a

The

diameter Some
Tasman

attain the height of 500 feet.

Nodes and Internodes.-

They represent the parts c

branches arise. Internodes

;

Direction of Stem Gro
stem is uprierht or erect.

stem from

stems.

yes or

stems

Very frequently it may
growth

Ascending, or rising obliquely upward. Exampl Saw
Palmetto

afterward

trailing upon the gound. Examples: Raspberry and Blackberry.

Procumbent, lying wholly upon the ground. Example
Pipsissewa.

186
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Terminal Bud

tf

Decumbent, when the stem trails and the apex curves upward.

Examples: Vines of the Cucurbitacece or

Gourd family.

Repent^ creeping upon the ground

and rooting at the nodes, as the

Strawberry.

Stem Elongation.—At the tip of

the stem there is found a group of

very actively dividing cells {primordial

meristem) which is the growing point

of the stem. All the tissues of the

stem are derived from the cells of the

growing point whose activity gives

rise in time to three generative regions

which are from without, inward:

1

.

Dermatogen or protoderm forming

epidermis;

2. Periblem or ground meristem form-

ing the cortex, pericycle, and pith.

3. Plerome or procambium forming

the fibro-vascular elements.

Duration of Stems.

Annual^ the stem of an herb whose

life terminates with the season.

V V

Auxiliary Bud

-~ - Leaf Scar

Ja Lenticel

Exampl
Leaf Scar

i)

stem ! \ » » * .»«[»f
V

many Exampl Oak
V*

Scars of Terminal

Bud Scales

Forms of Stems.—The following
"A. r \

armaco
,

"'fM""'^"^-^yein Scars

and botanical literature in relation

to the form stems and some A
I

It

instances other plant organs: Cyhn-

draceous or cylinder-shaped; subcylin-

dried or somewhat cylinder-shaped;

terete or circular in cross section; com- branch of the horse-chestnut

*

Fig. 117.—End portion of a

pressed or pressed together above and

below or laterally; triquetrous or three-
winter

hippocastanum ) in the

iition. (Mottier.)

Lged; exfoliating or
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shedding cork in layers; obconical, or having the shape of an

inverted cone;jlexuous or bent; tortuous or twisted; truncate, or end-

ing abruptly, as if cut across at the summit.

Stem Modifications.

Twining stems are those which coil spirally around a support,

as the stems of the Hop, Bittersweet, Dodder, etc.

Tendriliform stems are those which undergo thread-like modi-

fication and become sensitive to contact of a side branch or other

Growing Point
obJect >

coiling around it, as in

Passion flower, Grape, Squash,

~~~Z>Leaves
etc.

Spines are formed by the

checking and hardening of a

—n branch that may then become

"\ Axillary Buds defensive, as in hawthorn,

L.J honey locust, etc.

Aerial tuberous stems are those

in which one or more inter-

/ nodes enlarge above ground

StZnds anc* store reserve food, as in

Fig. 118.—Diagram of a longitudinal pseudobulbs of Orchids.

section through the tip of a stem. 1,2, Subterranean tuberous stems
3, 4 successively older beginnings (pri- are those fa wWch ^ ^^
mordia) ot leaves. (Mottier.)

ground stem or branch enlarges

as a food-storing center: (a) annual type, tuber, as in potato, etc.,

corm, as in crocus, etc.; (b) perennial type, bulbs as in lily (scaly)

and onion or hyacinth (tunicated).

Ruscus, etc.

phylloclades are green, flat, leaf-like stems ir

inch expansion has occurred, as in Asparagus

Cactoid stems are those in which reduced, condensed branches
or stems become swollen for water (and food) storage, as in Cacti,

some Euphorbia species, etc.

Above-ground or Aerial Stems.—A twining stem winds
around a support, as the stem of a bean or Morning Glory.

A culm is a jointed stem of the Grasses and Sedges.

A climbing or scandent stem grows upward by attaching itself

to some support by means of aerial rootlets, tendrils or petioles.

Examples: Ivy, Grape, etc.
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The scape is a stem rising from the ground and bearing flowers

but no leaves, as the dandelion, violet, or blood root.

A tendril is a modification of some special organ, as of a leaf

stipule, leaflet or branch, capable of coiling spirally and used by a

plant in climbing. The tendrils

of the Grape Vine are modified

inflorescence branches, those of

Sarsaparilla are modified stipules

and those of the Pea are modified

leaflets. The ends of the tendrils

of the Japan Ivy become swollen

and flattened, forming adhesive

discs which cling to objects with

which they come into contact.

A spine or thorn is the indurated

termination of a stem tapering to

a point, as the thorns of the Honey

Locust.

Prickles are outgrowths of the

epidermis and cortex and are seen

on the stems of the roses, green-

briers, etc.

A stolon or runner is a prostrate

or reclining branch, the end of

which, on coming in contact with

the soil, takes root, so giving rise

to a new plant. Examples:

Currant and Raspberry. Short

Houseleek

called offsets

A bulbel or small

Fig. 119.—Tendril of Bryony (Bryonia

dioica). (Palladin.)

bulb-shaped, young aerial shoot which serves as an organ of veg-

multinlication bv falling ofi the stem

exama new plant. The Garlic and Tiger Lily are good

plants which produce bulbels.

An herbaceous stem is one which is soft in texture and readily

broken. Example: Lily-of-the-Valley.

An undershrub or suffruticose stem is a stem of small size and

woody only at the base. Examples: Bittersweet, Thyme, etc.
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A shrubby or fruticose stem is a woody stem larger than the pre-

ceding and freely branching near the ground. Example: Lilac,

etc.

main stem

A twig is that portion of a woody branch which has developed

during the last growing season.

Herb, Shrub and Tree

An Herb is a plant whose stem does not become woody and
permanent, but usually dies, at least down to the ground, after

Fig. 120.—An elm tree in summer and winter. To illustrate alike the deliques-

cent habit of branching and the deciduous nature of this tree (dropping its leaves

in autumn and developing new ones in the spring). (Atwood.)

flowering. Herbs are either annual, biennial or perennial (see

pp. 162-163). When a perennial herb possesses an aerial stem
which develops leaves that persist on the stem over winter, as

the Partridge Berry, it is called an evergreen herb.

A Tree is a perennial woody plant of considerable size,

attaining a height of 15 or more feet, and having as the above-

ground parts a trunk and a crown of leafy branches.
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There are two plans of branching in trees. When
main stem

the pines, junipers, spruces and other conical trees, the type of

more

elm

said to be deliquescent.

mon one amon

more com

Fig. 121.—A, tunicate bulb of Onion (Allium Cepa), in longitudinal section;

B, Scaly bulb of Canada Lily (Lilium canadense); C, Same as B, but in longitudinal

section; D, Bulb of Garlic (Allium sativum) with portion of the scales cut away so

as to enclose the young bulbs within; E, Portion of stem of Tiger Lily (Lilium

axils

terminal and one lateral bud. The horizontal lines represent the scars of the few

scales that have been removed. At the base is the remnant of last year's corm.

The various buds will develop into new corms. F, Vertical section of a familiar

H flat corm of Cyclamen; I, Bulblets at the apex of a flower stalk of the

Onion. (After Gager.)

corm

smaller

stem

ground. Examples: Viburnum, Elder, Buchu, Krameria

Fall of Leaves. autumn from

gymnosperms

formation

or band of delicate cells. The cellulose walls of these break down

forms a mu
the middle lamellae between

become ruptured and the leaf A protec-
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tive layer of cork is developed beneath the abscission layer either

before or after the fall of the leaf which seals the wound and forms

the leaf scar. The shape of many of the leaf scars are diagnostic

for the stems bearing them.

Underground A Rhizome is a

stem, more

from its lower surface and stems or leaves from its upper. The

rhizome grows horizontally, vertically or obliquely, bearing a

Fig. 122.—Rhizome of Solomon's Seal (Polygonatum biflorum), 1, scar of last

year's overground stem; 2, base of this years aerial stem; 3, terminal bud of next

year's aerial stem. $c
f
scale leaves; s, scars (annulations) of old scales; r, rootlets.

% natural size. (Gager, after Gapp.)

terminal marked

stems

Examples: Triticum

The Tuber is a short and excessively thickened underground

stem

numerous "eyes" or axillary buds. Exampl

Jerusalem Artichoke.

s an underground stem

from

Colchicum,Jack

from the lower surface. Exam-
pit, Crocus, etc. (See Fig. 1 27.)

stem

scales which represent storage leaves. It produces rootlets from

its lower face and leaves and flower from its upper.

com

form concentric coatings. Examples: Onion, Squill, 1

Scaly bulbs have narrow imbricated scales, the oute;

enclosing the inner. Example: Lily. (See Fig. 127.)



THE STEM 193

A Sucker is a slender underground branch that arises either

on a root or a stem. Root suckers are produced by roses, poplars,

elms, etc. and arise as adventitious buds on the roots of these

plants. Stem suckers are produced by peppermint and other

mints, etc., arising from the axils of scaly leaves on the rhizome,

decurrent
leaj base

Fig. 123.—Portion of a sprouting potato tuber. (After Rabbins.)

they may arise from wound tissue which has developed on

ed-oft branches or from old wood near the base of old trees.

Exogenous and Endogenous Stems.—Exogenous stems are

typical of Gymnosperms and Dicotyledons and can increase

materially in thickness due to the presence of a cambium. Such

stems show differentiation into an outer bark cylinder and an

inner or wood cylinder. Between the bark and the wood cylin-

ders is a cambium.
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mm

stems

<s stems are typical of most Monocotyledons and can-
materially in thickness due to the absence of cam-
limited increase in diameter that does take place is

largement of the cells of the primary tissues. Such

Fm. 124.-Sunflower stem. Representative portion of a transverse section
trlrni inrri nnnn». - — . _r . . -cut through upper, young part of stem. errms

ermis

ambium
m, pith or medulla. All of the tissue between each two bundles is a primarymedullary ray. Greatly enlarged.

Histology of Annual Dicotyl Stem.—Excellent stem
material of an annual dicotyledon for the study of the stems of
this type is to be found in the sunflower. Transverse sections
cut through the upper, thin, younger portion of this stem
present the following structures: (In both annual and perennial
dicotyledonous stems, endodermis and neHrvH^ *™> r^i„ az.
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from

become so similar

through passage of food, etc.)

somewhat

outer walls are cutinized. Some

hairs. Stomata also occur.

mr mr P£ cam cam

P

Fig. 125.-Diagram of a representative portion of a transverse section cut

through an old part of the Sunflower stem. eP,
epidermis; col, collenchyma;

co, cortex; p./., pericyclic fibers in pericycle; fih, protophloem; ph
,
secondary

phloem; cam, intrafascicular cambium; cam', interfascicular cambium; , proto-

xylem; x>, secondary xylem; mr, primary medullary ray; mr', secondary ^dullary

ray; „, pith. The three longest bundles represent primary bundles which have

been broadened by the cambium adding secondary phloem outwardly and second-

ary xylem inwardly. The smaller bundles represent secondary bundles, each

consisting of secondary phloem, cambium and secondary xylem.

2. com
ermis

f larger, thin-walled cortical parenchyma cells, many

chloro

innermost

Endodermis.

4. Pericycle (Pericambium

guishable.)

Not generally distinguish-

most dicotvl stems but showing early formation

stems
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5. Primary Fibrovascular Bundles of open collateral type

bundles.

primary medullary

fascicular

protophl

p
composed 01 narenchvma6. Pith,

If a series of additional cross sections are now cut at different

descending levels along the Sunflower stem until the old part of

Mechanical Tissue Xylem

Cortex

Epidermis

Vascular

Bundle
Pith

Fig. 126.—Portion of a longitudinal section of a sunflower (Helianthus) stem.

(From "A Text Book of General Botany" by Smith, Overton et al. The Macmillan Co.

Publishers.)

the stem near the ground is reached, and these be examined

microscopically, it will be noted that some secondary changes

have taken place which explain the gradual increase in thickness

of this stem as the base is approached. One of the first of these

changes incident to secondary growth is that observed in the

cells of the primary medullary rays between the intrqfascicular

cambia of the various bundles. These lay down tangential walls

to form interfascicular cambia or cambiums between the bundles.

When this process is completed, a continuous cambium ring is

formed.
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ambium ring adds more xylem elements

ts inner face and more ohloem elements

u
o

Wood
Cambium

Fig. 127.—A diagram to show the character of the tissues and their disposition

in a young stem of the typical dicotyledon type. (From Stevens.)

phi
companion

cells outwardly and tracheae and wood fibers inwardly all along

medullary
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each of its faces.

oem
cambium ring is the deepening of the primary

more secondary xylem is

The result of the activity of the

"•"o.

,

Bark

Fig. 128. Diagram similar 1

showing the tissues {From Stevens.)

primary medullary rays, the appearance of new or secondary
bundles (which

primary medull

medullary rays

smaller than the primary bundles) in the
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of the deepened primary bundles. The secondary medullary

rays within the bundles are also called "vascular rays.
55

As secondary increase progresses, it will be noted that certain

cells in widely separated regions of the pericycle begin to divide

rapidly producing groups of thick-walled pericyclic fibers here and

there within the pericycle but chiefly outside of the protophloem

of the larger or primary bundles.

Fig. 129.—Photomicrograph of cross-section of stem of Aristolochia sipho, where

cambial activity is just beginning. a
y
Epidermis; b, collenchyma; c, thin-walled

parenchyma of the cortex, the innermost cell layer of which is the starch sheath or

endodermis; d, sclerenchyma ring of the pericycle; e, thin-walled parenchyma of

the pericycle; /, primary medullary-ray; g, phloem; k, xylem; i> interfascicular

cambium; j\ medulla or pith. X 20. (From Stevens.)

terminal

stem sh

similar

stem

the continuity being due to the laying down by the interfascicular

cambia of secondary bundles between the primary bundles during

secondary growth. The stele or central cylinder of the younger

part of this stem is known as a dictyostele or dissected siphonostele

whereas that of the older portion is a siphonostele (see Fig. 83).

Growth of Perennial Dicotyl Stem and Its Histology.—
A perennial dicotyl stem, in the first year of its growth does not
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from an annual. By the close of the year a
cambium (phellogen) has originated beside the epidermis

In the origin of the cork cambium me
pidermis may divide into an outer layer of cells that remains

Fig. 1 30.—Portion of cross-section of four-year-old stem of Aristolochia sipho, as
shown by the rings of growth in the wood. The letters are the same as in Fig. 129
but new tissues have been added by the activity of the cambium; and a cork cam-
bium has arisen from the outermost collenchyma cells and given rise to cork.
The new tissues are: /, cork cambium; *, cork; g, secondary phloem from the
cambium, and just outside this is older crushed phloem; n, secondary xylem pro-
duced by the cambium; m, secondary medullary ray made by the cambium (notice
that this does not extend to the pith). Half of the pith is shown. Notice how
it has been crushed almost out of existence. Compare Figs. 129 and 130, tissue for
tissue, to find out what changes the primary tissues undergo with age, and to
what extent new tissues are added. Photomicrograph X 20. (From Stevens.)

epidermis and an inne

or, (b) the outermost

ermis becomes

of cells that becomes cork cambium,
of cortex cells underneath the epi-

being passive for one year, and lays
down walls, the inner layer becoming cork cambium
ecoming

derm
The cork cuts off water and food

ermis
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rates and falls off as a stringy layer. The cork cambium produces

cork on its outer face and secondary cortex on its inner.

Between the bundles, certain cells of the primary medullary-

rays become very active and form interfascicular cambium which

w cortex. c

epidermis A
i periderm
'epidermis B per/derm

%
*

wlem

D

-elphloem

andper/derm

ermis

*

^livingphloem

Fig. 131.—Diagrams, based on the red oak, Quercus rubra, showing the position

and extent of successively formed periderm or corky layers in a typically woody

stem. A, a one-year-old twig, the first periderm layer, a complete cylinder, formed

B, a two-year-old twig, the epidermis and first periderm

ruptured; new, shell-shaped layers formed deeper in the cortex. C, a three-year-

old stem, the outer tissues weathered away and more periderm layers formed still

more deeply in the stem, invading the secondary phloem. Z), a four-year-old stem,

the cortex and outer secondary phloem with their periderm layers weathered away,

the new cork layers invading the younger phloem. E, the outer tissues of an old

tree-trunk, showing the narrow band of young, living secondary phloem, and the

thick, deeply fissured layer of older, dead phloem with its many shell-shaped peri-

derm layers; a considerable amount of similar tissue has exfoliated. (From Eames

MacDan

joins cambium formed bundles {intrajt

biurn) to form a com multi

ambial cells, new (secondary) xylem

internally and new (secondary) oem externally, pushing

inward m protoxylem, and outward the first-
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formed, or protophloem, thus increasing the diameter of the stem

med
medullar

Cambium may

Sometimes, as in Grape Vines, Honeysuckles, Hickories,

Cherries, Viburnums, and Oaks, etc., instead of cork cambium
arising only from the epidermis or the outer layer of cortex

cells, it mav arise at anv Doint in the cortex nr even as far inwnrrl

oem
ambia ambi

arises and cuts off cork cells on its outer face, all the living tissues

outside of the cork are deprived of nutrient sap and die. It is the

origin of cork cambia at varying depths that causes extensive

sheets of tissue to separate off. This dead tissx

borke bv the German botanists (see FiV 1^1 V
e has been termed

That is what gives

s stringy appearance to the stems of climbers.

At close of first year in a Perennial Dicotyl Stem we note:

1. Epidermis—development of dermatogen—in process of peeling off, later on
entirely absent.

2. Cork tissue.

3. Cork cambium or phellogen.

4. Sometimes a zone of thin-walled cells containing chloroplasts cut off by
cork cambium on inner face and known as phelloderm or secondary cortex.

5. Primary cortex—in perennials, stem cells of cortex may undergo modifica-
tion into mucilage cells, into tannin receptacles, crystal ceils, spiral cells,

etc.

6.

cortex layers in character of cells.

simil

7. Pericycle, a parenchymatous region usually appearing similar to the cortex,
but sometimes containing sclerenchyma fibers or stone cells or both.

8. Vascular bundles of open collateral type which are now arranged in a
compact circle, and between which are found primary- and often secondary
medullary rays. The longest bundles represent Primary Bundles which
have been deepened by the cutting off of secondary xylem and phloem by
the cambium.

From without inward the following tissues make up the bundles:
Protophloem /Hard Bast—long tenacious bast fibers (sometimes

1 absent).

Secondary Phloem
j Soft Bast—phloem cells, companion ceils and sieve

\ tubes.

Cambium—active layer giving rise to secondary phloem on outer and
secondary xylem or inner face, and adding to depth of med. rays.
Secondary xylem—wood fibers, pitted vessels, tracheids.
Protoxylem—spiral tracheae.

9. Pith. .
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Exceptional Types of Dicotyl Stems

In a number of Dicotyledons and Gymnosperms, the second-

ary growth in thickness of the stem and frequently of the root

differs from that which is found in the vast majority of species and

so is called exceptional or anomalous.

In stems of Phytolacca, etc., there first arises a ring of primary

bundles with broad, loose medullary-rays. Then the stem

Fig. 132.—Transverse section of the herbaceous dicotyledonous stem of Solarium

tuberosum (Fam. Solanaceae) showing bicollateral bundles with internal phloem.

X 75. ep, epidermis; co, cortex; ph
9
external phloem; ca, cambium; x

y
xylem; ip,

internal phloem; si, sieve tissue; m, medulla. Both phloem regions contain primary

phloem.

cambium
formed, in the pericycle or tissue developing from

cambium
rather irregular fashion. Then, after

bundles and connecting tissue, the <

another cambium ring arises without this which

wavy

ambium Still

down
number

these are found successively arranged in concentric fashion
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In Gelsemium, species of Solanacece, Combretacea, Cucurbitacece,

,
there arises a cambium on the inner face of the xylem which

forms internal phloem (or intraxylary

phloem), thus giving rise to bicol-

lateral bundles. (See Fig. 132.)

In Strychnos JVux Vomica,

internal oh oem exactly as in

Gelsemium, etc. appears, but in

addition interxylary phloem is

developed. In the wood region

of this plant axis the cambium
starts at a certain age to lay down
patches of phloem which become
wedged in between xylem tissue

as interxylary phloem.

Lenticels and Their Forma-
tion.—Lenticels are openings in

the periderm which provide
Fig. 133.—White birch (Betula means of communication

a

popuujolia). Portion of a branch the external air and the living cells
showing the prominent lenticels. ^ *u i , , , _,,

°

(Gager.)
of the bark beneath. The epi-

dermis in a great m
stomata

to the active cells of the cortex beneath.

from

Fig. 134

<m°
ph u ii

^OSS-section through a lenticel of Sambucus nigra. E, Epidermis;

pV 1 . Tn;
'

l0°Sdy disP°sed cells of the knti«*; PL, cambium of the lenticel;

/£,
phelloderm; C, cortical parenchyma containing chlorophyll. (From Sayre after

stomata loosely arranged cells called "complimentary

some
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cambium
form

mis

similar to that of stomata, name

permit

2X

Fig 135 —Representative portion of a transverse section of a Linden stem, 3

years old.-l*, 2x, 3*, Successive annual rings of wood, ph, Phloem, with bast

fibers showing as lighter parts and sieve-tubes as darker parts. c Cortex containing

chloroplasts and rosette crystals of CaO. m.r., spreading end of primary medullary

ray pe, periderm. (From Small, after Kny.)

While common to many

prominent in the birches ;

Annual Thickening -

they are very conspicuously

stems

m
:ambium gives rise to

summer and autumn Soon a

m
trunk and branches.

more

are produced while in summer

and autumn growth is lessened and small ducts and much

mechanical woody fiber are formed. Thus the open, loosely
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arranged product of the spring growth abuts on the densely

summer and autumn
sharp contrast marks

summer and autumn :

To the spring,

term mber
estimate

Primary Medullary Ray

Summer
Wood

Fig. 136. Stem of Linden, showing detailed structure of a small square area
of Fig. 135, magnified 200 times. S, sieve tubes; the dark spaces at one corner of
the sieve-tubes are companion cells. V, pitted tracheae. The summer wood
consists of wood fibers interspersed with parenchyma. (From F. O. Bowers' "Plants
and Man." By permission of the Macmillan Co., Publishers.)

Bark. term

cambium
armacognic

from

Middle
epidermis)

pericycle attached)
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Cork.

ambium
phellem

become

a waterproof substance of a waxy character called suberin.

Fig. 137.—Part of a cross-section through branch of Cytisus laburnum. (The

branch was cut from the tree at the end of October.) From A to E the last annual

ring of wood; from A to B the spring growth with large tracheal tubes (T, T, T);

and

wood parenchym

oarenchvma: M. Below A the last wood-fibers and wood

chyma formed the previous year. {From Sayre after Haberlandt.)

Periderm.—Periderm is a name applied to all the tissue

produced by the cork cambium (Phellogen) externally and inter-
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nally and includes the cork cambium itself. This term appears

often in pharmacognic and materia medica texts.

Phelloderm.—Phelloderm or secondary cortex is all that

tissue produced by the cork cambium on its inner face. Its

cells frequently contain chloroplasts.

i

Fig. 138.—Cascara Sagrada Bark. Transverse section. K, cork; kk, cork

cambium; pk, phelloderm; st, group of stone cells; C, primary cortex; rcr, rosette

aggregate of calcium oxalate; P, phloem; bf, bast fibers; erf, crystal fibers more or

less surrounding a group of bast fibers; mr, medullary ray; mp, monoclinic prism

of CaO

.

Histology of a Typical Bark, Cascara Sagrada.—In

transverse section passing from outer to inner surface, the following

structural characteristics are evident:

1. Cork, or outer bark, composed of several layers of rec-

tangular cork cells. The most external layers are dead and

appear black because they are filled with air. The inner layers

of this region are living, and contain brownish, brownish red or

purple contents.
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2. Cork Cambium (phellogen), a layer of delicate cells in the

process of division with protoplasmic contents.

Fig. 139. Bark. Radial-longitudinal section, k, cork, kfc,

cork cambium; ph, phelloderm of collenchymatous cells; c, primary cortex; st,

group of stone cells; mp y
monoclinic prism; rcr, rosette crystal of calcium oxalate;

mr, medullary ray; bf, bast fibers; s, sieve tube;/?, phloem; erf, crystal fibers adhering

to bast fibers.

3. Cortex, or mi
ma

and an inner broader zone of tangentially elongated, cortical

cells. Imbedded within this zone will be noted

wins of stone cells. Rosette crystals and monoclinic

ma
numerous
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prisms of calcium oxalate occur in parenchyma

region

com

region

shaped, elongated phloem masses separated from each

medullary-rays which converge in the outer phloem

Each phloem mass consists of numerous sieve tubes,

Fig. 140.—Cascara Sagrada Bark. Tangential-longitudinal section through

outer phloem region, p, phloem parenchyma; st
y
group of stone cells; ret, rosette

aggregates of calcium oxalate; mr, medullary ray; si, sieve tubes; erf, crystal fibers

containing monoclinic prisms of calcium oxalate; mp^ monoclinic prism.

companion cells and phloem cells, some of which latter c

spheroidal starch grains while others contain either mon
prisms or rosette aggregates mm oxalate. Embedded

within m masses

r Dhloem

in tier-like fashion, will be noted

rounded by a row of crystal fibers, individual cells of which can

only be made out in this kind of a section.

monoclinic prism of calcium

Each of these con-

. The medullary-
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rays possess brownish contents which take a red color with an
alkaline solution.

In radial longitudinal section^ a lengthwise view of the tissues will

be seen. medullary

crossing at right angles to the other elements. The crystal
f

? L

ep

ck

pn

CO

sr

Ph

ca

XT

td2

td

Fig. 141.—Transverse section of representative portion of the stem of the second
year's growth of spruce (Picea sp.), a conifer. (X 80.) ep, epidermis; ck, cork;

pn, phellogen; co, cortex; sr, secretion reservoir; ph, phloem; ca, cambium; xr

wood

second year.

com
imposed thin-walled cells each of which contains a monoclinic

prism of ca cmm oem fibers appear
elongated and taper-ended and are associated with crystal fibers.

The sieve tubes show sieve plates on their longitudinal as well as

their transverse walls in this bark.
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In a tangential longitudinal section which has been cut through

the phloem, the exact range in width of the medullary-rays may

Fig. 142.—Diagrammatic representation of a block of pine wood, highly mag-

nified, a, Early growth; 6, late growth; c, intercellular space; d, bordered pit in

tangential wall of late growth; m
y f and e, bordered pit in radial wall of early

growth from different points of view; /?, row of medullary cells for carrying food;

g, row of medullary ray cells for carrying water; k> thin place in radial wall of ray

cells that carry food. (From Stevens.)

be ascertained. medullary

shaped in tangential view and one to four cells in width.

Wood.—From a practical oharmaco

lumber

cambium Dicotyl
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em

and Gymnosperm stems it therefore includes the xylem regions

of the bundles, the xylem portions of the medullary-rays and
the pith, while in the roots of secondary growth of these plants it

comprises the xylem portions of the bundles and the xy

medullary-rays. From the pure botanical viewpoint, wood is

synonomous with xylem and so represents that portion of a

vascular bundle that contains tracheae or tracheids or both.

As the cambium year after year adds new layers of wood to

that already present on its inner face, the conveying of sap and
storing of starch, etc. is gradually relegated to the outer wood
layers, since the inner layers, step by step, lose their protoplasmic

contents and power of conducting sap and become filled with

extractive, resinous and coloring matters. The outer whitish

layers of wood which contain living cells, functioning in the

vegetative processes of the plant, constitute the Alburnum or

Sap-wood. The drug Quassia is a good example of this kind of

wood. The inner dead colored layers constitute the Duramen
or Heart-wood. Important examples of this kind of wood used

in pharmacy are Lignum Guaiaci, Haematoxylon and Santalum

Album.

Tyloses.—These are bladder-like enlargements of cell walls

usually of wood parenchyma or medullary ray cells which extend

into the lumina of adjacent tracheae or tracheids through pit

cavities in the walls of the latter. They are formed by the surface

growth of the pit membranes of the one-sided bordered pits which

push their way into the lumina of the vessels or tracheids. In its

living state the tylosis contains cytoplasm, cell sap, and often a

nucleus, the latter having passed into it from the parent cell. In

its fully developed state it may contain starch, gum, resin and

crystals, and its wall may be wrinkled. Sometimes a single

parenchyma cell may produce several tyloses. Tyloses occur

both in angiospermous and coniferous woods although are

probably more common in the former. They are more abundant

in heartwood than in sapwood and are of constant occurrence in

some species. Excellent examples of tyloses can be seen in the

rhizomes of Asarum and Serpentaria and in the stems of Sassafras,

Juglans, the locust (Robinia), Catalpa, Poplar, Sumachs, Oaks
and White Pine.
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Microscopic Characteristics of Angiospermous and

Coniferous Woods. ms
m

small pits in the walls of some

Sm

im

A
B

Fig. 143.

—

A, diagram of the course of vascular bundles in a palm stem (mono-

cotyledon); \m, 2m, ?>m, bundles from the median portions of the leaves. B,

diagram of vascular bundles in external view and in cross section of the dicotyledon-

ous stem of Cerastium. The leaves are shown cut off at 1, 2, 2' and 3. (After

Vines.)

the tracheae, together with wood fibers, fiber tracheids, 1 wood

ma cells and med
made

tracheids with bordered pits which latter are characterized in

radial longitudinal section by the presence of two rings, one

within the other. A single row of these is seen on the tracheid

wall. Medullary-rays, frequently diagnostic for different species,

ma
are also found.

1 Forms intermediate
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Histology of Typical Herbaceous Monocotyl Stems

exterior toward the center the(Endogenous).—Passing from

following structures are seen:

1

.

Epidermis whose cells are

2. Hypodermis, generally col

lenchymatic in young, termini

portions, becoming later sclei

enchvmatous.

Fig. 144. Fig. 145.

Fig. 144.—Photomicrograph of cross-section of very young cornstalk (a herbace-

ous monocotyl stem), where certain plerome strands have just gone over into

vascular bundles. For comparison with Fig. 145. (Stevens.)

Fig. 145.—Photomicrograph of cross-section of older cornstalk stem; a, epi-

dermis; b> cortex and c, ground tissue of pith. (After Stevens.)

3. ma ometimes

bundles of the closed collateral or the concentric type occur in

this region.

4. Endodermis or innermost of cortex and Pericycle

listine-uishable from corti-

ma
ma matrix

which are found scattered fibre-vascular bundles of the closed

collateral or more rarely of the concentric monocotyl (phlocentric)

In this latter type, which is typical of old monocotyl stems

iko seen in Calamus, Convallaria, etc., the xylem grows
type.

completely around the phloem so that phloem

em
Histology of a Typical Monocotyl Rhizome.—The

rhizome of Convallaria majalis (Lily-of-the-Valley) shows typical

monocotyl rhizome A transverse section
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(see Fig. 147) presents the following structural details, passing

from

Epidermis of a layer of epidermal

covered with a waxy cutin deposit.

2. ma cells, some
more

calcium

Fig. 146.—Transverse section through a representative portion of the mono-
cotyledonous stem of the corn (£ea Mays) (X 50). ep, epidermis; h, hypodermis
containing lignified fibers; co, cortex (poorly defined in corn); ph, primary phloem
and x, primary xylem of a closed collateral bundle surrounded by a sclerenchyma
sheath of lignified fibers {set)

;
par, parenchyma of pith in which the bundles are

scattered; si, sieve tissue; tr, tracheae; a, a ring of an annular trachea bordering a
large air-space; scl, sclerenchyma fibers. The two large lateral tracheae in each
bundle are pitted tracheae.

3. Endodermis of usually 2 layers ofendodermal cells, the radial

and inner walls of which are strongly indurated with lignin.

4. Stele, a broad central region consisting of a matrix of

starch- and crystal-bearing parenchyma and through which
region course closed collateral and concentric bundles.

The closed collateral bundles are arranged in an interrupted

circle just beneath the endodermis. The concentric phlocentric

bundles are scattered through the center of the stele.
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Longitudinal-radial sections show that the tracheae are of the

spiral, scalariform, and pitted types.

Histology of a Typical Woody Monocotyl Stem.—The

stem of the Greenbrier, a woody monocotyl, will here be con-

sidered. In transverse section passing from periphery toward the

center the following structural details will be noted:

f

Fig. 147.—Transverse section of the rhizome of Convallaria majalis, a mono-

cotyledon. X 40. ep 9
epidermis; co, cortex; end, endodermis; p, phloem and x,

xylem of a closed collateral fibrovascular bundle; p
f

,
phloem and x', xylem of a

concentric bundle; m, pith, in which the concentric bundles are imbedded.
r

1. Epidermis, of a single layer of epidermal cells whose outer

walls are strongly cutinized. Cutin is a wax-like substance which

forms a protective coat to the epidermis, preventing the evapora-

tion of water, the ingress of destructive parasites, and injury

from insects.

2. A cortex, composed of about ten or twelve layers of thick-

walled parenchyma cells, the outer two or three la> ers of which

are termed hypodermis.
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3. An endodermis, wavy in character and com of

endodermal

matous cylinder sheath composed of somewhat
masses of sclerenchvma

veloped fibro-vascular bundles of the closed collateral type.

Fig. 148. Photomicrograph of a representative portion of Greenbrier stem
showing epidermis (e.p.), cortex (c), endodermis (e.n.d.), cylinder sheath (c.s.),

sclerenchyma fibers of closed collateral bundle (b), fundamental parenchyma
(/.p.), trachea (t). X 22.

pith or central matrix of stronelv thickened, more
ma

numerous Small
found in the parenchyma cells. Examine a representative

very large tracheae and several smaller

em
center of the section. oem
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bundle will be seen an area of soft, small-celled sieve tubes,

companion cells and phloem parenchyma. The entire bundle is

enclosed by a several layered ring of sclerenchymafibers.

Histology of Stems of Grasses (Monocotyledonous).—

The stems of grasses are solid in their terminal and nodal regions;

r

'

FIG . 149. Structure of a Grass Stem. Transverse section of the underground

stem (rhizome) of the couch grass, Agropyron repens, X 35. ep, epidermis; h, hypo-

dermis; co, cortex; b, concentric bundle; en, endodermis; sel
9
sclerenchymatous ring

of several rows of sclerenchyma fibers in which are imbedded an irregular, inter-

rupted circle of undeveloped vascular bundles; tr, trachea and ph, a phloem strand

of a closed collateral bundle; cb, closed collateral bundle; m, pith. Note the hollow

space in the center due to the disintegration of the pith in centrifugal fashion.

but as we pass backward from the terminal internode into the

older internodes the central pith is seen to disintegrate in cen-

trifugal fashion, leaving a hollow cavity in the central region

bordered by parench

endodermis may or may
may be entirely closed co

two kinds, namely, small

ma cells. A distinctly differentiated

The vascular bundles
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A

larger closed collateral bundles in the pith. The pith bundles

may be more or less uniformly scattered, as in the stems of corn

and bermuda grass, or arranged in one or more interrupted

circles, as in Triticum species, etc. The epidermal cells usually

possess cutinized outer walls and frequently all of their walls are

lignified. The hypodermis contains lignified fibers, and there is

usually present a sclerenchyma ring directly beneath the endo-

dermis or the cortex in which bundles may be imbedded or to

which they may be attached. A sclerenchyma sheath usually

surrounds each bundle.

Secondary Growth in Monogotyl Stems.—Secondary

stems of monoco

the exception rather than the rule.

and tree-like genera of the

i some

familyof the more woody
as Aloej Yucca, Cordyline and Dracaena and in the tuberous Dios-

coreacece. forms a cambium

ma
irocambial strands and

As it retreats outward,

ambial

develop into secondary collateral (rarely phlocentric) bundles

which lie imbedded in secondary oarenchvma.



Chapter X

THE LEAF

The leaf is a usually flattened, rarely semi-centric, or centric-

lateral expanse developed by the stem or by branches and in

whose axil one or more branches arise.

*

Fig. 150.—Complete leaf of Slippery Elm (Ulmus fulva). /, lamina; p y
petiole;

s y stipules; mr, midrib; v, secondary vein; **, branch to which leaf is attached. The

margin of this leaf is doubly serrate.

seldom

mar The capacity for bud

development by the leaf is restricted to three families

sulacece, Begoniacece and Gesneracea.

The Complete Leaf.—The leaf when comolete

three parts, lamina, petiole, and stipules.

221

The Lamina or Blade
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most prominent Other

may be wanting. It consists of upper and lower surfaces

epidermal cells which may
form Either or

both of these surfaces show openings called stomata (sing, stoma)

and closing.

guard cells that regulat

stomata

Fig. 151.—Stereogram of leaf structure. hown
Intercellular spaces are shaded. {From Stevens.)

and Between

iphyll

green tissue called chlorenchyma which is made
chyma cells containing chloroplasts and interc

mesophyll are the veins or Jib

are

stem

frame-work of the lam

make up
pidermal

cells are provided with a cuticle which is generally thicker on
the upper than on the lower surface. In most leaves the meso-
phyll is differentiated into upper palisade parenchyma, lower

J
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spongy-parenchyma and border parenchyma regions, and stomata are

only found in the lower epidermis.

The Petiole is the leaf stalk which supports the lamina in a

position where it will receive the most light for photosynthesis.

The Stipules are leaf-like appendages appearing at the base

of the petiole.

The leaf of the Slippery Elm (Ulmus julva) affords a good

example of a Complete Leaf (see Fig. 150).

Fig. 152.—Camera-lucida drawing of a tangential section of a leaf (section

parallel to leaf surface) showing/, intercellular-air-spaces between the palisade par-

enchyma cells (<?); g, border parenchyma; h, tracheal elements of a vein. (Stevens.)

Sometimes the lamina

stem If the

petiolate

When leaf stipules are absent, the leaf is said to be exstipulate;

sn present, stipulate.

The petiole is seldom cylindrical in form, but usually chan-

led on the upper side, flattened, or compressed. The stipules

resemble

Leaf Functions.—The most

matter: this takes

place ordinarily in the green parts, containing chlorophyll, and

in these when exposed to sunlight. Foliage is an adaptation

for increasing the extent of green surface.
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The chief functions of a leaf are photosynthesis, assimilation,

respiration and transpiration.

Photosynthesis is the process possessed by the cells of all

green leaves or other green parts of plants of building up sugar,

starch or other complex organic (carbon containing) substances

by means of chlorophyll and sunlight. This process takes place

in nature, only during sunlight but will also occur in artificial

light. In this process C0 2 is taken into the leaf through the

*• Tracheid

Spongy Parenchyma Cell

£ "Border Parenchyma Cell

Fig. 153.—The end of a very small veinlet as seen in a section of the spongy
parenchyma cut parallel to the leaf surface. The walls of the conducting cells

of the veinlet have spiral thickenings. The border parenchyma ceils surrounding
the veinlets serve to conduct the sugar from the mesophyll to the phloem cells of

the vein. Macmi11an

stomata and passes into the intercellular-air-spaces between
the chlorenchyma cells. It diffuses through the cell walls of

these into the protoplasts where it passes into solution and enters

the chloroplastids along with H2 from the soil. The chloro-

plasts contain chlorophyll which absorbs the light energy. This

light energy is then used either by the chlorophyll or, as seems

most likely, by the whole chloroplast to unite the C02 with the

H 2 to form carbon compounds. These contain stored or poten-

tial energy. The kinetic energy of the sun's rays thus becomes

stored as potential energy and 2 is given off. The plant gains
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in weight and. so the process is constructive in character. In

photosynthesis, sunlight is the power, the chloroplasts the work-

ing machinery or energy transformers, the chlorenchyma cells

the factories, CO2 and H 2 the raw materials and glucose,

starch or oil the finished products, while oxygen is a waste

LIGHT ENERGY

OXYGEN

CARBON DIOXIDE

MINERAL SALTS
WATER

Fig. 154.—Diagram of photosynthesis. {After Atwood.)

product. The production of glucose may be represented by

the equation:

6H 2 + 6CO2 + light = C 6H 12 6 + 60 2

Assimilation is the process of converting food material into

protoplasm. The chlorenchyma cells of the leaf synthesize

proteins from the carbohydrates. In this process molecules of

glucose derivatives containing CHO are united with nitrogen

absorbed from the soil as nitrates to form amino acids. The

amino acids combine to form polypeptides which are later built

into simple proteins. The simple proteins are joined with sulfur

or phosphorous or both to form complex proteins. The latter

enter into the formation of protoplasm.

Respiration is the process which takes place in all living

plant and animal cells whereby complex carbon compounds

are oxidized with an accompanying release of energy. In

higher green plants oxygen is taken in through the stomata of

leaves, lenticels of stems, and root hairs. It passes into the

intercellular-air-spaces which communicate with each other
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throughout the entire plant and diffuses through the various

cell-walls of cells, in contact with these, and passes into the

interior of the cells. Here it oxidizes some of the carbohydrates

breaking these down into carbon dioxide and watery vapor.

These diffuse out of the cells into

the intercellular-air-spaces and

pass out of the plant through the

same channels as oxygen entered.

Respiration goes on both in light

^\ and darkness, organic compounds

r
" ~ are broken down, O is absorbed

and CO 2 set free, and potential

SV"-] energy is transformed into kinetic

energy. The plant loses weight

and, accordingly, this process is

destructive in character.

Transpiration is the action of

A B
Fig. 155.—Demonstration of the

giving off watery vapor The

liberation of oxygen during photo- grater portion of the crude sap

syndesis. A, release of bubbles of consisting very largely of water is

oxygen gas from the freshly cut end of conveyed upward as a transpiration

the stem of Elodea in sunlight. B, ^^ thr h the trache2e and
collection of the gas, mainly oxygen, °

from Elodea in sunlight during photo- tracheids of the roots and stems

synthesis. If an aquatic plant be into those of the leaves. The
placed in a glass vessel of water under

latter pervade the soft, green leaf
an inverted funnel over whose stem . .

is suspended an inverted test tube parenchyma and end in proximity

filled with water, the gas given ofT to air spaces between the green

by the plant will collect in the upper ceHs ^ portion of the Crude

sap diffuses into the leaf paren-

ing into it a "glowing splinter, the chyma cells and is utilized in the

latter will increase in brightness, indi- nutritive processes such as photO-
cating the presence of oxygen. (After

synthesis? digestion and assim-

end of the tube and displace the water.

Upon removing the tube and thrust-

Mo/tier.)

ilation occurring there. The

remainder, which normally constitutes the larger part, passes

through the intercellular-air-spaces and out of the leaves as

watery vapor. About 90 per cent, of the water thus transpired

escapes through the stomata, the remainder through the epi-

dermal surface. It has been estimated that a large oak tree
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transpires about 180 gallons of water per day and that during a

growing season of five months it would give off water enough to

cover the ground shaded by it to the depth of 20 feet.
p

Types of Leaves Developed in Angiosperms.—These may
be tabulated as follows:

1. Cotyledons (the primitive or seed leaves).

2. Scale leaves.

3. Foliage leaves.

Fig. 156.—Semi-diagrammatic cross section of a Dorsiventral Leaf of a meso-

phyte showing by arrows how the water passes from the tracheal elements of

a vein into the border parenchyma cells, and thence into the palisade and spongy

parenchyma, from which it evaporates into the intercellular spaces and passes

ermis: b, lower epidermisfrom the leaf through the stomata. a, upper epi«

palisade parenchyma; g, spongy parenchyma; dy
border parenchyma; <?, tracheal

elements; and the stippled cells below e, the phloem cells. {After Stevens.)

4. Bract leaves; (a) primary at base of inflorescence; (b)

bracteolar leaves (bracteoles) at the base of individual flowers.

5. Sepals. :

6. Petals.

7. Microsporophylls (stamens).

8. Megasporophylls (carpels).

Cotyledons.—Cotyledons are the first leaves to appear upon

the ascending axis and are single in Monocotyledons, double in

Dicotyledons. Occasionally, as in certain Maples, there may

be three cotyledons shown. This is due to a splitting of one of

the cotyledons. There exist no true cases of polycotyledony

(development of many cotyledons) among Angiosperms, as in
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Gymnosperms. In Monocotyledons the single cotyledon is a

terminal structure and truly axial in relation to the hypocotyl

and radicle. From a primitively Monocotyl-like ancestry

Dicotyledons develop a second cotyledon on the epicotyledonary

node. Later, by a suppression of the second node the second

cotyledon is brought to the level of the first.

Scale Leaves.—Scale leaves are reduced foliage leaves.

as Dodder, Indian Pipe, e

tective scales of scaly buds.

rhizomes, above ground stems

tc, on bulbs, and forming th<

Surface View Section

Primordia
of Leaves \

A B
Fig. 157.—The growing end of the stem of the aquatic plant, Elodea canadensis,

showing the origin of leaves. The larger over-lapping leaves are omitted. A, sur-

face view; B, in section. (Courtesy of Standard Scientific Corp., formerly Scientific

Equipment Dept. of Kny-Scheerer Corp.)

Foliage Leaves.—These are the common green leaves so

familiar to all.

Bract Leaves are modified leaves appearing on inflorescence

axes.

Sepals, Petals, Microsporophylls and Megasporophylls

are floral leaves and will be treated at length under the subject

of the flower.

Origin and Development of Leaves.—Leaves arise around

the growing apex region of a stem or branch as lateral outgrowths,

each consisting at first of a mass of cells called the primordial leaf.

Through continued cell-division and differentiation of these cells



THE LEAF 229

in time the mature leaf is developed. The primordial leaf is

formed by a portion of the dermatogen of the growing stem apex,
which becomes epidermis, a portion of the periblem, producing
mesophyll or leaf parenchyma which grows into this, and a part

of the plerome, which becomes vascular tissue within the

m
stem

primordial leaves (primordia) do not arise exactly at the same
time

Phyllotaxy.—Phyllotaxy is th

stem or branch, and this may

arrangement

of leaf arrange?

whorled, or verticillate, or fascicled. It is a general law in the

arrangement

they are spirally disposed, or on a line which winds around the

axis like the thread of a sen

union of two motions, the c

most common modification

formed

Foliage leaves are usually arranged in separated fashion along

stem form

ngement called the alternate arrangement, as shown by most
plants.

ement

third leaf is over the first, as in all Grasses; three-ranked, when
the fourth is over the first. Example: Sedges. The five-ranked

arrangement is the most common, and in this the sixth leaf is

directly over the first (counting the leaf from which the start is

made), two turns being made around the stem to reach it.

Examples: Cherry, Apple, Peach, Oak and Willow, etc. As the

distance between any two leaves in this arrangement is two-

fifths of the circumference of the stem or 14^,

arrangement is expressed by the fraction %. In the eight-

ranked arrangement, the ninth leaf stands over the first, and three

turns are required to reach it, hence the fraction % expresses it.

Of the series of fractions thus obtained, the numerator reoresents

number of turns to com
denominator, the number

perpendicular rows on the stem, or the number
ine- alone- the sniral. from anv one to the one <
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marked

as 0.

ement

Opp

stem. Examples: Mints, Lilac.

Decussate, when the leaves are arranged in pairs successively

along the stem, at right angles to each other. Example:

Thoroughwort.

Whorled or Verticillate, when three or more form a circle about

the stem. Examples: Canada Lily and Culver's Root.

Fascicled or Tufted, when a cluster of leaves is borne from a

single node, as in the Larch and Pine.

Vernation.—Prefoliation or Vernation relates to the way in

which leaves are disposed in the bud. A study of the individual

leaf enables us to distinguish

the following forms. When

the apex is bent inward toward

the base, as in the leaf of the

Tulip Tree, it is said to be

inflexed or reclinate vernation; if

convolute plicate complicate doubled on the midrib so that

Fig. 158.—Three principal types of the tWQ halves are brought
vernation. (Robbins.) , • ^i. rut a.

together, as in the Oak or

Peach, it is conduplicate; when rolled inward from one

margin to the other, as in the Wild Cherry, it is convolute; when

it is circinate; when folded

or plaited, like a fan, as in Ricinus, Maples, Aralias, etc., it is

plicate; if rolled inward from each margin toward the midrib on

the upper side, as the leaves of the Apple or Violet, involute;

when rolled outward from each margin as Dock or Willow leaves,

from
?

revolute. The inner surface is

upper surface when expanded.
Leaf Venation.—This ref>

form

ngement
within the leaf. It is dependent upon the course pursued by the

after

termed the midrib or primary

coming off of the midrib

>se arising from secondai
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Strong and thick veins are called ribs and less prominent ones,

especially if lateral to the midrib, nerves.

Furcate- or Forked-Venation is characteristic of leaves of

the Ferns.
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Parallel Venation is typical of the leaves of Monocotyledons,

as Palms, Lilies, Grasses, etc. In this type of veining the veins

visible to the unaided eye extend in somewhat parallel fashion

through the leaf, converging near the summit. In pinnately-

parallel veined leaves, as the Banana and Calla Lily, parallel

veins extend from midrib to margin.
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Reticulate or Netted Veins characterize the leaves of

Dicotyledons, as Matico and the Poplar or Oak. The primary

veins in these are generally pinnate or palmate while the second-

ary ones and their branches are arranged in netted fashion.

Pinnately-veined or Feathered-veined leaves consist of a

midrib with lateral veins, extending from midrib to margin at

manner. Exampl

and Chestnut leaves.

Palmately Veined leaves consist of a number of veins o

nearly the same size, radiating from petiole to margin. Exam

pies: Maple and Castor Oil leaves.

In palmately-veined leaves, the central vein is termed th<

midrib or middle primary and those veins lateral to it, the latera

primaries.

Most pinnately-veined leaves and palmately-veined leave

show net-veins combined with the basic pinnate or palmate typ

and so are said to exhibit pinnate-reticulate or palmate-reticulai

venation respectively.

Veins are said to be Anastomosing when they subdivide and

join each other, as the veins near the margin of Eucalyptus leaves;

Tessellated, when they form square meshes, as in Matico

leaves; and Impressed when sunken below the surface.

>

Leaf Insertion.—The point of attachment

stem A leaf is :

stem

stem

Ramal, when attached directly to a branch.

When the base of a sessile leaf is extended com

the stem it is perfoliate, the stem appearing to pa

blade. Example: Uvularia perfoliata or Mealy Bel

When a sessile leaf surrounds the stem more or ]

clasping or amplexicaul. Example: Poppy {Pap

ifi

form

leaf is called connate-perfoliate, as Eupatorium p

foliatum or Boneset.

Leaves are called equitant when they are all radical and succes-

sively folded on each other toward their bases, as in Iris spp.
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The Forms of Leaves.—Simple Leaves are those having a

single blade, either sessile or petiolate.

Compound Leaves are those whose blades are divided into

more distinct subdivisions called ieafi may

i
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be either sessile or petiolate.
A 4 * t

compound leaf

arising from the midrib, it is called Pinnately Compound,

midrib of a compound leaf is sometimes called tne

»afleR of a compound leaf come off of the summit
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compound leaf is termed

COMPOUND.

compound leaf develops from a sinerle leaf

petiolule

sim small leaves may
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(a) General Outline (form viewed as a whole without
regard to indentations of margin)

.

Linear, long, narrow, ribbon-like of nearly equal breadth
throughout, as Linaria.

Filiform, thread-like, as the Asparagus and one of the Sundews.
Acerose or acicular, needle-like, as in the Pines.

Subulate^ awl-shaped, as in the Arbor Vitae.

more
times

some

gularly

Lanceobate, like the linear with the exception that the broadest

part is a little below the center. Example: Long Buchu.

Elliptical, somewhat longer than wide, with rounded ends

and sides. Example: Leaf of Pear.

Matico

margins parallel. Exampl

Equilateral, margin of the same length on both sides.

Inequilateral, margin longer on one side than the other, as the

Hamamelis, Elm and Linden.

Orbicular, the blade circular in shape. Example: Nasturtium.

Reniform, or kidney-shaped, as the leaves of Canada Snakeroot.

Oblanceolate, reversely lanceolate. Example: Chimaphila.

Spatulate, like a spatula, with narrow base and broad rounded

apex. Example: Some leaves of Uva Ursi.

Ensijorm, when shaped like a sword. Example: Calamus.

Falcate, scythe- or sickle-shaped, as leaves on older branches of

the Eucalyptus.

Deltoid, when the shape of the Greek letter A, as Chenopodium.

(b) Apex of Leaf.—Acute, when the margins form an acute

angle at the tip of the leaf giving the tip the appearance of a sharp

point. Examples: Eriodictyon, Digitalis.

Acuminate, when the point is longer and more tapering than

the acute. Examples: Pellitory, Coffee.

Tapering, if the summit of the leaf be narrowed very grad-

ually to a point, as in leaves of many grasses.

Attenuate, if the summit is still more drawn out than the taper-

ing type.
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Obtuse, blunt or rounded. Example: Long Buchu.
Rounded, when extremely obtuse, as in some leaves of Foxglove.
Truncate, abruptly obtuse, as if cut square off. Example:

Melilotus leaflets.

Mucronate, terminating in a short, soft point. Example:
some Senna leaflets.

Cuspidate, like the last, except that the point is long and rigid.

Anstate, with the apex terminating in a bristle.

Emarginate, notched. Example: Pilocarpus.
Retuse, with a broad, shallow sinus at the apex. Example:

Petal of Rose gallica.

Obcordate, inversely heart-shaped. Example: Oxalis.

0) Base of Leaf.—Cordate, heart-shaped. Examples: Cat-
nep, Violet and Coltsfoot leaves.

Reniform, kidney-shaped. Examples: Ground Ivy, Asarum.
Hastate

from Example: Aristolochia Serpentaria

Aunculate, having ear-like appendages at the base. Example:
Philodendron.

Sagittate, arrow-shaped. Examples : Bindweed and Sagittaria.
Cuneate, wedge-shaped. Examples: Short Buchu and Uva

Ursi.

Peltate, or shield-shaped, having the petiole inserted at the
center of the lower surface of the lamina. Example:

um

amina
midrib than the other, as in the Stramonium

many
mam

lamina
r ,

—- • » ^ piwiuugeu aownwara aiong mc muw
or the petiole to which it is joined, the leaf is said to have a
wineed betinl* M ,v ivjo.

terms acute, tapering
which have been defined under "Apex of Leaf are also applied
to bases of like character.

line.

00 Margin
Exampl

margin

margin rolled backward, as in Thvme
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Involute or incurved, margin roiled inward.

Serrate, with sharp teeth which incline forward like the teeth

of a hand-saw. Examples: Peppermint, Yerba Santa, Buchu.

Serrulate, when finely saw-toothed, as in Rose leaflets.

Dentate, or toothed, with outwardly projecting teeth.

Example: Damiana.

Denticulate, when finely toothed.

Crenate, or Scalloped, similar to the preceding forms, but with

the teeth much rounded. Examples: Digitalis, Catnip.

Crenulate, when finely scalloped, as in Sage.

In the serrate, dentate and crenate forms, when the teeth

small

term

primary

Spinose, when the teeth are extended as spines, as in the

American Holly

margin is fringed with hairs, as in Drosera.

e indentations of the margin. If sufficiently

leaf

'pond, or Undulate, margin—a wavy line. Example

Hamamelis

last. {Stramonium.)

margin is more

Incised, cut by sharp, irregular incisions. Exampl

Hawthorn
iliar form of pinnatel]

some other Composite

recurved.

A Lobed leaf is one in which the indentations extend toward

the mid-rib, or the apex of the petiole, the segments or sinus*
,
or

both, being rounded. Example: Sassafras.

Cleft is the same

common Example: Dandelion.

incisions

mid-rib or the petiole. Exam
mi

gments are not stalked nor are they in the form

of leaflets. Example: Watercress.



238 PHARMACEUTICAL BOTANY

If the venation is pinnate, the preceding forms may be

described as pinnately-cleft (incised), -lobed, -parted, or -divided.

If the venation is (radiate) palmate, then the terms palmately-'

lobed, -incised, etc., are employed.
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Pinnatifid is em )loyed by

pinnatipartite

some authors for describing a

pinnatisect for one that is pinnately-divided. Lil

palmatipartite and palmatisect are sometimes em
palmatifid*
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of palmately-cleft, palmately-parted and palmately-divided

respectively.

Fig. 163.—Forms of Leaves. Runcinate leaf of Dandelion (1); lyrate leaf of

Turnip (2); interruptedly-pinnate leaf of Potato (3); palmate leaf of Horsechestnut

(4); inequilateral leaf of Witch Hazel (5); pedate leaf of Hellebore (6). Modified

leaves of insectivorous plants 7-9. Leaf of a Sundew bearing tentacles (7); leaf

of Venus Trap (8); pitchered leaf of Sarracenia purpurea (9); leaf of Heartsease

showing free lateral stipules (10).

which is palmat

more or less linear

fashion.
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When
leaf are alternately large and small, the leaf

iptedly p 'nnate, as the Potato leaf. When the terminal

;t, and the remaining ones diminish in size tow;

form is known as lyrate, illustrated in the leaf

Turnip.

Compound Leaves.—The transition from Simple to Com
and Leaves is a very gradual one, so that in many instance:

s difficult to determine whether a given form is to be regardec

simple or compound. The number and arrangement of th<

rts of a compound leaf correspond with the mode of venation

d the same descriptive terms are applied to outline, margin

sim

Leaves are either pinnately or palmately compounded. The term

pinnate is frequently given to the former while that of palmate is

often assigned to the latter. They are said to be abruptly

pinnate or paripinnate when the leaf is terminated by a pair of

leaflets; odd pinnate or imparipinnate when it terminates with a

single leaflet.

Palmately compound leaves have the leaflets attached to the

apex of the petiole. When these are two in number the leaf is

bifoliate, or binate; if three in number, trifoliate, or ternate, as in

Menyanthes; when four in number, quadrifoliate, as in four-leafed

clover, etc. palmately compound
ternate: if this form ai

divides a triternate leaf results. Beyond this point the leaf is

decompound, com

when division progresses so as to separate what would be a leaflet

into two or more, the leaf becomes bipinnate, as the compound

leaves of Acacia Senegal or on the new wood of the Honey Locust

(Gleditschia); if these become again divided, as in many Acacia

species, the leaf is termed tripinnate. Beyond this point the leaf

is known as decompound. Examples of pinnately-decompound

leaves are seen in Cimicifuga and Parsley.

Leaf Modifications.—The leaves of a number of plants have

become modified in one or more parts for the purpose of carrying

out special functions coincident with habits acquired by the

nhmta nossessiner them. Thus, in the common Garden Pea, the
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e transformed into tendrils for climbing purpc

some of the leaves have become transformed

lefense of the olant from browsing animals

become

submer

become modified

Venus

(Heliamphora, Darlingtonia, Sarracenia, Nepenthes and Cephalotus)

modified

and devouring insects. (See Carnivorous Plants in Chapter on

Ecology.)

Leaf Texture.—Leaves are described as:

Membranous, when thin and pliable, as Coca.

Succulent, when thick and fleshy, as Aloe, and Live Forever.

Uva

I Magnolia.

Leaf Color.—Petaloid, when of some

from

which are prized for the beauty of their foliage rather than their

blossoms

Leaf Surface.—Any plant surface is:

smooth and free from

tuberances. Example
bloom

Punctate, when dotted as if by punctures, as in the leaf of the

Wax Myrtle.

Pellucid-punctate, when dotted with projections formed by

many members

Orange family.

Papillose, when covered with minute

as the lower surface of Coca leaves.

minu

hard papillae or warts, as those of Slippery-elm and many

com
Pubescent, covered with short, soft hairs. Exampl

Digitalis.

Appressed-hairy, when the hairs are curved so as to appe;

somewhat pressed against the surface, as in Senna leaflets.
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Villose, covered with long and shaggy hairs. Exampl

me
Sericious, when covered with hairs which give a silky appear-

ance. Example: Silverleaf.

Hispid, when covered with short, stiff hairs. Example:

Borage.

Strigose, when covered with appressed, stiff and sharp hairs.

Mullein

Sp i as in the Thistle.

Rugose, when roughened with closely set wrinkles. Exampl

Sage.

Verrucose, covered with protuberances or warts, as the calyx of

mm
minute

Bullate, when blister-like projections appear between the

veins.

Duration of Leaves.—Leaves vary as to their period of

duration. They are: Persistent, or evergreen, if they remain green

on the tree for a year or more.

Deciduous, if unfolding in spring and falling in autumn.

Caducous, or fugacious, if falling early in the season.

Parts of Typical Leaf.—The parts of a typical leaf are

petiole or leaf stalk, lamina or blade, and stipules.

The Petiole

The Petiole in Monocotyledons is usually a broadened,

sheathing basal structure which connects the lamina to the stem.

In the Grasses and Bananas it forms a long tubular sheath which

surrounds the stem. At the point of union of the sheathing

petiole and the lamina of a grass is a membranous or leathery

ring or flap called the Ligule. The ligule is not a part of the

petiole but is a formation due to the upgrowth and union of a pair

of stipules. Into the Grass petiole a set of closed collateral

vascular bundles of the stem extend, these showing xylem upper-

most and phloem beneath. In the Palms, Aroids, Yams, Bananas,

the petiole in part or throughout may be much thickened,

strengthened and developed as a semi-cylindric or cylindric

structure frequently showing, as in Palms, generally, two sets of
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bundles. In all of these the petiole shows distinct closed col-

lateral to concentric bundles embedded in parenchyma which in

In the Monocotyl genusturn is surrounded by epic

Maranta of the Arrowroot fam

ermis

termed

Petiole attains its most

opment and here usually shows di

part called the Pulvinus or leaf

cushion and a longer part, the

Stalk portion. (See Fig. 18.)

The pulvinus is sensitive to

environal stimuli and in some

groups, as Leg

minosa, a gradual increase in

sensitivity up to a perfect response

can be traced. Moreover, in

these, if we start with the simpler

less sensitive pulvini and pass by

stages to the most complex, we
note that a special substance

known as the aggregation body

develops in the pulvinar cortex

cells and that this substance

undergoes rapid molecular
chansre on stimulation of the leaf.

Stem-

sheath-

Growing
zones

internode^

node

blade

liCule

r-auncles

sheath

Fig. 164.—Barley, (a member of

The stalk portion of the petiole the Grass Family)- A
> Portion of

-r^. , . . lt i leaf at juncture of blade and decurrent
in Dicotyledons is usually piano- u .u d ,

• a- ij
. .

sheath; B, stem cut in median longi-

convex or nearly to quite cir- tudinal section, x 2^. (Robbins.)

cular in outline; rarely in certain

families does it resemble Monocotyled in becoming

grad

stem most striking exam
seen in the P

sheathing leaf

family ( Urn bellif

i

where the flattened

stalk is known as the Pericladium. Such a

structure is not peculiar to the Umbellifera, for in many members
of the Crowfoot family (Ranunculacea), etc., a similar sheathing

>pment is i

extremity

may bear the laminar

most commonly the rule
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plant is exposed to xerophytic conditions, as the Acacias of

Africa and Australia, the stalk, instead of being cylindric or sub-

cylindric, becomes flattened from side to side, until there is

produced a bifacial, vertically placed petiole, with a large green

surface that wholly takes the place of the lamina. Such a

structure is known as a Phyllode or Phyllodium. (Fig. 165.)

Phloem

Central tissue

Air Space

Epidermis

Stoma

Fig. 165.—A Phyllode, or Blade-like Petiole, from Acacia melanoxylon, and its

Cross-Section. Drawing by H. McCarthy. (After Stanford, General and Economic

Botany, D. Appleton-Century Co. publishers.)

The Internal Structure of the Petiole in primitive types

of Dicotyledons resembles that seen in Monocotyledons except

that the bundles are more condensed side by side. In these the

petiole is somewhat flattened and shows an external epidermis, a

flattened cortex and a single row of vascular bundles, each with

xylem uppermost and phloem below. From this we can pass to

another group of these plants in which the bundles form three-

fourths of a circle and in which the upper bundles show incurving
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orientation, Nepenthes

bundles form nearly a cylinder. Finally, in Ficus, Geranium,

Podophyllum and other plants showing completely formed cylin-

drical petioles, the bundles form a c<

rmis. as in Dicotvl stems

Stipules

Stipules are lateral leafy or membranous outgrowths from

the base of the petiole at its junction with the stem. They may

be divided into two groups, viz.: lateral and axillary. The lateral

group includes four types, namely, free lateral, lateral adnate,

lateral connate and lateral interpetiolar.

Free Lateral Stipules are seen in Leguminosa, Rosacea,

Beeches, etc. They are free on either side of the petiole and

Qiinnl^H hv vascular tissue from the petiolar bundle mass. In

may
membranous

cous. Caducous scaly stipules only function as bud scales, forming

a protective covering to the bud through the winter and fall in

spring as the buds expand. Cf. Fig. 163 (10).

Lateral Adnate Stipules are such as fuse with and are

carried up with the petiole as wing-like appendages. This type

is seen in the Roses, in Clovers, etc.

Lateral Connate Stipules are such as join and run up with

form This

common to the Graminece or Grass family. (See Fig.

164.)

Lateral Interpetiolar Stipules are common to many

species of the Rubiacece. This family

some from
5

stem unites by its margin with the mar

o form an interpetiolar stipule. In this way a

formed on either side of the stem

leaves.

Axill

axil of the leaf with the stem. Such may be Free Axillary

Stipules, arising as distinct processes, or Connate, when the two
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stipules unite at their margins, grow up and sheathe the stem,

forming a legging-like sheath, as in many species of the Poly-

gonacece such as Buckwheat, Rhubarb, Yellow Dock, Knot Weeds,

etc. The sheath formed is called an Ochrea.

Modified Stipules.—In some

several other trees and shrubs of the Legume family, the stipules

become modified for defensive purposes as spines or prickles.

In the Sarsaparilla-yielding plants and other species of the genus

Smilax they undergo modification into tendrils which are useful in

climbing. (See Fig. 366.)

The Lamina

This, as was previously indicated, represents an expansion of

the tissues of the petiole, but in sessile leaves is directly attached

to the stem and so is a direct stem outgrowth.

Mode of Development of the Lamina of Leaves.—The

lamina of leaves develops in one of six ways.

1

.

Normal or Dorsiventral.

2. Convergent

3. Centric.

4. Bifacial.

5. Reversed.

6. Ob-dorsi-ventral.

The first four will only be considered.

A. Dorsiventral (the commonest).

(a) Dorsiventral Umbrophytic.—Flattened from above

downward. Plants with such leaf blades tend to grow in the

shade.

(b) Dorsiventral Mesophytic.—Similar to the former, but

plants usually grow directly in the open and exposed to sunlight

and winds.

(c) Dorsiventral Xerophytig.—Similar to former, but

plants not only grow exposed, but exposed to hot desert conditions

or to cold vigorous conditions.

(d) Dorsiventral Hydrophytig.—All transitions occur

between typical mesophytic forms to those of marshy places, to

swamps and borders of streams and finally with leaves wholly

emersed, the last a comoletelv hvdrophvtic tvne.
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Gross Structure and Histology of Different Types of

DORSIVENTRAL LEAF BLADES. Umbrop
mos

most Usually

leaves we have, to enable the leaves to absorb scattered and

shrub
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Their texture is usually thin and soft. In

they are covered with a cutinized epidermis

stomata on the lower surface. The chlor

microscopic

ma is fairly

spongy

spaces

the ma
Examples: Hydrastis, Asarum, Maranta

2. Dorsiventral Mesophytic.—In this type of dorsi-

ventral leaf there is a tendency to subdivision, either to slight or
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moderate lobing, seldom to complete subdivision in pinnate or

tripinnate fashion. Examples: Belladonna, Hyoscyamus,

Dandelion, Grasses, etc. In microscopic structure, they consist

of an upper and lower epidermis, the upper epidermis being the

thicker of the two, the lower epidermis having wavy vertical

walls. The stomata are wholly or are mainly on the lower

epidermis. In mesophytic trees and shrubs they are restricted

generally to the lower surface while in herbs of mesophytes they

may occur on both surfaces although mostly on the lower surface.

In mesophytic dicotyledons, the palisade parenchyma is toward

the upper epidermis and consists of one to three layers of cells.

The spongy parenchyma is toward the lower and consists of

irregular, loosely arranged cells with prominent intercellular-

air-spaces. In a number of mesophytic monocotyledons like

the grasses and sedges the chlorenchyma is devoid of palisade

cells, being compact and uniform.

3. Dorsiventral Xerophytig.—Leaves characterized by a

thick upper and lower cuticle and by having their numerous,

small stomata restricted to the lower surface or present more or

less equally on both surfaces, where they are sunken in depres-

sions or pits. They may be either firm, leathery, tough, or

fibrous, or may become swollen up in their mesophyll, chiefly in

their spongy parenchyma cells, and store considerable mucilage.

The. object of mucilage is to retain water. Very frequently they

develop a water-storage tissue above the mesophyll. Their

palisade tissue is usually well developed, occurring in the cacti

in many rows. Examples: Boldo, Eriodictyon, Ficus.

4. Dorsiventral Hydrophytic.—All gradations are seen.

In pond plants, such as the Water Lily, the leaves have long split

petioles which bring the blade up to the surface of the water.

The stomata are entirely on the upper surface. In Ranunculus,

the lower leaves are cut up into filiform segments. These are

devoid of stomata. Their mesophyll is soft, open, and spongy
showing large air-spaces. The epidermis is quite thin. The
upper leaves are floating, trilobed, and have stomata only on
their upper surface. In Utricularia, some of the filiform sub-

merged leaves are modified into bladders which trap insect

larvae and smaller Crustaceae (see Fig. 481).
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B. Convergent.—This type is mostly seen in monocotyle-

dons. In Phormium tenax or New Zealand Flax the base of the

blade is sheathing; it then converges and opens out above. In

the various species of Iris the petiole is sheathing, the sides of the

upper part being fused and functioning as a lamina.

Fig. 167.—Transverse section through portion of dorsiventral leaf blade of

horehound (Marrubium vulgare). Upper epidermis devoid of stomata {up. ep.);

lower epidermis which possesses stomata (/. ep.); palisade parenchyma (pal.);

spongy parenchyma (sp. p.); xylem (x) and phloem (ph) regions of fibrovascular

tissue of stronger vein; long-pointed non-glandular trichome (t); branched tri-

chomes (ft\ft
2
,ft

z
)\ several types of glandular trichomes (gt\ gt2

,
gt*, gt*).

G. Centric.—This type of lamina is semi-centric to centric

in shape. It is nearly always associated with Xerophytes.

Centric laminae are produced gradually by an encroachment of

the under on the upper surface, and the swelling of the whole.

There are two kinds of centric laminae, the succulent-centric and
the xerophytic centric.
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Succulent.—In a completely centric leaf of the succulent

kind, like that of Sedum murale the difference between the upper

and lower surface is lost. Stomata are found scattered over the

entire epidermis. The bundles are arranged in a circle, the mid-

rib being in the center. A great deal of mucilage is found stored

in the central cells.

Xerophytic.—In a typical Xerophytic Centric leaf, like that

of the Pine (see Figs. 168 and 169) or Sansevieria cylindrical the

Fig. 168.—Transverse section of the xerophytic-centric leaf of the Austrian

ermisPine {Pinus nigra), magnified,

dermal fibers; ip, infolded parenchyma; o.r., schizogenous oil reservoirs;/, fibers;

n, bundle sheath (endodermis) surrounding the stele in which will be noted two

vascular bundles with xylem (*) directed toward the flat face of the leaf; ph, phloem
of vascular bundle; mr, medullary ray: scl, sclerenchymatous cells; p, small celled

parenchyma of pith.

ermis shows a thick cuticle: the stomata are sunken in

>idermis and leaf tissue are

strengthened by scleroid bands in the outer portion of the

cavities rmis

m
D. Bifacial.—Leave

relation to the sun's rays.

laminae

among
Eucalypt
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Myrtacece

marked
tifolia

ture . I

number
simi

mesophyll (chlorenchyma

ma
ermises (see Fig. 1 70)

Structure and Development of Stomata.—Stomata or
stomates ermis

stems surrounded by a pair of cells, called guard cells,

whose sides opposite one another are concave. form

Fig. 169.—Portion of a transverse section of the White Pine leaf showing
xerophytic-centric structure, ep, Epidermis; s

>
stoma; gcy guard cells; s\ sub-

sternal air-space; h, hypodermis, consisting of strengthening fibers which form a

scleroid band beneath epidermis; p, infolded parenchyma cell of mesophyll.

Greatly enlarged.

communication between the intercellular-air-space (respiratory

cavity) beneath them and the exterior. The slit-like openings,

taken with the guard cells, constitutes what is known as the

stomatal apparatus. The stomatal apparatus is frequently called

in practice, "stoma" or "stomate. ??

The epidermal cells which abut on the stomatal apparatus are

called neighboring cells or subsidiary cells. These, in many cases, as

in species of Helleborus, Sarnbucus, Hyacinthus, Paonia, Ferns, etc.,

are very similar to the other epidermal cells, but in a large num-
ber of plants they differ in size, arrangement and shape from the

other cells of the epidermis which do not abut upon the stomatal

apparatus. In Senna they are mostly two in number, one larger

than the other and arranged parallel to the guard cells of the
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stoma; in Coca a similar arrangement occurs but the cells are more

even in size, nevertheless they lack the characteristic papillae

dermal cells; in Pilocarp

four in number more

number

ement radial around the stomatal

•sp

Fig. 170.—Photomicrograph of a transverse section of a bifacial leaf of Eucalyp-

tus globulus showing epidermis (ep), palisade parenchyma (pal), toward both

surfaces, spongy parenchyma (sp), vein (v), and oil reservoir (o.r.) lined with

secretory epithelium. (Highly magnified.)

stomata arise more
mis Excep-

rule

its surroundings. Thus, in the reversed types of leaves (twisted

in a half circle), the stomata, formerly on the lower surface, have

migrated to the upper surface which now has become the phys-

iological lower surface.
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Umbrophy

surface.

partly so with a number on the

nts are Mesophytic and exposed t

remain dorsiventraL the stomata

stomata

damp stomata

small size and numerous
small

sunken. If the plants are Xerophytic and the leaves dorsiven-

tral, the stomata are quite abundant, small, with narrow slit,

and depressed below the level of the epidermis.

There are five types of stomatal development, viz.:

First Type.—Each primitive epidermal cell (or the majority,

or only certain ones of the epidermis) at the close of the dermato-

gen stage, gradually lengthens and then cuts off a smaller from a

larger cell. The smaller one is equilateral, has a very large

nucleus, and is termed the Stoma Mother-cell; the larger, quad-

rangular, and called the Epidermal Daughter-cell. The latter,

upon maturing, becomes a normal epidermal cell. A partition

Mother

stoma The wall laid down length-

forms the orifice of the stoma

either side of the orifice are called Guard Cells. These, while at

first flat and inoperative, soon become bulged and crescent-

shaped. This mode of development is seen in Squill, Hyacinth,

zffodil

Second Type. stomal mother

cell, there are cut off, on either side, portions of neighboring

epidermal cells which form subsidiary cells to the stoma. This

condition is seen in Graminece, Cyperacece, Juncacea, in various

Musa

Third Type. bsidiary

Heliconia

more

Conifi

Fourth Type.—Instead of only four subsidiary cells, each of

more
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walls, into eight radiating subsidiary cells, as in Maranta bicolor,

Pothos argyrcea, some of Proteacece, etc.

Fifth Type.—The "stomal mother-cell" divides once or

several times before becoming the true mother-cell of the stoma.

As a result of the divisions there are also formed one or more

subsidiary cells. This mode of development is seen in the

A

B

Fig. 171.—Types of stomatal apparatuses and neighboring cells from different

sources. In A, a portion of the lower epidermis of Easter Lily leaf. The stomatal

apparatus is surrounded by neighboring ceils that are similar to other epidermal

cells adjacent to them; in B, lower epidermis of Senna leaflet, note the two neighbor-

ing cells parallel to the guard cells, one being larger than the other; C, lower

epidermis of Coca leaf showing two neighboring cells, parallel to the guard cells

but nearly equal in size as well as papillated regular epidermal cells; D, lower

epidermis of Pilocarpus showing rounded stomatal apparatus and four crescent-

shaped neighboring cells; E, lower epidermis of Uva Ursi, showing eight neighbor-

ing cells arranged radiately around stomatal apparatus; F, lower epidermis of

Stramonium.

Labiatce, Papili Crucift CrassulacecBj Cactacea,

number
Histologic Differi

> Monocotyledons may
comparative histologic differences between Dicotyl and Mono
cotyl leaves:
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8

Dicotyl Leaves Monocotyl Leaves

1 . Epidermal cells usually iso-diametric 1 . Epidermal cells usually elongate

with rectilinear vertical walls, inor sinuous in surface sections.

surface sections.

2. The stomata are on the whole more 2. Stomata larger.

numerous but smaller.

3. Non-glandular and glandular hairs 3. Hairs rare in Monocotyls.

frequent on upper but more fre-

quent on lower surface, or both.

4. Leaf glands which excrete varied 4. Leaf glands rare and only seen as a

products are rather abundant.

5. Water

rule on the sepals.

5. Water stomata absent or very rare.

Present in some Aracece.face, more rarely over the lower

surface, are frequent, especially

along margins of leaves.

6. Palisade and spongy parenchyma 6. Palisade and spongy parenchyma

in dicotyledons are more distinct are less distinct and dense.

and palisade

denser.

hym is

7. The vascular bundles, in their in- 7. The vascular bundles, in their in-

trinsic elements, are more indur-

ated but the accessory fibrous

sheath is feebly developed.

A greater variety of accessory prod-

ucts of assimilation are devel-

oped.

trinsic elements, are less indu-

rated. The fibrous sheath is

strongly developed.

8. A comparatively small variety of

accessory products of assimilation

are developed.



Chapter XI

THE INFLORESCENCE

Inflorescence of Anthotaxy.—The terms Inflorescence

ement

stem

same law which determines the arrangement of leaves.

Indeterminate
', racemose, ascending, or centripetal inflorescence is

form in which the terminal

stem

As the stem elongates new flower buds arise behind the terminal

bud in the axils of reduced foliage leaves called bracts, so that the

oldest bud is at the base of the flower cluster and the youngest one

is nearest the apex. Example: Digitalis.

Determinate, cymose, descending, or centrifugal inflorescence is

that form in which the opening of the terminal bud as a flower

determines or completes the growth of the stem of the flower

cluster. Example: Ricinus communis.

Mixed inflorescence is a combination of the other two forms.

Example: Horse Chestnut.

The flower stalk is known as the peduncle. Its prolongation

beyond the point where flowers or branches begin to appear is

called the rachis, or axis of the inflorescence.

The flower stalk of a single flower of an inflorescence is called a

pedicel. When borne without such support the flower is sessile.

A peduncle rising from the ground is called a scape, previously

mentioned under the subject of stems

mod
termed bracts. These varv much the same

forms, are described in a similar manner, and may be either green

or colored. When collected in a whorl at the base of the

peduncle they form an involucre, the Darts of which are sometimes
imbricated green

but sometimes petaloid, as in the Dogwoods. The modifit

leaves found on pedicels are called bracteolar leaves or bracteoles.

256
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The is a large more
1

as in the Daffodil.

or less enveloping the

Calla, or membranous.

Indeterminate Inflorescences. indeterminate

oduced from b
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to apex, those blossoming first which are lowest down on the

rachis or the flowers open from margin to center. Indeterminate

inflorescences thus fall into two groups, viz., the elongated or

ascending group and the flat-topped or centripetal group. The
principal forms of indeterminate inflorescence are:
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Solitary Indeterminate.—The simplest form of inflores-

cence in which a single flower springs from the axil of a leaf. A
number of these are generally developed on the same stem.

Example: Periwinkle.

Raceme, or simple flower-cluster in which the flowers, on

pedicels of nearly equal length, are arranged along a lengthened

rachis, the first flower to open being at the base of the rachis and
the last to open at the summit. Examples: Convallaria, Cimici-

fuga, and Wild Cherry.

Fig. 173.—Types of indeterminate or centripetal inflorescence, a, raceme:

b y spike; c, panicle: d, corymb; e, umbel;/, head (capitulum) of Compositae type;£,

head of clover type. (Gager.)

from the raceme
m
the cluster a flat appearance by bringing the individual florets to

same Example: Hav
Umbel, which resembles the raceme

from

umbrella. When the pedicels umbel put forth

termed secondary Such.

make
Um Many exam

mode of inflorescence are seen in the fam Um belli/

t

as

name
official

Caraway, Fennel and



I HE INFLORESCENCE 259

A Spike is a cluster of flowers, sessile or nearly so, borne in the

axils of bracts on an elongated rachis. The Mullein and com-

mon Plantain afford good illustrations. If branches arise from

the rachis of a spike and bear flowers, a Compound Spike results.

In this type of inflorescence which is seen in Wheat, Rye, Barley

and many other members of the

Grass Family, the branch is called

the rachilla and the secondary

inflorescences are termed spikelets.

The Catkin or Ament resem-

bles the Spike, but differs in that it

is deciduous and usually bears

only one kind of flowers, stami-

nate or pistillate, as in the Oak,

Hazel, Willow, Comptonia, etc.

The He or Capitulum is

like a spike, except that it has the

form

comp
as in Mari

Clover, and Burdock.

The Strobile is a compact

spike of unisexual flowers with

overlapping scales concealing the

flowers, as the inflorescence of the

Hop.

The Spadix is a thick, fleshy
longitudinal section through a stami

rachis with flowers Closely Sessile nate catkin of Comptonia asplenifolia

Fig. 1 74.—Photomicroff of

embedded It is Usually X 10, showing catkin axis {ax),

more
anther

or sheathing bract. Examples: Calla, Calamus, Arum triphyll

The raceme, corymb, and umbel, are frequently com

through the branching com

raceme, or raceme

Panicle. Examples: Brayera, Yucca and the Oat.

Determinate Inflorescences.—Determinate Anthotaxy is one

in which the first flower that opens is the terminal one on the axis.

+u~ „+u**Y.<, onnparinor in succession from apex to base or from
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center to margin. If the floral axis is elongated, the order of

flower development is descending, or from apex to base; if more or

less "flat topped/' the order is centrifugal, or from center to

margin. The principal varieties are:

The Solitary Determinate, in which there is a single flower

borne on the scape, as in the Anemone, or Windflower, the Tulip,

and Hydrastis.

The Cyme, a flower cluster resembling a corymb, except that

the flower buds develop and open from center to circumference.

Fig. 175.—Cymose inflorescences. F
9 A terminal flower; G, a simple cyme; H,

a compound cyme. (From Hamaker.)

simplest kind of cyme

from
elongated into a rachis which ends in a flower bud. At the

junction of the rachis with the peduncle, 2 bracteoles arise. In

the axil of each of these bracts a bud is formed which elongates in

each instance into a pedicel bearing a flower bud at its end.

Simple Cyme. If each of the

3racts from the axils of which

flowers, a type of compound cyme

cyme

arises called a Dichasial Cyme.
A Scorpioid imitates a raceme, having the flowers

pedicelled and arranged along alternate sides of a lengthened
axis. These open in right-left hand fashion from summit
base. Example: Sundew.
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A Glomerule is a cymose inflorescence of any sort which is

condensed into a head, as the so-called head of the Dogwoods
(Cornus)

.

A Verticillaster is a compact, cymose flower cluster which

resembles a whorl, but really consists of two glomerules situated

Fig. 176.—Flowering-branch of a Dogwood showing glomerules. Note the

four notched petaloid bracts subtending each glomerule or determinate head of

flowers.

in the axils of opposite leaves. Clusters of this kind are seen in

Catnip, Horehound, Peppermint and other plants of the Labiatce.

Mixed Inflorescences are those in which the determinate

and indeterminate plans are combined, and illustrations of this

are of frequent occurrence.

A Thyrsus is a mixed inflorescence more or less pyramidal or

oblong in shape consisting of a panicle of cymes, as in the Privet,

Lilac, Grape or Horsechestnut. Racemes of cymes and corymbs

of cymes are other examples of mixed inflorescences.



Chapter XII

THE FLOWER

The Flower is a shoot which has undergone a series of

changes so as to serve as a means for sexual reproduction. It

represents a highly modified stem or branch which bears

appendages.

A Typical or Complete Flower possesses four circles or

whorls of floral leaves arranged upon a more or less shortened

and frequently swollen upper end of a stem axis called a Recep-

tacle, Torus or Thalamus. These whorls passing from periph-

ery toward the center are: Calyx, composed of parts called

sepals; Corolla, composed of parts termed petals; Andrcecium,

composed of parts called stamens or microsporophylls; and

Gyncecium, composed of one or more parts termed carpels, pis-

tils, or megasporophylls. In a complete flower the calyx and

corolla constitute the perianth or floral envelope.

The stem bearing the flower is called the flower stem or

Peduncle.

The stamens and carpels constitute the Essential Organs,

and a flower is said to be Perfect when these are present and

functional. An Imperfect Flower shows one set of essential

organs wanting. The calyx, corolla and receptacle constitute

the Accessory Organs of the flower.

A Hermaphrodite Flower is one which possesses both

stamens and carpels which may or may not be functionally

active. In some cases the stamens may alone be functional

Flowe
may

same This kind of

flower possesses radial symmetry and is also called for that

reason Actinomorphic

Irregular

more

symmetry
If it possesses bilateral

/eet nea. it is also called

262
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zygomorphic. Irregularity may result either from variation in

form or size of the parts of a whorl, from appendaging, as in the

calyx of the Larkspur where one of the 5 sepals bears a long spur,

or from abortion.

A Symmetrical Flower is one in which the parts of each

whorl are of the same number, or multiples of the same number,

as the lily or rose.

Fig. 177.—Diagrams of floral structures. A, Shows the relations of the floral

parts in a hypogynous flower ; B, the same in a perigynous flower ; C, the same in

an
forms„ _ ^ ^

stamens (right); H, slight union of two carpels to form a compound pistil; / and J,

union of carpels more complete; K and L, cross-sections of compound pistils, of

three carpels. In B: a, stamen; b, petal; c, sepal; d, pistil; e, receptacle;/, pedicel.

In D: a, anther cell; b, con

d, ovary. (From Hamaker.)

In E: a> stigma; b, style; c, ovules;

When either petals or sepals, or both, are present in more

than the usual number, the flower is said to be "double," as the

cultivated Rose and Carnation. The doubling of flowers is

brought about through cultivation and is due either to the trans-

formation of stamens (as in cases cited), and occasionally of

forma ti

of a new series of petals.

more pistils are present and stamens

flower is called Pistillate, or female; if it possesses one or more

stamens but no pistil, it is described as Staminate, or male; if

both are absent, Neutral, as marginal flowers of Viburnum
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and Hydrangea. When staminate and pistillate flowers are

borne separately they are called diclinous flowers. Flowers con-

stamens Some
staminate

flowers on the same individual, and are called Moncecious.

When the staminate and pistillate flowers are borne on different

plants of the same species, the plants are termed Dioecious, as the

Sassafras and Willow. When staminate, pistillate and hermaph-

rodite flowers are all borne on one plant, as on certain species of

Maple and Buckwheat, they are polygamous.

A Hypogynous Flower is one in which the sepals, petals and

stamens are attached near the base of the receptacle while the

pistil or the carpels are arranged over the upper portion of

rnolia and strawberry. The recep-ma
dome

elongated like a spire. The ovaries of this type of a flower are

superior.

A Perigynous Flower is one in which the sepals, petals and

stamens are inserted on the edge or summit of a saucer or cup-

shaped receptacle while the pistil or carpels are inserted at the

bottom of the receptacle, as in the flowers of the cherry, rose and

almond. The ovary of this type of flower is superior.

An Epigynous Flower is one like that of the apple or quince

where the receptacle is greatly hollowed out in vase-shaped

manner, its summit overarching the top of the ovary and bearing

the sepals, petals and stamens above the ovary. The ovary of

such a flower is inferior.

Prefloration.—By prefloration is meant the arrangement

of the floral envelopes in the bud. It is to the flower bud what

vernation is to the leaf bud, the same descriptive terms being

largely employed, as convolute, involute, revolute, plicate,

imbricate, etc.

In addition to those already defined under vernation, the fol-

lowing are important.

Valvate Prefloration, in which the margins of the parts meet but

do not overlap. Of this variety the induplicate has its two

margins rolled inward, as in Clematis. In the reduplicate, they

are turned outward, as the sepals of Althaea.
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Vexillary, the variety shown in the corolla of the Pea, where
the two lower petals are overlapped by two lateral ones, and the

four in turn overlapped by the larger upper one.

Contorted, where one margin is invariably exterior and the

other interior, giving the bud a twisted appearance, as in the

Oleander and Phlox.

Connation and Adnation.—In the development of the

flowers of primitive species of flowering plants, the parts of each

whorl are disjoined or separate from each other. In many
higher types, however, the parts of the same whorl frequently

Fig. 178. Fig. 179.

Fig. 178.—Flower of the Ash (Fraxinus); both calyx and corolla absent (achlam-

ydeous) .

Fig. 179.—Flower of the Goosefoot (Chenopodium) with a calyx but no corolla

(monochlamydeous) . (After Small.)

become partly or com
termed connation, codes

this may be seen in

erally. This condition is

vngenesis. Illustrations of

monium, and Uva Ursi

laterally to form gamo-

petalous corollas. When the one or more parts of different

stamens with petals (Rhamnus) or stamens

(Apocyn

Receptacle.—The Receptacle, Torus, or Thalamus is a

more
floral leaves. It is usually flat or convex, but may be conical

and fleshy as in the Strawberry, concave as in the Rose and Fig,

or show a disc-like modification, as in the Orange. Like other

stems it has nodes and internodes. The internodes of the

many
When
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corolla, as in Lychnis, the structure resulting is called an Antho-

roecium

androecium and gynoecium

flowers of the Umbelliferce, ta Gynophore. In the flowers of the Un

elongates between the carpels producing the structure called a

Carpophore.

The Perigone.—The perigone or perianth is the floral

envelope consisting of calyx and corolla (when present).

When both whorls, i.e., calyx and corolla, are present the

flower is said to be dichlamydeous; if only calyx is present,

monochlamydeous.

Fig. 180. Fig. 181. Fig. 182.

Fig. 180.—Chorisepalous and hypogynous calyx of the Pimpernel (Anagallis)

Fig. 181.—Gamosepalous and bilabiate calyx of the Deadnettle (Lamium).

Fig. 182.—Urceolate calyx of the Henbane (Hyoscyamus) . (After Small.)

The Calyx.—The Calyx is the outer whorl of modified

leaves. Its parts are called Sepals. These may be distinct or

separated from one another when the calyx is called Cho-

risepalous, Aposepalous or Polysepalous. If the sepals are

more or less united at their margins, the calyx is called Gamo-

sepalous or Synsepalous.

The sepals are usually green—foliaceous or leaf-like but

may be brilliantly colored, hence the term petaloid (like the

petals) is applied. Examples of flowers having a petaloid

calyx: Tulip, Larkspur, Columbine and Aconite.

In the Daisy Family, etc., the calyx is modified in the form of

teeth, bristles, hairs or awns and is then called the Pappus.

In a gamosepalous calyx, when the union of sepals is incomplete,

the united portion is called the tube, the free portion, the limb, the

orifice of the tube, the throat.
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form, the calyx may
evenly

and shape. more common forms are tubular, resembling

eel-shape; campanulate, or bell-shaped: urceolc

Fig. 183. Fig. 184. Fig. 185.
Fig. 183.—Campanulate calyx, surrounded by an epicalyx, of the Rose of

Sharon {Hibiscus).

Fig. 184.—Perigynous and chorisepalous calyx (cf) of Rose with concave
receptacular tube (ct) with stamens (e) inserted perigynously on its edge.

Fig. 185.—Persistente pigynous calyx (c) of the Quince (Gydonia), showing the

receptacular tube completely enveloping the matured carpels. (After Small.)

Fig. 186. Fig. 187. Fig. 188.

Fig. 186.—Caducous hairy calyx of the Poppy (Papaver).

Fig. 187.—Globose persistent calyx of Winter Cherry (Physalis).

Fig. 188.—Perigynous chorisepalous calyx of Indian Cress (Tropaolum) with

spurred receptacular cup. (After Small.)

hypocraterifi

forms

exam
remains after the corolla and stamens

sometimes even until the fruit matures
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family; in either case it is said to he persistent If it falls with

stamens

the calyx falls very early

May If

called fug

Sepaline Nectaries and Spurs.—Occasionally some or all of

the sepals may become pouched and at length spurred as nectar

receptacles or as receptacles for other parts that are nectariferous.

Thus, in the Crucifera or Mustard Family, we occasionally see a

stamens"

Fig. 189.—Strawberry {Fragaria chiloensis). lan

(After Robbins.)

slight pouching of the two lateral sepals. These act as nectar

pouches for the nectar secreted by nectar glands on the knobs or

These becomestamens

become

elongated spurs. Again, in the Larkspurs, the posterior sepal

forms an elongated spur into whi

iferous petals. In Aconitum the

spurred, forms an enlarged hooc

same instead of being

helmet
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hammer Wild Colum
bine (Aquilegia) each of the 5 sepals develops a spur.

Sepaline Stipules.—These structures are well developed and
easily traceable in the more primitive herbaceous members of

the Rose family. Thus in Potentilla, Fragaria, Geum, etc.. in

normal

m
normal

This is outside of the

The five lobes of the

may be as large or larger than the sepals or smaller

to the disappearing point. Upon examining a few flowers of

Potentilla or Fragaria, it will be observed that not infrequently one,

sometimes two lobes of the epicalyx are bifid, or deeply cleft, or

separated completely into two parts. The explanation is that

form

opaline stipule,

fuse in adjacent pairs, one stipule of one sepal joining with the

adjacent stipule of another sepal to form five lobes.

Sepaline Position.—The most simple and primitive position

for the sepals in relation to the floral parts is Hypogynous, in

which the sepals are inserted directly into the enlarged floral

axis (receptacle) below the petals, stamens and carpels. But in

the more primitive herbaceous Rosacea, Leguminosce, etc., the

floral axis forms a saucer-like, transverse expansion which pushes

out the sepals, petals and stamens on its edge. Thus originates

the Perigynous insertion of the sepals. In not a few higher

Saxifi

becomes

Almond, Plum
stamens

different levels. Q
greatly hollowed-out receptacle assumes a vase-shaped form

p of the ovary, at the same time

stamens above the ovarv. Here th

Epigynous.

The Corolla.—The Corolla is the inner floral envelope,

more

combinations of color. Its parts are called Petals,

he calvx closelv resembles the corolla in structure anH
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P The purpose of

these envelopes is to protect the reproductive organs within, and
also to aid in the fertilization of the flower, as their bright colors,

*

fragrance and saccharine secretions serve to attract pollen-carry-

ing insects.

When the petals are not united with each other, the corolla is

said to be Choripetalous, Apopetalous or Polypetalous.

nm of receptacle

Fig. 1 90.—Sour Cherry (Prunus cerasus). Median longitudinal section of flower.

Note the perigynous insertion of the sepals, petals and stamens. The ovary is

superior. (After Robbins.)

more
petalous, often called Synpetalous.

Forms of the Corolla and Perianth.—When 1

petals are four in number, and arranged in the form

Crucift Example: Mustard

The Pap

resemblance

family Cruciferae

form is very
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names

vexillum, or standard; the two beneath it the alee, or wings; the

two anterior, the carina or keel. Examples: Locust, Pea, and

Clover. [Fig. 193 (9).]

Orchidaceous flowers are of peculiar irregularity, combining

calyx and corolla. The petal in front of stamen and stigma, which

differs from the others in form and secretes nectar, is called the

Labellum (Fig. 192). Examples: Cypripedium and other Orchids.

of receptacle'

Fig. 191.—Apple (Malus sylvestris). Median lengthwise section of flower

Note the epigynous insertion of sepals, petals and stamens. The ovary is inferior

{After Robbins.)

When calyx and corolla each consist of three

resembling each other in form and color, as in the T
the flower is called Liliaceous.

The Lieulate or Strap-shaped corolla is nearly co

remaifamily Composite. It is usually tubular at the base, the

resembling a single petal. Examples: Marigold and Arnica

Flowers.

com
rmtwo petals, the lower one of three. This f<

name to the Labiata, while in the family Legum
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ment is sometimes reversed. The corolla may be either ringent,

or gaping, as in Rosemary and Sage, or personate, when the throat

is nearly closed by a projection of the lower lip, as in Snapdragon

and Linaria.

Rotate or Wheel-shaped, when the

tube is short and the divisions of the

limb radiate from it like the spokes

of a wheel. Example: The Potato

blossom.

Crateriform or Saucer-shaped, like

the last except that the margin is

turned upward or cupped. Exam-
ple: Kalmia latifolia (Mt. Laurel).

Hypocrateriform or Salver-shaped

(more correctly, hypocraterimor-

phous), when the tube is long and

slender, as in Phlox or Trailing

Arbutus and abruptly expands into

Fig. 192.-Flower of an orchid
a flat limb

-
The name is derived

{Orchis militaris). A, a, bract; 6, from that of the ancient Salver, or

ovary; c, the outer, and </, the two hypocraterium with the stem or
anterior perianth leaves;, the label- j^j beneath-
lum or lip with spur, /, (nectary);

g, the gynostemium the union of When of nearly cylindrical

stamens and pistil. B, flower after form, the Corolla is Tubular, as in

removal of all the perianth leaves the Honeysuckle, and Stramonium.
with the exception of the upper part ~,

'

/T r .., ..- x

of the labellum; h, stigma; /, rostel-
Funnel-form (Infundibuhforrn),

lum, a beak-like extension from the Such as the corolla of the common
upper edge of the stigma; *, tooth- Morning Glory, a tube gradually
like prolongation of rostellum; 772, 1 . r ;1 , 1

Qnt . A .

~ L +
. ir . ' enlarging from the base upward

anther; n
9
connective; 0, pollinium; & & r

q, viscid disk; />, staminodium, C, a into an expanded border or limb.

pollinium removed and enlarged; Campanulate, or Bell-shaped, a
r its stalk (caudicle); ,, pollen mass.

tufc>e whoge j h
.

mQre than
D, ovary in cross section. {After .

° ..
Strasburger, Macmillan Co., publishers.)

tW1Ce the breadth, and which

expands gradually from base to

apex. Examples: Canterbury Bell, Harebell.

Urceolate, or Urn-shaped, when the tube is globose in shape and
the limb at right angles to its axis, as in the official Uva Ursi,

Chimaphila and Gaultheria.
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yphylL

summit

I

A

8

2 3

6
7

9
Fig. 193. forms 1, Personate bilabiate

corolla of Linaria; 2, cruciform corolla of Rocket; 3, companulate corolla of

Harebell; 4, infundibuliform corolla of Bindweed; 5, ringent bilabiate corolla of

Rosemary; 6, spurred calyx of Larkspur; 7, ligulate corolla of Chrysanthemum;

8, rotate corolla of Pimpernel; 9, papilionaceous corolla of Irish Broom; 10, urceo-

late corolla of Heath.

broad limb. Examples: Carnation and other members of the

Pink family.
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Appendages of the Perigone.—In addition to the sp

already discussed, the following outgrowths of the perianth may

also be encountered:

The Auricle, an ear-shaped appendage occurring on the

calyx of Lobelia. This term is also applied to similarly shaped

lobes of foliage leaves.

The Awn is a sharp, rigid outgrowth from the tip or dorsal

surface of a perigone lobe.

The Horn or Cornua is a hollow, horn-like appendage.

The Cauda is a long, drawn out, tail-like appendage, as

seen in the petals of the Cacao plant.

The Palate is a sac-like upgrowth of the lower lip of a

personate, bilabiate corolla.

The Keel is a ridge resembling the keel of a boat.

The Corona or Crown is a circular upgrowth from the throat

of the perianth, as seen in Narcissus. It may represent the up-

growth and coalescence ofstipules ofperianth segments or stamens.

The Andrcecium or Stamen System.—The andmcium is the

single or double whorl of male organs situated within or above

the corolla. It is composed of Stamens or Microsporophylls.

A complete stamen (Fig. 177D) consists of a more or less

slender stalk portion called a Filament and a terminal appendage

called the Anther or Microsorus. The anther is generally

vertically halved by an upgrowth of the filament, called the

Connective, dividing the anther into two lobes.

Number of Stamens.—When few in number, stamens are

said to be definite; when very numerous, and not readily counted,

they are indefinite. The following terms are in common use to

express their number:

Monandrous, for a flower with but one stamen.

Diandrous, with two stamens.

Triandrous^ with three.

Tetrandrous, with four.

Pentandrous, having five.

Hexandrous, six.

Polyandrous, an indefinite number.

The most primitive flowers have numerous stamens, but pass-

ing from these to those of more evolved families there occurs a
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gradual reduction from many to ten, as in Caryophyllacea,

Leguminosce and some Aceracecz, these being in two circles. In

Malvacece^ Umbelliferce and other Apopetalous families as well as

many Synpetalae, the number five is typical. But in Scroph-

ulariacea^ while five are developed and fertile in Verbascum^ four

with a fifth staminode (sterile stamen) are found in the allied

genus Celsia. In Pentstemon there are four didynamous fertile

stamens and an equally long staminode. In Scrophularia the

fifth staminode is reduced to a petaloid flap in the posterior part

of the flower. In Linaria this exists only as a small knob at the

base of the back part of the corolla and there secretes nectar.

In most Scrophulariacece the fifth stamen is entirely absent and

the four stamens left are didynamous; but in Calceolaria two of

these are rudimentary and thread-like, the other two alone being

well-developed and fertile. In Veronica three stamens are entirely

absorbed and two only are left as fertile representatives.

Insertion of Stamens.—As to insertion the stamens may be:

Hypogynous, when inserted upon the receptacle below the

base of the pistil (see Fig. 177A).

Perigynous, when inserted on the calyx or corolla above the

base of and lateral to the pistil (see Fig. 1 775)

.

Epigynous, when inserted above the ovary (see Fig. 177 C).

Gynandrous, when inserted upon the pistil, as in Orchids and

Aristolochia (see Fig. 194 No. 8).

Proportions of the Stamens.—The stamens may be of

equal length; unequal, or of different length.

Didynamous, when there are two pairs, one longer than the

other. Examples: Snapdragons, Digitalis, Mints. [Fig. 194

(4).]

Tetradynamous, three pairs, two of the same length, the

third shorter. Example: Mustard. [Fig. 194 (6).]

Connation of Stamens.—Terms denoting connection

between stamens are:

Monadelphous (in one brotherhood), coalescence of the

filaments into a tube. Examples: Lobelia and Malvacece [Fig. 194

(5)].

Diadelphous (in two brotherhoods), coalescence into two

sets. Example: Glycyrrhiza. [Fig. 194 (2).]



276 PHARMACEUTICAL BO TANT

Fig. 194.—The Stamen System. 1, Stamen of Hepatica showing adnate

anther, the 2 lobes separated by connective; 2, diadelphous stamens of a leguminous

plant; 3, polyadelphous stamens of Orange with calyx at base; 4, flower of Teucnum

showing didynamous stamens; 5, monadelphous stamens of Malva; 6, tetradyna-

mous stamens of a Crucifer; 7, flower oi Hypericum cut vertically to show triadelphous

stamens; 8, androecium and gyncecium of Aristolochia showing gynandrous stamens;

9, stamen of a Labiate showing branched connective with one anther-sac aborted

and absent; 10, adnate anther of Campanula; II, stamen of Malva with confluent

anther, which is 1 -celled; 12, stamen of Lily with versatile anther; 13, stamen of

False Rue Anemone with innate anther; 14, stamens of Sunflower showing syngene-

sious anthers.

Triadelphous, with filaments united into three sets

pie: St. John's Wort. [Fig. 194 (7).]

Exam-
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Polyadelphous, when there are several sets or branched

bundles. Example: Orange. 1

Syngenesious, when the anthers cohere. Example:
Composite.

Color of Stamens.—In most species the color of these organs

is seldom pronounced owing to their delicate structure. It

varies from greenish-yellow to yellow to white, through pink,

pinkish-red, red, purple, purple-blue to blue. It is yellow, for

instance, in Sassafras, Cucumber and Golden Club; greenish-

yellow, yellow to red, in Maples; yellow-pink to pink and pink-

ish-red, in some Mallows; in Azalea amena the filaments are

crimson

both filaments and anthers are blue.

Gross Structure and Histology of the Filament.-—The
filament may be cylindric as in the Rose, awl-shaped as in Tulip,

flat and with a dilated base as in the Harebell, three-toothed as in

Garlic, appendiculate, when it bears an appendage as in

Chcetostoma, Alyssum, etc. The filament is covered with a protec-

tive epidermis containing stomata. Beneath this is a soft, loose,

cellular tissue, the mesophyll, and in the center a small vascular

bundle, the pathway of food from the floral axis to the anther.

In some cases the single bundle may split into two or three bundle

parts.

Gross Structure and Histology of the Anther.—Each
staminal leaf (Microsporophyll) bears a special development or

appendage, as a rule, on its extremity which is the Anther or

Microsorus. This consists, fundamentally, of a median pro-

longation of the filament equal to the connective or placenta.

This develops on either side a quantity of indusial tissue that

grows out to form a covering substance that protects and carries

two Microsporangia on either side. An anther, therefore, con-

sists of a median connective or placenta, producing on either side

two anther lobes or indusial expansions. Each anther lobe encloses

two pollen-sacs or microsporangia, which, in some cases, remain

distinct up to the dehiscence (splitting open) of the anther.

Thus, in Butomus, the anthers show four pollen chambers up to the

1 In the Orange flower each set of stamens consists of a filament bearing in its

distal region phalanges of stamens or staminal leaflets.

*
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time of dehiscence. Again, in various species of Lauracece, the

anthers remain four lobed and dehisce by four recurved lids.

But in the great majority of Angiosperms each pair of pollen

sacs fuse before dehiscence, owing to the breaking down of the

partition between them, and so, at that time, show two-celled

anthers. Still more rarely the anthers may be two-celled in

their young state and by the breaking down of the partition

become one-celled, e.g., Malvacece.

Stomium
m

Pollen Mother
Cell

-ex

Tapetum~

Fig. 195.—Cross section of immature anther of Johnson grass {Holcus halepensis

L.). The pollenm other cells are contained within four microsporangia. ex9

exothecium. (Mottier.)

mature
epidermis

which may develop stomata, also hairs. Within it is a combined
layer or set of one to often two or three, sometimes five or six

cell layers (Agave, etc.) of indusial and sporangial cells, the

Endothecium. The outermost one to three layers of this

become spirally, annularly or stellately thickened to form the

elastic tissue of the anther, which, by pressure against the delicate

epidermis or Exothecium, causes ultimate rupture of the anther
wall. Within the innermost endothecial layer, bounding each
sporangium, is the Tapetum, a single-celled layer. This, near
the time of dehkrenrp* nr*rWo-/~v«o k^^i,;~~ ^i^,.^ ^*. ^Ko™*r>tiVm
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microspore cells. Filling the cavities

the mature pollen grains. The con-

s center a vascular bundle with xylem

uppermost and phloem downward, surrounded by thm-walled

cellular tissue, from which the indusial and sporangial substance

has matured by extension.

Anther Dehiscence.—This is the breaking open of the

anther to discharge the pollen.

When fullv ripe the dividing: par
• •

sporangia usually becomes thinned, flattened and imate

endothecium

pushing against the more delicate and now shrinking exothecium

causes rupture where endothecium is absent, namely along

opposite lines of the anther wall. Thus arises a line of anther

dehiscence called longitudinal anther dehiscence on either side of the

anther sacs. family

some
small apical pores from

the pollen is shed. ipical p

dehiscence. Again, in Lauracea and Berberidacece, the anthers

dehisce by recurved valves (see Fig. 202). This is called valvular

dehiscence.

Moreover, in Malvaceae, the originally longitudinal anther is

divided internally by a partition. It gradually swings on the

filament so that eventually the anther is transverse and the par-

tition becomes absorbed, thus becoming a one-celled anther

with transverse dehiscence in its mature state [see Fig. 194 (11)].

Development of the Anther.—Each stamen originates as a

from

carpels. mai

tissue. The filament develops later. When such a young sorus

or anther is cut across and examined microscopically, it shows a

mass of nearly similar cellular tissue in which the first observable

changes are the following:

The surface dermatogen cells become somewhat flattened and

regular to form the future epidermis or exothecium of the anther.

same time, some cells, by more

middle
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vascular bundle in the connective. Then, along four longitudinal

tracts, rows of cells remain undivided or only divided slowly as

they increase in size and around them cells divide and redivide

to form the future endothecial and covering tissue to the four

sporangia. Next, the four sporangial tracts of undivided cells cut

offfrom their outer surfaces a layer of enveloping cells, the tapetum.

This consists of richly protoplasmic cells that form a covering to

the spore mother-cells within. Each spore mother-cell undergoes

division and redivision into four spore daughter-cells, at the same

time that reduction in the chromatin substance takes place in

Fig. 196.—Cross-section of a mature lily anther. The pairs of pollen chambers

unite to form two pollen sacs, filled with pollen grains; s, modified epidermal cells

at line of splitting. (From a Text-book of Botany by Coulter, Barnes, and Cowles. Copy-

right by the American Book Company, Publishers.)

these cells. Thus originate tetrads (groups of four) #
mo her-cell wall. These continue

to enlarge, press against the mother-cell wall, which becomes

converted into mucilage, and each of the tetrad cells becomes in

time a mature microspore or pollen grain.

During this time the entire anther is growing in size, the cells

of the endothecium in one or more layers becomes thickened by

lignin deposits to form a mechanical endothecium; the tapetum

gra

maturin W
micr

becomes narrowed, flattened and ruotured and thus numerous
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microspores or pollen grains fill two cavities, one on either side

of the connective. The microspores or pollen grains at first show

E

F

Fig. 197,-Various forms of pollen grains. Pollen from Typha latijoha (A),

Zea mays (B), Ambrosia elatior (C), LUium phUadelphtcum (D), P,nus (E\ Ranunculus

bulbosus {F), Carpinus caroliniana (G), Althaa rosea (//), Oenothera bzenms (I). All

highly magnified. Drawing by Hogstad.

only a thin, clear, cellulose layer, but from this, by a differentia-

tion of the exterior film, the exospore layer or exine becomes cut off.
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This becomes cuticular. The cellulose inner layer {endospore or

inline) ) remains unaltered. In the development of the exospore,

one to several deficiencies are usually left in it through which the

endospore may protrude later as the rudiment of the pollen

tube. These are called germ pores.

Attachment of Anther.—The attachment of the anther to

ament may
ament

Adnate, adherent throughout its length.

Fig. 198. Fig. 199.

Fig. 198.—Orchid Pollinia (p) y
composed of masses of pollen grains, with

caudicle (c), and disc or retinaculum (r). (After Small.)

Fig. 199.—Upper part of Orchid flower, showing the retinacula (a) in place

within the rostellum or sterile stigma. (After Small.)

Versatile, when the anther is attached near its center to the top

of the filament, so that it swings freely. The adnate and versatile

types are introrse when they face inward, extrorse when they face

outward.

Pollen. microspores vary in form

different species and varieties and while they are averagely

constant for these, nevertheless, many exceptions have been

recorded. The following are

Four Spore Daughter -cells', h

(Typha), forming a pollen gn

some of the commoner forms

simple pollen grains, as in ^ostera

shaped, as the pollen of the Pines.

, as in the Evening Primrose (CEnc

s in the Malvacece.

Spherical, as in Geranium, Cinnamon
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Lens-shaped, as in the Lily.

Spinose, as in the Compostta.

Barrel-shaped, as in Polygala.

Under the microscope, the immature pollen grain generally

consists of two membranes, an outer firmer one called the exospore,

which may be variously marked and which possesses deficiencies

in the form of "pores" or "clefts," and an inner delicate cellulose

membrane called the endospore, which surrounds a protoplasmic

interior in which are imbedded a nucleus, oil droplets and

frequently starch or protein.

Pollinia.—These are agglutinated pollen

masses which are common

many
Asclepiadacece

.

Hay Fever Pollens.—The pollen of

plants, notably certain species of Composite,

Chenopodiacece , Graminece, Amaranthacea, Fagacea,

Ulmacece, Salicacea and Juglandacea, has been

shown to be responsible for "Rose Cold" and

"Hay Fever." The chief hay-fever pollens are

Ragweeds Fig. 200.—Pol-
Wormwoods iinia of a Milkweed

(Artemisia), Russian Thistle (Salsola), various (AscUpias). b. Free.

. • i f +U ^r-n P- Adhering to the

grasses and cereals including timothy, corn,
head of the stylej ,.

wheat, oats and Buffalo grass, and a number of
(AJter SmalL)

trees including the oaks, elms, poplars, black

walnut, and red cedar. From the investigations of Walker and

others, it appears that the symptoms of "Rose Cold" and "Hay

Fever" which are seasonable forms of bronchial asthma are

induced by the sensitivity of individuals to the proteins of certain

pollens. At the present time pollen extracts, also called pollen

allergens, pollen antigens and pollen atophans, are manufactured

from various pollens to be used in the diagnosis, prevention and

relief of this disease.

The Gyncecium or Pistil SvsTEM.-This is the female

system of organs of flowe

more modified leaves cal

phyll is a female organ 01

may
rpel or megasp

In the Spruce, Pine,

leaf or scale which bears
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enclose the ovules. angiosperms it forms

complete is com
of three parts, the ovary or hollow portion at the base enclosing

the ovules or rudimentary seeds, the stigma or apical portion which
receives the pollen grains, and the style, or connective which

»

Fig. 201. Fig. 202.

a

»iifli'

Fig. 203

Fig. 204. Fig. 205.

Forms of Gyncecium

Fig. 201.—Monocarpellary pistil of Broom (Scoparius). o, ovary; s, style;

t, stigma. Fig. 202.—Barberry (Berberis). o, one-celled or unilocular ovary;
ov, ovules attached to marginal placenta (p) ; st, sessile stigma. One stamen dehisc-

ing by recurved valves is shown. Fig. 203.—Bicarpellary, syncarpous gyncecium
of Tobacco (Nicotiana Tabacum). o, ovary; s, style; g, capitate stigma. Fig. 204.

—

Syncarpous gyncecium of Primrose (Primula) with simple style and capitate stigma.

Fig. 205.—Median lengthwise section through flower of Paeony (Paonia). ds,

dorsal suture of carpel; vs, ventral suture. (After Small.)

unites these two. The last is nonessential and when wanting
is called sessile, as in the Poppy. The carpel clearlyma

form
leaf.

margins incurved, represents the ovary; the infolded surface

ovules are borne is the placenta

intermediate
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portion, the style. A leaf thus transformed into an ovule-bearing

organ is called a carpel or pistil. The pistils of the Columbine
and Pea are made up of single carpels. In the latter the young
peas occupy a double row along one of the sutures (seams) of the

pod. This portion corresponds to the infolded edge of the leaf,

and the pod splits open along this line, called the ventral suture.

Dehiscence, or the natural opening of the carpel to let free the

contained seeds, takes place also along the line which corresponds

to the mid-rib of the leaf, the dorsal suture.

The gynoecium may consist of a number of separate carpels, as

in the buttercup or Water Lily flowers, when it is said to be apo-

carpous, or the carpels composing it may be united together to

form a single structure, as in the flowers of Belladonna and

Orange, when it is called syncarpous.

If the pistil is composed of one carpel, it is called mono-

carpellary; if two carpels enter into its formation, it is said to be

bicarpellary; if three, tricarpellary; if many, polycarpellary.

Compound Pistils are composed of carpels which have united to

form them, and therefore their ovaries will usually have just as

many cells {locules) as carpels. When each simple ovary has its

placenta, or seed-bearing tissue, at the inner angle, the resulting

compound ovary has as many axile or central placentae as there

are carpels, but all more or less consolidated into one. The

partitions are called dissepiments and form parts of the walls of

the ovary. If, however, the carpels arejoined by their edges, like

the petals of a gamopetalous corolla, there will be but one cell,

and the placenta will be parietal, or on the wall of the compound

ovary.

Ovules.—The Ovules or Megasori are transformed buds,

destined to become seeds in the mature fruit. Their number

varies from one to hundreds. In position, they are erect, growing

upward from the base of the ovary, as in the Compositae;

ascending, turning upward from the side of the ovary or cell;

pendulous, like the last except that they turn downward ; horizontal,

when directed straight outward; suspended, hanging perpen-

dicularly from the top of the ovary.

In Gymnosperms the ovules are naked; in Angiosperms they

are enclosed in a seed vessel.
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Fig. 206. Fig. 207.

Fig. 209. Fig. 210. Fig. 211.

Fig. 208.

Fig. 212.

Fig. 213 Fig. 2.14.

Forms of Gvncecium

Fig. 215.

Fig. 206.—Cone of apocarpous carpels (c) of Tulip-tree (Liriodendron tulipifera).

a, receptacle; e, stamens. Fig. 207.—Apocarpous carpels of Strawberry, raised

upon a swollen, hemispherical carpophore. . Fig. 208.—Ripened apocarpous

carpels of Raspberry on conical receptacle (/). Fig. 209.—Apocarpous carpels

of Pheasant's Eye (Adonis). Fig. 210.

—

^antkoxylum with gynophore (g) and apo-

carpous ovary (o) free styles but united stigmas (s). Fig. 211.—Two bi-lobed

and Fig. 212

Similar but more distinctly divided gvncecium of Forget-me-not (Myosotis). Fig.

213.—Flower of Rue (Ruta graveolens) to show carpels (ov) united only at base.

Fig. 214.

—

a
9
Diagram of three apocarpous carpels; b, cross-section of the ovaries

of the same. Fig. 215.

—

a, Diagram compound pistil of three carpels with free

styles and united ovaries; b, cross-section of the ovaries of the same. (After Small.)
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A complete angiospermous seed ovule which has not under-

gone maturation consists of a Nucellus or body; two coats, the

outer and inner Integuments; and a Funiculus, or stalk.

Within the nucellus is found the Embryo Sac or Megaspore

asm (See Fig. 221.)

com
Micropyle admits

the pollen tube. The vascular plexus near the point where the

coats are attached to each other and to the nucellus is called the

Ghalaza. ^he Hilum marks the point where

ovule, and if attached to the ovule

of its length, the adherent portion of the funuculus is called the

Raphe.

Fig. 216—Forms of Ovules. A, orthotropous. B, campylotropous. C, amphi-

tropous. D, anatropous. (From Gager, redrawn from Gray.)

Ovules —The shape of the ovule may be Ortho-

straight; Campylotropous, bent or curved;

Amphitropous, partly inverted; and Anatropous, inverted.
tropous, or

forms are most common cam
hilum and micr

mated ovule of mu
The Placenta.—The placenta is the nutritive tissue con-

with the wall of the ovary. The various typesovules

ement (placentation) are grou

com •, (2) Sutural,

(3) Parietal, (4) Central, (5) Free Central.

Basilar Placentation is well illustrated in the Polygonacece

(Smart Weed, Rhubarb, etc.), in Piper and Juglans. Here, at the

apex of the axis and in the center of the ovarian base, arises a

sinde ovule from a small area of placental tissue.
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Sutural Placentation is seen in the Leguminosce (Pea, Bean,

etc.). Here

from which start the funiculi or ovule

stalks.

etc Here we find two or more
Pap

tissue running up along edges

of the fused carpels bearing the

ovules.

Central or Axile Plac-

entation is seen in Campanu-

lacea (Lobelia, etc.), Solanacece,

etc., where the two, three, or

more carpels have folded in-

ward until meet in the

center and in the process have

carried the originally parietal

placenta with them. This then
Fig. 217,-Heterostyly, a means of ma form a central sweHinR

insuring cross pollination. Two forms of , . ,

flowers of bluets {Houstonia) opened out
bearing the ovules over the

and seen from the inside. A, short Surface.

Free Central Placenta-
tion occurs perfectly in the

stamens and long style. B, long stamens

and short style. An insect visiting A, will

receive pollen upon the front part of its

body; upon visiting B this pollen will rub Primulacea, Plantaginacece and a
against the stigmas, and the pollen from few Other families. In this the
this flower will be received by the under ^ s j i CQver ^ Qr
part of the body; upon visiting another l

flower like A, the pollen from B will be roofm a central placental pillar

brushed against the stigma of A. (From around which the Ovules are
Darwin's "Cross Pollination." Courtesy of scattered
D. Appleton & Co.)

Style.—The style is the

i the stigma with the ovary.

may
It frequently divides into branches in its upper part. These are
called Style Arms. As
present. In the one-car

many style arms as carpels may-

some the
usually bent-up style is the tapered prolongation of a single

flower. many
Ranunculacece, each carpel bears a short to long stylar prolonga-
tion. When the carpels, however, are syncarpous, the common
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styles tend to become more or less fused but usually show lobes,

clefts or style arms at their extremities that indicate the number
of carpels in each case which form the gynoecium.

In some plants remarkable variations from the typical stylar

development may occur. Thus, in Viola, the end of the style is a
swollen knob on the under surface of which is a concave stigma

with a flap or Peg In the genus

Fig. 218.

—

Lilium Martagon.

section of the

Carina, the style is an elongate, blade-

like, flattened body with a sub-terminal

stigma. In forms of the Campanulacece,

the style is closely covered with so-

called collecting hairs. On these the

anthers deposit their pollen at an early

period before the flowers have opened.

Later, when the flowers open, insects

remove the pollen after which the

collecting hairs wither. The stigmas

then curl apart to expose their viscid

stigmatic hairs. In this instance there

are two distinct and at separate times

functioning hairs on the stylar prolon-

gation, viz.: (a) collecting stylar hairs, Longitudinal

functioning for pollen collection and stigma and upper part of the

distribution; and (b) stigmatic hairs for style -
The Pollen grains,

n j.- r +u a~ caught on the papillae of the
pollen reception from another flower. .. , .r "

m
stigma, have germinated, and

In Vinca, the Style Swells near its the pollen-tubes are growing

extremity into a broad circular stigma down along the walls of the

and then is prolonged into a short column ^ ,

"anal
;

(From Ga^er aJter

^ & Dodel-Port.

)

bearing a tuft of hairs that prevents the

entrance of insect thieves into the flower. In the genus Iris, the

common style breaks up at the insertion of the perianth into three,

wide, petaloid, style arms. Each of these bifurcates at its extrem-

ity. On the lower or outer face of this is a transverse flap that

bears the stigmatic papillae. In Physostigma, the style enlarges at

its extremity into a flap-like swelling which bears a narrow

stigmatic surface. Finally, in Sarracenia, the single style of the

five-carpelled pistil enlarges above into a huge umbrella-like por-

tion with five radiating ribs. At the extremity of each bifid end
of each rib is a minute, peg-like, stigmatic surface.
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The Stigma.—This is usually a viscid papillose surface of

greater If no

ma. the stierma

to be Sessile, as in the poppy.

In wind-pollinated flowers

such as the grasses, the stigmas

numerous

which cover the ends of the styles

and are intended to catch flying

pollen grains. Sue]

called plumose. In

l stigmas

animal-]

stigmas

Fig. 219.—Trimorphism and hetero-

usually small restricted knobs,

lines or depressions. The stig-

matic papilla vary in size in

different plants and even may
vary on different individuals of

species. Thus, in the

long styles of Primula, the stig-

matic papillae are elongated,

columnar, hair-like structures,

same

styly, a means of insuring cross pollina- whereas in the short Styles ot

tion. The three forms of flowers in the short-Styled flowers the papillae

loosestrife (Lythrum salicaria). The

corollas and calyces are omitted in order
are small knob-like cellular

terms
to show the different lengths of stamens Swellings.

and styles. The functional crosses are VariOUS

indicated by the arrows. (Fram Bar-
stigmaS to denote their shape,

?*!
i

Cr°SS
™
PfrtWnr C0WteSy °f

lobing, markings, appendages,
D. Appleton & Co.)

etc. Among the more common

of these are capitate, referring to a spheroidal stigma, bifid, or two-

lobed, truncate, when cut square off at the tip, annular, or ringed

below the summit, penicillate or brush-like, barbellate, having

minute

Pollination

Pollination is the transfer of pollen from anther to stigma

and the consequent germination thereon. It is a necessary step

to fertilization.
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1

When the pollen is transferred to the stigma of its own flower

the process is called Close or Self-pollination; if to a stigma of

another flower, Cross-pollination. If fertilization follows, these

termed respectively. Close or Self-ft

-/< means in time ruination

many cases by (a) the s

mens

(b) by the anthers and stigmas maturing at different times, (c) by

the pollen in many cases germinating better on the stigma of

another flower than its own and (d) by staminate and pistillate

flowers being borne on different plants of the same species.

In flowers like the geranium, clerodendron and chamomile,

the stamens mature and shed their pollen before the stigmas are

receptive. Such flowers are called protandrous. In the plantains,

figworts, etc., the stigma matures before the stamens. Such

flowers are protogynous.

The agents which are responsible for cross-pollination are

small animals, and man

Wind-p

their pollen is dry and powdery, flowers inconspicuous and

inodorous, as in the Pines, Wheat, Walnut, Oak, Birch, Beech,

Wormwood, Hop, etc.

Insect-pollinated plants are called Entomophilous. These,

being dependent upon the visits of insects for fertilization, possess

brilliantly colored corollas, have fragrant odors, and secrete

nectar, a sweet liquid very attractive to insects, which are adapted

to this work through the possession of a pollen-carrying appa-

ratus. Examples: Orchids, Irises, Foxglove, Aconites, etc.

Plants pollinated through the agency of water currents are known as

Hydrophilous. To this class belong such plants as live under

water and which produce flowers at or near the surface of the

same. Some of these as Ruppia disperse floating pollen grains,

others like postera produce pollen of the same specific gravity as

common

male flowers.

Bird-pollinated plants are called Ornithophilous. Some

plants like the Trumpet Creeper, Nasturtium and Honeysuckle

are pollinated by humming birds. Other plants, as Aspidistra,
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are pollinated by snails and slugs when they

acophilous. These have dark colored flowers.

Mal

ma
germination

embry

ultimate formation of the male and female game

Maturation and Fertilization

(In Angiosperms)

Maturation

Male microspore

mo
grain) divides into two cells, the mother and tube cells of the future

male gametophyte. The nucleus of the

form two sperm nuclei. Within the tube cell is found a tube

nucleus embedded in protoplasm. Upon germinating the parti-

tion disappears and the thin endospore (intine), carrying within it

the protoplasm in which are embedded the tube nucleus and two

sperm nuclei, penetrates through a deficiency of the exospore

(extine). The contents of the pollen grain at this stage is called

the male gametophyte.

Maturation of the Embryo Sag and Formation of the

Female Gametophyte.—The nucleus of the megaspore or embryo

sac undergoes division until eight daughter-nuclei are produced

which are separated into the following groups:

(a) Three of these nuclei occupy a position at the apex, the

lower nucleus of the group being the egg or ovum, the other two

nuclei being the synergids or assisting nuclei.

(b) At the opposite end of the sac are three nuclei known as

the antipodals which apparently have no special function.

(c) The two remaining nuclei (polar nuclei) form a group

lying near the center of the embryo sac which unite to form a

single endosperm nucleus from which, after fertilization, the

endosperm or nourishing material is derived. This stage of the

embryo sac constitutes the female gametophyte.

Fertilization in Angiosperms.—After the pollen grain

reaches the stigma, the viscid moisture of the stigma excites the

outgrowth of the male gametophyte which bursts through the
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mm The pollen

sperm

nucleus, penetrates through the loose cells of the style until it

reaches the micropyle of the ovule, then piercing the nucellus,

it enters the embryo sac. The tip of the tube breaks and one of

the sperm nuclei unites with the egg nucleus to form the oospore.

sperm The oospore

mbry

r Exine *--*

*- Intine—

*

Pore

Tube Nucleus

Generative

Nucleus

i
r

* Pollen Tube

P

— Sperm Nuclei

* Tube Nucleus G

Fig. 220.—Stages in the germination of the pollen grain and development of the

pollen tube. (From Robbins, after Holman and Robbins, after Bonnier and Sablon.)

ermination number

some lilies, etc., the second sperm

form the endosperm

nucleus. sperm

sperm

double ft

rmFormation of Endosperm.— lhe endosp.

embryo sac soon undergoes rapid division into a large number

mclei that become scattered about through the protoplasm

embry accumulate protoplasm about them

cell walls are laid down, Endosperm resulting.
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&

B

Fig. 221. an A,

lengthwise section through a pistil showing a single inverted ovule within the

The embryo sac is in the center of the ovule surrounded byovary

shown Note how the

pollen tube reaches and enters the micropyle of the ovule. B shows the develop-

ment of the eight nuclei in the embryo sac. C shows the mature female gameto-

game
EN,and the latter containing only three. AP, antipodal nuclei; E, egg nucleus;

two polar nuclei fusing to form endosperm nucleus; /, integuments; N, nucellus;

S, sperm nuclei. {After Atwood.)

Fig. 222.—Development of the embryo. This figure is a continuation of the

preceding. D shows the antipodal cells (AP) disappearing, and the fusion of the

two sperm nuclei with the endosperm nucleus {EN) and the egg nucleus (E).

The remains of the pollen tube (P) are seen in the micropyle (A/). E shows the

developing embryo with its suspensor (S) and the endosperm (END). F shows

the young embryo and its parts. C, cotyledons; PL, plumule; R, radicle. Note

that the embryo is surrounded by four coats. END, endosperm; N, nucellus;

// and 01, inner and outer integuments. H is the hilum. (After Atwood.)
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Development of the Embryo (Dicotyledons).—In the

development of the embryo of a typical Dicotyledonous type, as

seen in Brassica (the mustard genus), the oospore, lying within

the embryo sac, undergoes division and redivision to form a sev-

eral celled filament. At the end of the filament farthest away
from the micropyle of the ovule, unequal growth and differentia-

Fig. 223.—Successive stages, 1, 2, 3, 4, 6, 8, in the development of the embryo

of Brassica. 1. Proembryo.
3. Formation of dermatoeren.

2. Octant stage, x, Octant, i, i> Suspensor.

4. Differentiation of periblem and plerome. 6. Last

cell or hypophysis, (v)
f

of suspensor completes the dermatogen by division.

8. Inner part of v. dl
, d*

y
Completes periblem. v, Region of stem apex, h, h,

Bases of cotyledons. D, Dermatogen. Pe, Periblem. Pl
y

Plerome. (From

Small, after Kny.)

tion takes place which eventually produces the body or main part

of the embryo. Just below this region, the cells of the filament

develop into a suspensor whose basal cell is larger than the rest

and directed toward the micropylar end of the embryo sac.

The body of the embryo is formed as follows: The upper end

cell of the axis of the young developing embryo divides to form

2 rows of four cells each. The upper row of 4 cells by unequal

growth and repeated division form the terminal epicotyl and 2



296 PHARMACEUTICAL BOTANY

lateral cotyledons. The 4 cells of the lower row similarly form

the hypocotyl.

Monocotyledons.—In the average Monocotyledon, the

oospore divides to form a short row of 3 cells. The basal cell

which is the largest of the three does not divide. The middle

cell of the row by repeated division and unequal growth of the

cells, develops into a suspensor, a hypocotyl and a lateral epicotyl.

The terminal cell, by repeated divisions and unequal growth

forms the single cotyledon which is terminal on the axis of the

embryo.



Chapter XIII

THE FRUIT

The Fruit consists of the matured pistil (carpel or carpels)

and contents, or ovarian portion thereof, but may include other

organs of the flower which frequently are adnate to and ripen

with it. Thus, in the Apples, Pears, and Quinces, the receptacle

becomes thick and succulent, surrounds the carpels during the

ripening process and forms the edible portion of these fruits.

In Dandelion, Arnica, and many other members of the Com-

posite, the modified calyx or pappus adheres to the ovary during

its maturation into the fruit and renders the fruit buoyant. In

Wintergreen, the calyx becomes fleshy, surrounds the ovary,

reddens, and forms the edible part of the fruit. In Ground

Cherry {Physalis), the calyx enlarges considerably and encloses

the ovary in an inflated colored bladder. Involucres frequently

persist around and mature with the fruits. These may be

membranous as in Anthemis, Matricaria and other Composite,

leathery and prickly as in the Chestnuts, scaly woody cups

(cupules) as in the Oaks, or foliaceous cups as in the Filberts.

Occasionally, as in the Fig, Osage Orange, Mulberry, etc., the

fruit may consist of the ripened flower cluster or inflorescence.

Fruit Structure

The Pericarp.—The Pericarp, or seed vessel, is the ripened

wall of the ovary. In general the structure of the fruit wall

resembles that of the ovary, but undergoes numerous modifica-

tions in the course of development.

The number of cells of the ovary may increase or decrease,

the external surface may change from soft and hairy in the flower

to hard, and become covered with sharp, stiff prickles, as in the

Datura Stramonium or Jamestown weed. Transformations in

consistence may take place, and the texture of the wall of the

ovary may become hard and bony as in the Filbert, leathery, as

297
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Peach, Grape, etc.

assume the forms

n the Apple, Pear, Quince, Wintergreen etc.,

pericarp consists for the most part of other elements than the

med ovarian wall and is then termed a pseudocarp or anthocarp.

The pericarp consists of three layers of different texture, viz.:

rtff °f

epican

mesocarp

endocarp
1 or '

'stone*

tpicarp rp and endocarp

The epicarp is the outer layer.

The mesocarp the middle, and the

endocarp the inner layer. When
mesocarp

When
rP

forming

dons
njo

or stone, this is termed aputamen.

Sutures.—The ventral suture is

a line formed by the coherent

edges of a carpellary leaf. The
dorsal suture is the mid-rib of the

carpel. Parietal sutures are lines

or furrows frequently visible on

formed

com ovaryripening of a

They occur between its dorsal
*

sutures and indicate the places of

union between adjacent septa or
Fig. 224.—Fruit of Cherrv (a ~f * • ^ i i

drupe) as seen in median lengthwise °f ^° P^^1 P^ente.
section. (After Robbins.) Valve These are the parts

numbe
permit

mature
the escape of the seeds. Depending upon the
the fruit is said to be univalved, bivalved, trivalved, etc.

Dehiscence.—This is the opening of the pericarp to allow the
seeds to escape.

Fruits are either Dehiscent or Indehiscent according as to
whether they open to discharge their seeds spontaneously when
ripe (Dehiscent), or decay, thus freeing the seeds, or retain their

cent).

mbryo piercing the pericarp in germination

norm
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pericarp splits vertically through the whole or a part of its length,

along sutures or lines of coalescence of adjacent carpels.

Legumes usually dehisce by both ventral and dorsal sutures.

Irregular or abnormal dehiscence has no reference to normal

sutures, as where it is Transverse or Circumscissile, extending

cortex of
receptacle

medulla of

receptacle'

—achene

i

Fig. 225.

—

A. The aggregate fruit of the Strawberry as seen in median longi-

tudinal section, X 2J^. B, A single achene. The greater bulk of this fruit consists

of a fleshy receptacle. Partially imbedded in the surface of this receptacle are

numerous seed-like bodies which represent true fruits or achenes. (After Robbins.)

around the capsule either entirely or forming a hinged lid, as in

Hyoscyamus, or detached.

Dehiscence is called Porous or Apical when the seeds

escape through pores at the apex, as in the Poppy; Valvular,

when valve-like orifices form in the wall of the capsule.

Valvular Dehiscence.—There are three kinds of valvular

dehiscence, viz.: septicidal, loculicidal and septifragal. Sep-
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ticidal Dehiscence is that form in which the constituent carpels

of a fruit become disjoined, and then open along their ventral

suture, as in Colchicum and Marsh St. John's Wort capsules.

Loculicidal Dehiscence, or dehiscence into loculi or cells, is

the form which is seen when each component carpel splits down
its dorsal suture, and the dissepiments or partition walls separat-

ing the ripened carpels remain intact, as in Cardamom and Iris.

Septifragal Dehiscence is that form in which there occurs a

breaking away of the valves from the septa or partitions, as in

Stramonium and Morning Glory fruits.

Classification of Fruits (according to structure).

—

Simple

Fruits result from the ripening of a single pistil in a flower, as

the Tomato or Banana.

Aggregate Fruits are the product of all the carpel ripenings

in one flower, the cluster of carpels being crowded on the ripened

receptacle forming one mass, as in the Raspberry, Blackberry,

Dewberry and Strawberry.

Multiple. Fruits are those which are the product of the

ripening of a flower cluster instead of a single flower, as the Fig

and Pineapple.

Simple and Compound fruits are either Dry or Fleshy. The

first may be divided into Dehiscent, those which split open when

ripe; and Indehiscent, those which do not.

Simple Fruits:

I. Capsular (dehiscing).

Dry<J II. Schizocarpic (splitting).

(ill. Achenial (indehiscent).

. (IV. Baccate (berries).
Succulent < X7 ^ , . . NV. Drupaceous (stone iruits).

The Capsular fruits include all of those, whether formed of

one or more carpels, which burst open to let their seeds escape.

Schizocarpic or splitting fruits are those in which each carpel

or each half carpel (in Labiatce) splits asunder from its neighbor

and then falls to the ground. The split portion is one-seeded.

Achenial fruits are dry, one-celled, one-seeded and indehis-

cent at the time of final ripening.

Baccate fruits are such in which the endocarp always and the

mesocarp usually becomes succulent and so the seeds lie in the
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pulp formed by the endocarp or endocarp and mesocarp

combined.

Drupaceous fruits are those in which the endocarp is always

fibrous or stony in consistence, while the mesocarp is more or less

succulent. The endocarp may become cuticularized as in the

Apples. The mesocarp may form stone cells lying in the midst of

soft parenchyma cells as in Pears; it may become hardened and

thickened by lignin deposits to form fibers as in the Cocoanut, or it

may become swollen and soft-succulent as in Peaches, Cherries, etc.

I. Capsular Fruits.—These may be simple, when composed

of one carpel as the follicle and legume, or compound, when

composed of two or more carpels as the capsule, pyxis, regma,

siliqua or silicule.

The Follicle or pod [Fig. 226 (1)] is a dry, simple, capsular

fruit formed of a single carpel which dehisces by one suture.

This is usually the ventral suture, as in Aconite, Staphisagria, Lark-

spur and some other Ranunculacece, but may be the dorsal suture as

in Magnolia and Illicium (Star anise).

A Legume is a dry, simple, capsular fruit formed of a single

carpel and dehiscent by both ventral and dorsal sutures. Exam-

ples: Peas, Beans, etc. The legume is typical of most Leguminosa,

Fig. 226 (8).

A Lomentum or Loment is a modified, usually jointed legume

that is separable transversely into one-seeded portions. Seen in

Acacia, Peanut, Tamarind, Entada scandens, Cathartocarpus Fistula,

Desmodium, etc. of Legummosa, Fig. 227 (5).

A Capsule is a fruit formed of two or more carpels composing

a compound pistil which dehisce longitudinally or by apical teeth

or valves. Examples: Cardamom, Poppy, Iris, etc., Fig. 226 (2

and 3).

A Pyxis or Pyxidium is a capsular fruit formed of two or more

united carpels that dehisce transversely. Examples: Hyoscyamus,

Plantago, Portulaca. The upper portion forms a lid which fits

upon the lower pot-like portion, Fig. 226 (4).

A Regma is a capsular fruit of two or more united carpels that

first splits into separate carpel parts and then each of these

dehisces. This type of fruit is typical ofHum crepitans (Sandbox),

Pelargonium (House Geranium) and Geranium, Fig. 226 (5).
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A Siliqua is a long, slender, one or two-celled capsule, often

with a spurious membranous septum (when two-celled) and two

persistent parietal placentae, the valves opening from below

upward. Examples: Mustard, Chelidonium and Wallflower, Fig.

226 (6).

I

4

7

Fig. 226.—Types of capsular fruits. 1, Pod of Aconite; 2, Capsule of Colchi-

cum showing septicidal dehiscence; 3, capsule of poppy, having porous dehiscence;

4, pyxis of Henbane; 5, dehiscing regma of Geranium; 6, siliqua of Celandine show-

ing valves opening from below upward; 7, silicule of Cochlearia; 8; Legume of Pea.

A Silicule is a short siliqua in which the length is never

much greater than the breadth. Examples: Cochlearia, Fig.

226 (7); Shepherd's Purse, etc.

II. Schizocarpig Fruits.—A Garcerulus or Nutlet is the

typical fruit of the Labiata, but is also seen in the Boraginacea,

The ovary that has become four-celled at the time of flowering

matures into four little nieces whirh snlit asunder lengthwise.

>
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Each split part is composed of one-half of a ripened carpel,

Fig. 227 (2).

A Cremogarp is the characteristic splitting fruit of the

Umbellijerce family. It consists of two inferior akenes or meri-

carps separated from each other by a forked stalk called a carpo-

phore. These mericarps usually cling to the forks of the

2
3

Fig. 227.—Schizocarpic fruits, and loment. 1, Cremocarp of Fennel, composed

of two mericarps (m) and a split carpophore (c); 2, carcerulus of the Bugle; 3, one-

carpelled samara of the Ash; 4, double samara of the maple; 5, loment of purging

cassia, a portion of the pericarp being removed to show chambers, each containing

a~smgle seed.

carpophore for a time after the cremocarp splits, but sooner or

later fall, Fig. 227 (1).

A Samara is a winged splitting fruit. It may be one-

carpelled as in the Elm, Ash, Tulip Poplar and Wafer Ash or

two-carpelled as in the Maples. See Fig. 227 (3 and 4).

III. Achenial Fruits (all indehiscent).—The Akene is a

dry, one-chambered, indehiscent fruit, in which the pericarp is

firm and not united with the seed, the style remaining in many
cases as an agent of dissemination, Fig. 228 (1). The latter

may be long and feathery as in Clematis or be hooked. Exam-
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pies of akenes: Fruits of the Comp Sedges, Buttercup,

Anemone, etc. Hip of the Roses consists of a number
akenes in a ripened concave receptacle.

The Utricle is like the akene, except that the enveloping

calyx is loose and bladder-like. Examples: Chenopodium, Fig.

228 (3).

A Caryopsis or Grain is a dry, one-celled indehiscent fruit

whose pericarp is always fused with the seed coat. This fruit is

more likely than any other to be mistaken Exampl

Z 9

- cu

Fig. 228.—Achenial fruits. 1, Akene of Pulsatilla cut vertically, showing
adherent feathery style (st), pericarp (p)\ testa (/), endosperm (e), hypocotyl (h)

and cotyledons (cot) the last two structures making up the embryo; 2, caryopsis

of wheat showing beard of hairs above and position of embryo of seed below;

3, utricle of Chenopodium cut vertically to show calyx (c), pericarp (p) and seed

(s) regions; 4, nut of an oak consisting of a glans (g) and cupule (cu).

Wheat, Corn, Barley, Oats and other members of the Graminece

Family. Fig. 228 (2).

Nut
leathery or stony pericarp. Exampl

one-seeded fruit with a

Palms

IV

mesocarp sometimes The Berry is

small fleshy fruit with a thin membranous

sicum. Tomato
imbedded. Exampl

from
donna, Egg-plant, Tomato, Fig. 229 (1).

Exampl
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A Bacca is a berry from an inferior ovary. Examples:

Gooseberry, Honeysuckle, Currant.

The Pepo or Gourd Fruit is a baccate fruit of large size

which has developed from an inferior ovary. It is fleshy

internally and has a tough or very hard rind. Examples: Fruits

of the Cucurbitacea and the Banana, Fig. 229 (2).

The Hesperidium is a large, thick-skinned, succulent fruit

with seeds embedded in the pulp but from a superior ovary.

Examples: Orange, Grape-fruit, Lemon, etc. In each of these

there is to be noted a glandular leathery epicarp, a sub-leathery

mesocarp and an endocarp in the form of the membranous cover-

Fig. 229.—Baccate fruits. 1, Berry (uva) of Belladonna with adherent calyx;

2, Pumpkin, cut transversely illustrating a pepo fruit; (/z), a locule; 3, hesperidium

fruit of the Orange cut transversely showing epicarp (e), mesocarp (m), endocarp

(en), pulp (p), and seed (s).

ings of separate carpels. From
become

amid

V. Drupaceous Fruits (succulent fruits in which the meso

more or less succulent, but the endocarp leathery or

stony).

—

a Drupe is a one-celled, generally one-seeded, dru-

Plum
amen is com
tchvma fibers

Fig. 230 (1).

The Pome is a fleshy, drupaceous fruit, usually 5-carpelled,

with a tough epicarp, succulent or fleshy mesocarp, and leathery

or stony endocarp, the chief bulk of which consists of the adherent

torus. Quince, Apple and Pear are examples. The carpels
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constitute the core, and the fleshy part is developed from the

torus, Fig. 230 (2) and 231.

I 2
Fig. 230.—1, Drupe of cocoanut cut vertically, showing epicarp (e), mesocarp

(m), stony endocarp (d)
9
seed coat (s), endosperm (end), and embryo sac cavity

(e.s.) which in the mature seed contains a nutritive fluid. 2, Pome of an apple

cut vertically to show core composed of 5 ripened carpels and flesh of matured

torus. 3, Etaerio of raspberry. 4, Same, cut vertically to show arrangement of

the little drupes on fleshy receptacle.

Aggregate Fruits.—An Et^rio consists of a collection of

little drupes or of achenes on a ripened torus of a single flower.
*

Fig. 231,—Pome of apple. A, median lengthwise section; B, cross section of fruit

(Robbins.)

r

Examples: Raspb

(3 and 4).

Blackberry, Strawberry, etc., Fig. 230
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Multiple multipl

sisting of a succulent, hollow torus enclosed within which are

of many Exampl Fig.akene-like bodies, products

232 (1). •

The Sorosis is represented by the Mulberry, Osage Orange,
etc., the grains of which are not the ovaries of a single flower, as in

many In the

Pineapple all the parts are blended into a fleshy, juicy, seedless

mass

Fig. 232.—Multiple fruits. 1, Syconium of Fig cut vertically to show hollowed

out receptacle (r) of ripened flower cluster; 2, strobile of the Hop; 3, galbulusof

Juniper.

The Strobile or Cone is a scaly, multiple fruit consisting of a

scale-bearing axis, each scale enclosing one or more seeds. The
name is applied to the fruit of the Hop, Fig. 232 (2), and also to

the fruit of the Coniferce in which the- naked seeds are borne on the

upper surface of the woody scales.

A Galbulus is a more or less globular multiple fruit formed of

three fleshy connate scales each bearing a seed on its upper or

inner surface, as in Juniper, Fig. 232 (3).

Histology of a Capsule, Vanilla.—The vanilla fruit is a

one-celled capsule formed by the union of three carpellary leaves

and dehiscing by two unequal longitudinal valves.

Microscopic Appearance of a Transverse Section.—Pass-

ing from periphery toward the center, the following structures

present themselves:
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1. Epigarp or ep

led epidermal cells

consisting of a layer of thick-

thin yellow cuticle. Stomata are

epidermal cells contain protoplasm

The
Some

crystals.

small prisms of calcium

Fig. 233.—Vanilla. Structure of the capsular fruit, c, cuticle; ep, epidermis;
hy, hypodermis; mes, mesocarp of parenchyma in which region fibrovascular bundles
(b) course; tr, tracheae, si, sieve tissue and/, sclerenchyma fibers of a bundle; end,

endocarp; pi, placenta; h, glandular hairs; sd, seed; s, suture; cr'
,
prismatic crystals

and cr 2
, raphides of calcium oxalate.

2. Mesocarp. a broad region divisible into a narrow, outer
hypodermis and broad inner ma zone. The hyp

composed ol one to several layers of collenchvmatic
cells with dark-colored contents. somewhat
than those ermis and thicker-walled. The inner

ma zone is composed of somewhat
ma cells becoming: smaller

inner part of this region. Most
some possess long raphides of calcium

: mounted in Dhloroe^lucin solution (^ r\

If
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carmine

be observed showing the presence of vanillin in this region. A
mber of clc

i mesocarp

pi

nner epidermal c

interplacental regie

inner) epidermis

numerous

balsam

placenta which extend into th

epidermis is composed of mu
Its

Fig. 234.—Photomicrograph of a transverse section of a mericarp of Foeniculum

vulgar e, showing epicarp (A), mesocarp (5), endocarp (F), vitta (C), endosperm

of seed (D), carpophore (G) and fibro-vascular bundle in primary rib (E). (Highly

magnified.)

4. Seeds.—These are minute blackish bodies attached to the

placental twigs of the placentae. Some of them may have been

torn off in cutting the section.

Histology of a Typical Mericarp, Fceniculum.—This

five-angled fruit, in transverse section, shows a concave com-

missural and convex dorsal surface. Passing from the surface

toward the center we note:

1. Epicarp, or outer covering tissue, composed of colorless

pidermal cells and small stomata epidermal

section appear rectangular, while in surface view they are both

polygonal and rectangular.

2. Mesocarp, of several layers of thin-walled, colorless,

isodiametric cells, beneath which are two to several additional
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layers of thicker-walled cells with brownish walls. Through the

angles or rib portions of the mesocarp extend the jibro-vascular

bundles. Each of these consists of a few spiral, annular and

simple pored tracheids and tracheae and many sclerenchyma

fibers. Between each fibro-vascular bundle and the tip of each

rib will be found a zone of collenchyma cells. In the mesocarp

between each two ribs on the dorsal side occurs a single Vitta or

oil tube which is lined with a layer of brownish polygonal cells.

These vittae contain the official oil of fennel. Two vittas gen-

erally occur in the mesocarp of the commissural side although

four are reported to have been found in this region of some
varieties of fennel.

3. Endocarp, a narrow layer of cells, transversely elongated,

except over the regions of bundles where they may be seen elon-

gated in several directions.

4. Spermoderm or Seed Coat, consisting of a layer of somewhat
broadened epidermal cells attached to the endocarp and several

layers of collapsed cells which are only well defined in the region

of the raphe.

5. Endosperm, a. central, somewhat reniform mass of more or

less polygonal cells containing aleurone grains and fixed oil

globules. Each aleurone grain generally contains a rosette

aggregate of calcium oxalate and one or two globoids.

6. Embryo, embedded in the endosperm of the upper region of

the seed, with its hypocotyl directed upward.



Chapter XIV

THE SEED

A Seed is a fertilized and matured ovule containing an
mbryo

dormant
remaining

range of conditions of temperature and moisture. When
fully developed within the seed it consists of four principal

parts: the caulicle or embryonic stem, the plumule or embryonic
bud, the radicle or embryonic root and one, two or more seed

leaves called cotyledons.

The plumule is at the summit of the caulicle and consists of

the young growing apex of the caulicle with delicate rudimentary
leaves enveloping it. The radicle is a continuation of the lower
end of the caulicle. It develops, upon the sprouting of the

seed, the primary or first root of the seedling. The cotyledons

frequently are carried above the soil, upon germination, and
there function to build up food for the seedling plantlet until the

latter has developed foliage leaves. In some seeds the cotyledons

contain stored food which is used by the embryo as it develops

into the seedling plantlet.

All that portion of an Embryo Plantlet above the cotyledons

is termed the epicotyl and all that part below the cotyledons, the

hypocotyL

The purpose of the seed is to insure the continuation and
distribution of the species. It is therefore an organ of reproduc-

tion. Like all other organs of the plant, seeds exhibit irritability,

nutrition, respiration and growth. These, in the dry seed, are

in the state of reduced activity. When properly stored, seeds

may live for one year, as those of Aconite

three years, as those of the Grass family

those of the Rose and Mallow families, ui

311

Pea family
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Seed Structure.—The average seed shows one or two Seed
Coats that enclose an Embryo which fills the seed cavity; the

exalbuminous, as in beans, peas and otherseed is then termed exalbuminous,

leguminous seeds; or between the seed coat and embryo reserve

food may be stored, and the seed is then termed albuminous, as in

the cereals, castor bean, etc. The stored food in or around the

embryo may consist of starch and protein (pea, bean), or starch,

Chalaza

--- Testa
L

- Endosperm

- Cotyledon

Raphe*- mm

m 40Plumule

Scar

Hypocotyl
L

Caruncle
\

i

A

I

Hilum

Fig. 235,

--- Testa

-- A—Endosperm

«•> rl" -
-f-

- - Cotyledons

Plumule

L 1 : /-

—

Hypocotyl

Caruncle

B

albumi A, view of

seed halved flatwise, showing surface of cotyledon and hypocotyl. B, longitudinal
section at right angles to the surface of the papery cotyledons. (Mottier.)

medicinal

reserve

number.

vomica, coffee, ivory-nut, palm
•nding to those of the ovule, are c

ie seed coat is present it is termed

The

derm. If two are present, the outer one is called the Testa, and
the inner one the Tegmen. The testa, or outer seed shell,

differs greatly in form and texture. If thick and hard, it is
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smooth
may

may
make

may be disseminated

seen in the Milkweed
Exampl

seed called a Coma, in Strophanthus, which has a long bristle-

like appendage attached to one end of the seed and called an

-fi

Fig. 236.—Appendages of seeds. A, coma (c) on milkweed (Asclepias); B,
strophiole (st) on bean (Pkaseolus) k> hilum, m, micropyle; C, strophiole on Corydalis

aurea; Z), aril on white water-lily (Castalia); E, projecting raphe (r) on pitcher plant
(Sarracenia purpurea); F, wing on trumpet creeper (Tecoma radicans); G, arillode

("mace") on nutmeg.

Gager.)

and {After

Awn, and in the seeds of the Trumpet Creeper and Pines which
have wings. The excrescence or slightly developed aril at or

near the hilum of some seeds, as in Castor and Colchicum Seed, is

called the Caruncle or Strophiole.

The tegmen or inner coat surrounds the nucellus closely and
is generally soft and delicate.

A third integument, or accessory seed coat covering the out-

side of the testa, is occasionally present and is called the Aril
or arillus. Examples: Evonymus (succulent) and Cardamom
(dry)

.
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When such an integument arises from
m
Arillode.

Nutmeg, it is known as an

Kernel
coats. Albumen is the name of the nutritive matter store*

seed. The Funiculus or seed stalk is absent in most
official seeds. Th
When the funiculi

called the Raphe.

scar left by its separation is called the Hilum

Mode

mbry
grows into the embryo and, stretching,

food material laid down around it, it happens that the nutritive
material lingers in the cells of the nucellus, pressing around the
embryo. This nutritive material is called Perispermic albumen.
The tissue of the seed containing it is called the Perisperm and

family

ovule. Seen in the Poly-

number of Angiosperms, the endosperm

imbedded in the protoplasm of the embryo
numerous

Endosp

embryo. Gathering protoplasm about themselves
down cell walls they form the Endosperm tissue out-
embryo. Into this tissue food is passed constituting
rmic albumen.

Arrowroot family (Marantacea), the Pepper family
(Piperacea), etc., nutritive material is passed into the nucellar
cells causing them to swell up, while to one side a small patch of
endosperm tissue accommodates a moderate amount of nourish-
ing substance, thus resulting in the formation of abundant
Perisperm and a small

Exalbuminous Seeds are those in which the albumen is

mbry Such seeds
mbryo taking up all or nearly all the room

the seed coat. Exampl

are those in which the nourishment
stored in the embryo until germination takes place. Such
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seeds show a larger nourishing tissue region and a smaller embryo
region. Examples: Nux Vomica, Myristica, Colchicum,
Castor, etc.

*

Gross Structure of a Monogotyl Seed (with Fruit Wall
Attached), Indian Corn.—The ripened seed of Indian Corn is

surrounded by a thin, tough pericarp which is firmly adherent to

and inseparable from the spermoderm or seed coat. Because of

this fact, while in reality a fruit called a caryopsis or grain, this

structure is sometimes erroneously termed a seed.

The mature grain of most varieties of Indian Corn is flattened

and somewhat triangular in outline, the summit bein^ broad and
mparatively narrow. The summit

marked bv a small

style. marks

which was inserted into the cob. Upon it may be found papery
chaff, representing parts of the pistillate spikelet. The groove

noted on the broader surface indicates the position of the

embryo.

Histology with Fruit Wall
Attached).—If a longitudinal section be cut through the lesser

diameter of a soaked grain, the following histologic character-

istics will be observed:

1 . The Pericarp or ripened ovarian wall which, alike with all

other grains, adheres firmly to the wall of the seed forming a

portion of the skin of the grain. The pericarp comprises an
outer epicarp of elongated cells with thin cuticle, a mesocarp of

becoming

layer of tube cells.

2. The Spermoderm or seed coat, a single layer of delicate

elongated cells.

3. The Perisperm, another layer directly underneath the

Spermoderm, difficult to distinguish without special treatment,

and representing the ripened nucellar tissue of the ovule.

4. The Endosperm or nourishing tissue, consisting of: (a) The
Aleurone Layer, for the most part a single row of cells, containing

aleurone grains. Some of the cells may be seen to be divided by
tangential partitions, (b) Starch Parenchyma, consisting of two
regions: an outer horny zone composed of cells containing for the
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Fig. 237.—Indian Corn grain and seedling. 1, Median longitudinal section
through lesser diameter of grain of corn showing fruit wall (pericarp) and adher-
ent seed coat (spermoderm) p + s; horny endosperm (end 1

); starchy endosperm
(end2); palisade layer (pal) scutellum (s) with vascular tracts (v); cotyledonary
sheath (cat); radicle (r) and plumule (pi). 2. Transverse section of a representa-
tive portion of outer region of corn grain showing pericarp (p) and spermoderm
(s) with tube cells (t.c); endosperm (end) with an outer layer of aleurone cells

an 3.

Young seedling showing first leaves (/); primary root (r) bearing secondary roots
(sr) with root hairs (h); cotyledonary sheath (cs) and seed coat (s).
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most part polygonal starch

mealv zone of cells with m

Fig. 238.—Median longitudinal section through the lesser diameter of a grain of
*

corn (Zea Mays). p, pericarp which is attached to subjacent seed coat; al, aleurone

layer of endosperm; end, horny endosperm; fe, floury endosperm; e, epithelium of

scutellum; sc, scutellum; cr, coleorhiza; r, radicle; pi, plumule. X 8.

5. The Embryo, consisting of a single shield-shaped cotyledon

adjoining the endosperm, the plumule or rudimentary bud at the

rudimentary stem

m The cotyledon
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or seed leaf consists of two parts: the scutellum which lies next to

the endosperm, and is an organ of absorption, and the sheathing

portion which surrounds and protects the rest of the embryo.

That portion of the cotyledonary sheath which surrounds the

radicle is called the coleorhiza; that portion surrounding the

plumule, the coleoptile.

The embryo contains oil and proteids, but no starch.

If a similar longitudinal section of a soaked grain be mounted

in dilute iodine solution, the contents of the aleurone cells will be

colored yellow indicating their proteid nature, while the starch

grains will take on a blue to violet coloration. The endosperm

will be observed taking up most of the room within the seed coat.

The contents of its cells are not baled out to the embryo until

after germination begins. Indian Corn is therefore an albuminous

seed.

Germination of the Seed

When any viable seed is planted in suitable soil, and furnished

with oxygen and water and a certain degree of heat, germination

takes place. The first step in germination is the imbibition or

taking in of water. In the presence of moisture, etc., the seed

imbibes water and the embryo and endosperm (when present)

swells. The ferments present within the cells of the embryo and

endosperm then change the insoluble proteid, starch, and oil to

soluble materials, which, in the case of Indian Corn, are absorbed

in solution by the scutellum which bales this nourishment out to
r

other parts of the growing embryo, there to be used in part in

constructing new tissues, and in part to be consumed by oxidation

or respiration. The process of respiration or breathing takes

place when the plant takes in oxygen and gives off carbon

dioxide. The oxygen oxidizes the food materials within the

tissues with an accompanying release of energy, which is neces-

sary to life and growth.

The combined pericarp and spermoderm bursts opposite the

tip of the radicle, and the radicle, piercing through the cotyle-

donary sheath, protrudes. The cleft in the coat lengthens to the
i

point opposite the tip of the plumule, which also protrudes after

bursting through the cotyledonary sheath. The radicle, next,
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grows downward into the soil forming the primary root, and devel-
ops upon itself secondary or lateral roots, all of which give rise to

root-hairs just above their root caps. Additional lateral roots

emerge

mule
primary The caulicle, carrying upon its tip

forms the leaves of the

plumule spread out and turn green to function as foliage

The perforated cotyledonary sheath grows out surroundin
the root and the stem for a oortion of their length. Rv thi time

—hypocotyl

epicotyl—

—

primary
root

\ primary roots

A B C
Fig. 239.—Different ways in which seedlings emerge from the soil. A, garden

pea; B, corn; C, Lima bean; g, ground level. (Motter.)

all or nearly all of the nourishment stored in the endosperm has

been absorbed and assimilated by the young seedling and the

coat and scutellum, left behind, gradually decay and disappear.

The root-hairs absorb nourishment from the soil, the green leaves

build up carbohydrates, prop-roots make their appearance at the

first node (joint) above ground, and the seedling grows larger.

Gross Structure of a Docotyl Seed, Phaseolus Lunatus
ima Lima

somewhat reniform Externally it exhibits a polished

minute



320 PHARMACEUTICAL BOTANY

R

i

Fig. 240.—Lima Bean. A, seed showing scar (hilum); B, embryo after removal
of seed coat showing one cotyledon {cot) and caulicle (c) ; C, embryo after removal
of one of the cotyledons showing the second cotyledon (cot), plumule (p), caulicle

(c)
y
and radicle (r); D, young seedling showing epicotyl (ep) bearing first pair of

green leaves (/) and a terminal stem bud (6); cotyledons (c), hypocotyl (h) with first

root (r) and rootlets (rt); E, cross section of representative portion of seed showing

spermoderm; epidermis (ep) and
(magnified).

and spongy
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)pyle or ft J
detachment from

thefuniculus

with the wall of the fruit. Upon

embry

Upon
embry

remove the seed coat or sp This done, the

fleshy

Fig. 241.—Stages in the germination of the common bean (Phaseolus vulgaris).

Showing nutation and hyponasty. (After Atkinson.)

and called the plumule, the caulicle or rudimentary stem, and

in line with the latter, the radicle, or rudimentary root, will be

seen.

Histology of the Lima Bean Seed.—In transverse sections,

the following microscopic structure will be evident:

1. Spermoderm of three regions, viz.; Palisade cells, Column
cells, and Spongy Parenchyma. The palisade cell layer is com-

posed of vertically elongated, thick-walled cells which are covered

on their outer faces by a clear glistening cuticle. The column

cells, found forming a layer directly beneath the palisade zone,

are hour-glass-shaped.
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Spongy parenchyma forms

ma
smaller than the middle

make
bulk. These are

region of mesophyll

com of an ep dermis covering over a

mesophyll is constituted of moderately

thick-walled cells which contain ellipsoidal and kidney-shaped

starch grains up to 65/z in length. A conspicuous branching

cleft will be seen in the larger grains.

In the Lima Bean, the nourishment is stored in the embryo
ing the growth

Germination c

It is, therefore, exalbuminous.

imbibition

of water and swelling of the seed contents, in dicotyledonous

plants the hypocotyl is generally the first part of the embryo to

emerge from Respond
stimulus

becoming the primary The

ma
primary root continues to grow in the

secondary roots. In the seeds of the L
cotyledons and epicotyl are pulled above the soil by the elonga-

a crook. In seeds of the peamakes

remainand corn, etc., in which the cotyledons 01

within the seed coat under the ground, the elongation of the

epicotyl brings the aerial organs above the soil surface.



Chapter XV

THE CLASSIFICATION AND NAMING OF PLANTS

The classification and naming of plants belongs to that depart-
i

ment of Botany called Taxonomy, a name which was derived

from two Greek words, taxis, arrangement, and nomos, law.

Principles of Classification

The modern classification of plants is an attempt to arrange

plants in groups based upon their natural relationship or genetic

affinities. The basis of all modern classification alike of plants

and animals is the theory of organic evolution.

Organic evolution presumes that all organisms living to-day

have descended from preexisting organisms either by direct

descent or by common ancestry. Sufficient evidence has been

brought forth during the past century to substantiate plant

evolution. The sources of this evidence have been found in part

through the study of comparative embryology, anatomy and

histology of plants, the study of fossil plants found in the rocks of

past ages of the world's history in comparison with living forms of

the present age, the comparison of life histories of present day

plants, and through the more recent sero-diagnostic tests of Carl

Mez and his pupils.

A system of classification based upon natural resemblances of

plants related by descent is called a Natural System. Any
system of classification which does not take into account the

natural kinships and evolutionary tendencies existing between

plants is called an Artificial System.

A number of artificial systems were derived and used by

botanists of the past. Most of them were based upon some

arbitrarily chosen character such as woody stems, petals,

stamens

Theophrastu

of pioneers in attempting a scientific grouping o

them structurally into trees, shrubs, undershrubs
323
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and herbs. He was the first to

natural families.

guish between certain

Leonhard Fuchs (1501-1566), a German physician and
botanist, in his Stirpium Historia (1542), an Herbal, chose to

arrange plants alphabetically by their Greek names.

Hieronymus Bock (1498-1554) published an Herbal in 1546

called Kreuter Buck in which he carefully described from nature

many plants which he grouped under herbs, shrubs and trees.

Fig. 242.—Linnaeus, the father of modern systematic botany. {After Gager.)

Caesalpinus (1519-1603) whose real name was Andrea
Cesalpino, an Italian physician and botanist, was dissatisfied

with the alphabetical arrangement and the narrowness of the

earlier artificial systems which were largely restricted to medicinal

plants. He attempted in his De Plantis (1583) a classification of

all plants without regard to their

based it upon their fruit and seed characters.

Gaspard Bauhin (1560-1624), a Swiss botanist, grouped
plants into seaweeds, grasses, lilies, trees and shrubs.

economic lm and
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John Ray (1627-1705), an English botanist, in 1682 intro-

duced a method of classification which distinguished between

flowerless and flowering plants. He arranged plants into two
chief divisions, viz.; woody plants and herbs, and made cotyle-

dons a basis for subdividing flowering herbs into monocotyledons

and dicotyledons.

Joseph P. De Tournefort (1656-1708), an eminent French

botanist, chose petals as his basis of grouping and subdivided the

flowering plants into the Apetali or the plants without petals and

the Petalodes or those possessing petals, distinguishing herbs and

undershrubs, trees and herbs. He was the first botanist to

describe genera.

The greatest of these artificial systems was that of the Sexual

System of Carl von Linne, popularly called Linnaeus (1707-

1778), a Swedish naturalist, who through his great works,

Systema Naturce, published in 1735 and Species PIantarum, published

in 1753, did more to establish Botany on a scientific foundation

than any previous investigator. Linnaeus divided plants into

sexual and asexual, the former of which he designated as Phanero-

gamia or flowering plants and the latter as Cryptogamia or flower-

less plants. His classification of the flowering or seed plants was

based primarily on the number and position of the stamens, each

of the larger groups being subdivided according to the number

and character of the carpels. In his Species Plantarum, he

systematically described a great list of plants giving to each species

a binomial name consisting of two Latin words. This system of

naming plants, called the "Binomial System,
55 has been followed

by all scientific botanists since Linnaeus and is still in use at the

present day.

The first natural system of classification was that devised by

Antoine Laurent de Jussieu, a French botanist, who in 1789,

issued his Genera Plantarum. This work formed the basis of all

future natural systems. Jussieu was the first to group the genera

into families, and many of his concepts on families are used with

modifications to-day.

In 1813, Augustin P. De Candolle, a follower of the teachings

of Jussieu, issued his Theorie elementaire de la botanique in which

he demonstrated that the affinities of plants are to be found
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through the study of the comparative embryology and structure

of plant organs. He later published his famous Prodromus which
was continued by his son Alphonse de Candolle with the aid of

eminent collaborators. This work gives descriptions of genera

mod
em ofJ

From 1862 to 1883, George Bentham and Joseph D. Hooker,
two eminent British botanists, issued their Genera Plantarurn.

This work contains a systematic arrangement of the Phanerogams
with a description of all of the genera then known.

This system was followed by the systems of A. W. Eichler

(Berlin 1883) and of Engler and Prantl. The latter, called "Die

Pflanzenfamilien become
most popular guide of systematists. It is based on the belief that

the absence of a perianth is a primitive condition and that

Monocotyledons precede Dicotyledons.

In 1926, J. Hutchinson, of the Royal Botanical Gardens at

Kew, issued the first volume of his work, " The Families of Flower-

ing Plants." This is a new natural system on the seed plants and
assumption

anatomical

as primitive are more ancient than plants without sepals or
petals. The Monocotyledons are placed after the Dicotyledons
from which they are claimed to have been derived.

In every modern natural system, every individual belongs to

a species or unit of classification.

mental concept of a group of individual plant
ang their more stable characters in common. While the

individual plants making up the group called a species may differ

in the size and number of their various organs and even show small
differences in the shape of their leaves or fruits, the parts of their

similar in form, number
ment. These more

members of a given species and to distinguish it from mem
bers of other species. When

same essential or more
characters as its parent or parents. Thus, all the Oak

comm

Qi
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Moreover, every species belongs to a genus, every genus to a

family, every family to an order or cohort, every order to a class,

every class to a subdivision and every subdivision to a division

or phylum of the Plant Kingdom.

A Genus is a group of related species. Thus, the plants we
recognize as red oak, scarlet oak, pin oak and white oak belong to

the genus Quercus. The chief structure upon which the concept

of a genus is based is the flower, but other organs also play a part.

A Family is a group of similar and related genera. Thus, the

oak genus {Quercus), the chestnut genus {Castanea) and the beech

genus {Fagus) constitute the family called Fagacece.

An Order is a group of related families. Thus, the Birch

Family {Betulacece), the Hazel Family {Corylacece) and the Oak
Family {Fagacece) constitute the order known as Fagales.

It will be noted that the common family ending is aceje,

more rarely je and the order ending ales.

A Class is a still higher group composed of related orders.

Thus, the Fagales, Ranales and a large number of other orders are

placed in the Class Dicotyledoneae, because all of them have

several outstanding characteristics in common, such as netted-

veined leaves, two cotyledons in embryo, parts of their flowers in

fours and fives, and open collateral bundles.

A Subdivision is a group of related classes. Thus, the Class

Dicotyledoneae and the Class Monocotyledoneae, while differing

in several characters, resemble each other in possessing covered

ovules and seeds and so are placed in the subdivision Angiosperma

.

A Division or Phylum is composed of related subdivisions. Thus,

the Subdivision Angiosperma or related plants having covered

seeds and the Subdivision Gymnospermce or plants with naked

seeds agree in possessing seeds and so are placed in the Division

Spermatophyta.

The Divisions Spermatophyta (seed plants), Pteridophyta

(ferns and their allies), Bryophyta (liverworts and mosses) and

Thallophyta (seaweeds, fungi, etc.) make up the Kingdom of

Plants.

In some instances species are subdivided into smaller groups

called Varieties and these in turn into Sub-varieties, Forms and

Strains. Classes may Thus,

the Class Dicotyledoneae contains two subclasses, the Archi-
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erma

lospermae

Class-Dicotyledoneae (seeds with two cotyledons).

ib-class-Archichlamydeae (petals disjoins

Order-Ranales (carpels disjoined, etc.).

Family

stamens)

(herbs many hypogy-

family-Helleboreae

urn

etc.).

Napellus (carpels, 3 or 4;

0/v i

n*

Thallophyta

Bryophyta

Pteridophyta

4

Outline of Plant Groups

Algae

Fungi

Cyanophyceae

Chlorophyceae

Bacillarieae

Phaeophyceae

Rhodophyceae

Schizomycetes

Myxomycetes

Phycomycetes

Ascomycetes

Basidiomycetes

Deuteromycetes

Ascolichens

Basidiolichens

/Ricciales

) Marchantiales

IJungermanniales

\ Anthocerotales

Andreaeales

Bryales

Sphagnales

Lycopodiales

Lycopodineae
{ Selaginellales

Lichens

Hepaticae

Musci

Equisetineae

Filicineae

Spermatophyta
Gymnospermae

Isoetales

Equisetales

Ophioglossales

Filicales

Hydropterales

Cycadales
Ginkgoales

Goniferales

Gnetales

Blue-green algae

Green algae

Diatoms

Brown algae

Red algae

Bacteria

Slime molds

Alga-like fungi

Sac-fungi

Club fungi

Fungi imperfecti

( Lichens

(
Lichens

Riccia, etc.

Marchantia, etc.

Leafy liverworts

Anthoceros, etc.

Black mosses

True mosses

Peat mosses

Club mosses

Little club mosses

Quillworts

Horsetails

Adder's tongue ferns

Ferns

Water ferns

Sago palms

Ginkgos

Conifers

Gnetums and ephedras

Angiospermae
Monocotyledoneae (Grasses, lilies, etc.

Dicotyledoneae /Willows, cherries, etc.

•"

t

/v



NAMING OF PLANTS 329

CHLAMYDE^E
nd the Metachlamyde^ <

more or less ioined to form

tubular corolla. Large families may
families or tribes which in some works are given full family rank.

A Hybrid is a cross breed of two varieties or species, rarely of

two genera.

A complete classification of the medicinal plant, Aconite, will

show the principal subordinate groups of one of the divisions.

(See p. 328.)

Botanical Nomenclature

Before Carl von Linne (Linnaeus), the great Swedish natural-

ist, brought forth the binomial system of nomenclature, no

uniformity existed in the assignment of plant names. Among the

some

by single names, others who employed sentences in naming

them, some of which were quite lengthy, and a number who

adhered to the practice of naming them in their own modern

tongue. The result was quite obvious, a number of systems

were employed and confusion prevailed among students.

Specific Name.—According to the binomial system which

has been universally adopted, every plant belongs to a species

which is given two Latin names which together represent its

Specific Name. The first name is the name of the genus or

Generic Name, the second, the name of the species or Specific

Epithet. The generic name corresponds, in the naming of

persons, to the surname or family name, while the specific

epithet is analagous to the given name. Thus, the Wild Cherry

Species is named Prunus serotina, Prunus representing the name

of the genus, serotina the specific epithet or kind of Prunus.

The application of the specific name is determined by the

type specimen, *.*., the specimen or more than one with which

the author of the species worked.

Generic Name.—The name of the genus (pi. genera) is
t

always a noun in the singular number and must not be applied

to more than one genus. Its spelling should begin with a

capital letter. Genera names may be taken from any source
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whatever. Some, like Fagus for the Beech genus, and Acer for

the Maple, are of Latin origin. Others have been latinized

from other languages. Some have been named after some

therapeutic property, their roots, leaves, flowers or seeds were

thought to possess; for example, Jateorhiza, a latinized compound
of two greek words, idretpa, healing, + pifa, root, because of the

healing virtues of the root. A number have had names ascribed

to them because ofsome peculiarity of structure, color, taste, odor,

behavior, habit or appearance of the plant or portion thereof.

Thus, Eriodictyon (from Gr. eptov, wool + 8Lktvov, net) alludes

to its wooly, netted veined leaves; Melaleuca (from Gr. fxeXas,

black, + X€uk6s, white) alludes to the black bark of the trunk and
white bark of the branches; Marrubium (from Hebrew marrob,

bitter) refers to its bitter sap; Barosma (from Gr. fiapvs, heavy

+ 007x17, odor) in allusion to its strong smell; Epifagus (from Gr.

&ri, upon + Lat. Fagus, the beech) alludes to its growth on the

roots of that tree; Impatiens (from Lat. m, not and pattens, endur-

ing) refers to the sudden bursting of the capsules of this genus

when touched; Lycopodium (from Gr. Afocos, a wolf, + irovs, afoot)

pertains to the appearance of the shoots of this genus. Many
have been named in honor of eminent naturalists or "friends of

these, or other noted persons. For example, Collinsonia was
named in honor of Peter Collinson, an English botanist of the

18th century; Dioscorea in honor of Dioscorides, the Greek
naturalist; Paullinia after Paullini, a German botanist of the 17th

century; Cinchona in honor of the countess of Chinchon, who

*

Thomas Jefferson.

Specific Epithet.

j#

most
agree with the names

they belong in case, gender, etc. They may, however, be nouns
and in a few instances consist of two nouns or a noun and an
adjective. If an adjective, it should begin with a small letter,

as in Rhus glabra and Evonymus atropurpureus. This holds if it is

drawn from a geographical name, e.g. Rubus allegheniensis

.

When the specific epithet is a noun, it may either be a proper
noun in the genitive case when it should begin with a capital,

as Garcinia Hanburyi; or it may be a common noun in the geni-

tive, when it should begin with a small letter, as Grinddia ram-
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porum; or the noun may be in apposition to the generic name

and so in the same case, as Cytisus scoparius. Names that had

formerly been used for genera but since reduced to species are

usually capitalized, whether originally proper nouns or not, as

Serpentarta

make ud

In cases where

the nominative case, the second in the genitive, the two names

being connected by a hyphen, as Capsella bursa-pastoris. The

botanical name of the species yielding the drug, Aspidosperma,

(Aspidosperma Quebracho-bianco) will serve as an example of the

names beiner com

adjective. Specific epithets taken from names of persons begin

with a capital. 1

Variety Epithet.—Names of varieties are applied in two

different ways. Either the name of the species is given and

followed by the prefix var. before the varietal epithet, as Cheno-

podium ambrosioides var. anthelminticum; or the varietal epithet

may be appended to the name of the species, as Chenopodium

ambrosioides anthelminticum.

It frequently happens that a botanist is careless in naming a

species and, without ascertaining whether the same name has

been assigned to another species, applies it to his, thus causing

duplication. For example, there have been two distinct species

of plants named Eupatorium laevigatum, one a form of Joe Pye

Weed, the other a species of the American tropics. In this case

name Eupatorium

m
Eupatorium laevigatum by Lamarck or the Joe Pye Weed

named Eupatorium Accord-

name

name In this connection it is customary to abbreviate the

name of the author thus, Lam. for Lamarck, Torr. for Torrey,

L. for Linne, Mill, for Miller, Ait. for Aiton, Loisel. for Loiseleur-

Deslongchamps, or Tourn. for Tournefort.

Whenever a plant is transferred from one genus to another, it

must retain its original specific epithet, unless the genus to which

it is transferred already possesses a species with that epithet, in

1 There is a tendency amongst American botanists to use the small letter in

beginning the spelling of all specific names irrespective of their source.



332 PHARMACEUTICAL BOTANY

which case a new specific name must be given it. Moreover,

the name of the botanist who assigned the original specific

must

name
botanist who later connects it with another genus. For example,

we read as the definition for Purging Cassia in the National

Formulary V—"The dried fruit of Cathartocarpus Fistula (Linne)

Persoon." The significance of the name Linne in parenthesis

is that he had previously given the specific epithet Fistula to

the plant indicated but placed it under a different genus, which
genus happened to be Cassia.

Family Name.—The names of families are designated by the

name of one of their principal genera or ancient generic names
with the ending aceae, e.g., Ranunculacece from Ranunuculus,

Malvacece from Malva. etc. The following names

belliferce, habiatce, and Comp

Order Name.—Orders are

Guttift

name
of one of their principal families, with the ending ales, e.g.,

Rhamnales from Rhamnacece, Rosales from Rosacea. Suborders are

likewise designated, but with the ending—ineae, e.g., Malvinea

from Malvacea may
names

Name.—Names
divisions are designated from one of their characters by words of

Latin or Greek origin, some similarity of form and ending being

given to those that designate groups of the same nature, as Mono-
cotyledoneae, Dicotyledoneae; Archichlamydeae, Metachla-
mydeae; Thallophyta, Spermatophyta; Gymnospermae,
Angiospermae.

In the case of Cryptogams, the use of old family names as

Algae, Fungi, Lichens, Musci, etc. is permissible for designating

groups above the rank of family.

For further details on botanical nomenclature, the student is referred to the

following articles:

International rules of nomenclature revised by the International Botanical
Congress of Cambridge, 1930, 3 ed., Gustav Fisher, Jena, 1935.

An abridged version of The International rules, inaccurate in a few details, was
published as a supplement to volume 72 of the [English] Journal of Botany (1934).

i

1

-



Chapter XVI

THE THALLOPHYTES

The Thallophyta or thallophytes constitute Division I of the

Vegetable Kingdom. As a group they represent the most

simple and most primitive plants. Many of

ime molds

characteristics of both plant and animal

Theto be near the firstforms of life that existed on the earth,

greater number of the members of this division have bodies

consisting of a thallus, a structure undifferentiated into roots,

Under the microscope the thallus shows neither

tracheids nor tracheae. Some of the higher forms possess struc-

illy resembling and functioning like the roots,

stems They reproduce asexually

or asexually and sexually.

Schizophyt

the bacteria and blue-green algae, the Flagellata or flagellates, the

Myxomycetes or slime moulds, the ^ygophycea represented by the

diatoms, pend silks and desmids, the Chlorophycea or green algae,

the Charophyta or stoneworts, the Phaeophycece or brown algae, the

Rhodophyceae or red algae, the Hyphomycetes or fungi and the

Lichens.

The evolutionary or phylogenetic relationship of the above

groups is so incompletely understood that the forms now to be

considered will be discussed under the long established physio-

logical groups of Algae, Fungi and Lichens.

THE ALG^L

The algae (sing, alga) are forms of thallophytes found on land

and in freshjicackish or salt water. The lower forms consi:

most

end to form filaments. The higher forms, however, possess

stems

333
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merely sheets or cylinders of many celled filaments

asmic

chlacophtyii, and so can use the C02 and H 2

same manner
providing for their own nutrition. In addition to chlorophyll,

some contain one or more additional pigments. Asexual repro-

A

B
D

J

F

C

I

K E G
Fig. 243.—Blue-Green Algae. A-C

H
A, single cell in

fission

the left is dividing; C, colony of four granddaughter cells; D, fixed and stained cell

of Rivularia pisum. The net-like central body is the nucleus. X 3000. E, F.,

Oscillatoria princeps. E, terminal portion of a filament

showing a dead cell. X 540. G, as mailer species of Oscillatoria. H-K, Nostoc.
H, portion of filament; k, heterocyst; I, portion of a filament with spores (sp);

germi
after Strasburger; D, after Haupt; H, I, J, K, after Bornet.)

X 650. {A to C,

accomplished by motile or non-motile
on occurs in all but the simpler forms

may be motile or non-motile female gamete

Sexual

gametes

onium or carpogonmm
female are

Class I.

—

Cyanophyge^. the Blue-green Alce
are sometimes termed

greenpigment phycocy^

They

gment, a combination giving a blue-green aspect to most
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plants of this group. Some of them also possess phycoerythrin, a

red pigment. Their bodies are usually covered with a gelatinous

envelope which may be in layers. In many of them the proto-

plast is differentiated into a peripheral pigment containing region

and a central colorless region. The unicellular forms reproduce

by binary fission while many of the filamentous forms reproduce

by the separation of one or more segments of the filament from

the rest of the body which move away and develop into new
individuals. These segments are called hormogonia. They are

found everywhere in fresh and salt water and also on damp logs,

rocks, bark of trees, stone walls, in the roots of Cycads, etc.

Examples: Oscillatoria, Glceocapsa, Nostoc, Anabana, Rivularia, and

Spirulina.

Glceocapsa. comm
amp flower pots in greenhouses and on damp

forms slimy masses. Under the microscope

mount
plasts and groups of protoplasts, surrounded by concentric

gelatinous envelopes. Each protoplast consists of a protop asmic

mass which contains blue and green pigments. No definitely

organized chromatin in the form

granules is scattered through the protoplasm. The whole is

surrounded by a cell wall which undergoes mucilaginous modi-

fication producing thus the soft gelatinous envelopes which

encircle parent-, daughter-, grand-daughter- and even

great-grand-daughter-cells.

Oscillatoria.—Oscillatoria is a blue-green, filamentous

organism found abundantly on the surface of the mud of drains

and ditches as well as in ponds where the water is foul. The

filament is slender and composed of compactly arranged disc-

shaped cells which are all alike, excepting the terminal ones

which appear rounded off. Each filament is surrounded by a

gelatinous sheath. The filaments tend to be agglomerated in

thick felts or gelatinous masses and each possesses peculiar

forward creeping movements. At the time

reproduction the filament breaks up transversely into short

segments or hormogonia each of which, by fission occurring

among its cells, grows into a new filament.
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Nostog.—Nostoc occurs on the

streams

amp ground bordering

from When
masses is dissected and examined microsc

mbedded in a gelatinous matrix, numerous
filaments, com of spherical or elliptical cells

loosely attached to each other in chain-like fashion. Most

A

H

B D E F
Fig. 244.—Blue-Green Algae. A, Anabana aZolU; B, Anabana inequalis; C,

D-G
Merismopedia . {A,

C, from Campbell's "University Text-Book of Botany." By permission of The
Macmillan 5>

West

1

Prantl

green

asm whichintervals larger cells, often devoid of protop
termed heterocysts. Frequently the filaments break apart

are

on

filament

segments

Class II.

—

Chlorophyce^:, the Green Algje

Green algae are unicellular (sometimes motile), filamentous,
colonial, or sheet-like water plants characterized by the presence
of solitary, or numerous chloroplasts in the cells which compose

>
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the thallus. These chloroplasts vary considerably in form beinp-
some

mostpkin ring, and inj

green algae are pyrenoids, which consist of a central crystalline por-
tion of protein (aleurone-like) surrounded by a starchy envelope
of variable magnitude. These are called starch centers and the
starch is frequently in the form of rounded, or angular grains.

The nutrition of these algae is autotrophic. There is a defi-

nite nucleus present, but in the coenocytic forms the nuclei
may be many motile
cells have two (except in Oedogoniacea and by fusion in the
Vaucheriacea) to many cilia, as likewise some of the reproductive
cells. No cilia occur in the ronii urate nlape R enrnrlnation is by

formation of zoospores (motile

mos

spores produced by conjugation, by egg cell and sperm
(oospores) oogamous reproduction. Green <

fresh water. Some live in sea water and a few

Some are associated with fungi to form lichen

1. Order Protocogales or One-cellei
This order contains nearly all of the one-celled green alga
excepting the diatoms and desmids. It also contains a variety

of many celled forms, the cells of which are devoid of cilia.

Family Pleurococgace^e.—Pleurococcus vulgaris [Fig. 245 (2)]

is a one-celled green alga, millions of which, living together in

colonial fashion, constitute the so-called "green stain
55

that is

common on the north sides of tree trunks, stone walls and fence*

,

organism

of cellulose. e protoplast contains a chromatophoi

more chromatophores), cytoplasm

Reproduction takes place by the protoplast dividing into two
equal parts and laying down a cell wall forming two daughter-

protoplasts. These may again divide to form four granddaugh-

ter-protoplasts. may
great-granddaughter-protoplasts are formed

forming

comprises free-swim2. Order Volvocales.—This order

ming aquatic forms whose vegetative cells are bi-ciliated, green,

more or less spherical or compressed. Some of the organisms
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like Sphcerella [Fig. 245 (3)] and Chlamydomonas consist of single

cells bearing a pair of cilia, while others like Pandorina, Eudorina

Fig. 245.—Various types of Green Algas. Ulothrix (1); Pleurococcus (2); Sphcerella

(3); Cosmarium (4); Rhaphidium (5); Vauckeria (6); Rhizoclonium (7); Hydrodictyon (8);

Oedogonium (9); Botrydium (10); ^ygntma (11); Draparnaldia (12); ^ygnema during

conjugation (13).

and Volvox show varying degrees of colony formation

duction sexual or asexual.

Repro
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The organisms of this order are sometimes classified

with the Flagellates, a group having characteristics partly like

plants and partly like animals and represented by Euglena and

many other unicellular, aquatic forms possessing flagella or

cilia.

• Volvox globator, a typical representative of this order, is found

in fresh water pools as a tiny, hollow, spherical, green colony

X

diameter. When examined

microscope (rig. 24c

:n, more or less sph

miasm (DrotoDlasmic

by a gelatinous sheath. The peripheral cells are provided with

cilia, in order that the colony may rotate and roll through the

water. In a young colony, all of the cells are alike, each con-

sisting of a mucilaginous-like cell-wall enclosing cytoplasm, a

nucleus, a chloroplastid and often a red pigment spot. In a

mature colony, however, throughout the greater part of its

existence, two kinds of cells may be discerned: small, sterile,

vegetative cells that do not divide and from 10 to 12 larger

vecrptativp nnps that divide to form new colonies. The latter

smaller

form a number

asmic threads, which in reality is a miniature colony. This

through

nous wall of the old colony.

autumn
some to form sperm

cells. When about three times the size of the ordinary sterile

cells, the sperm cells divide repeatedly to form a cluster of

elongated secondary cells [Fig. 246 (la, a 1 and 5)] each of which

contains an orange pigment, a red corpuscle, has an elongated

beak and bears a pair of flagella (lash-like processes). The

cluster in time separates into motile antherozoids [Fig. 246

(6, 7)] which finally escape into the cavity of the volvox sphere

through rupture of the investing wall. The flask-shaped egg cells

(\b, b) increase greatly in size without dividing. Each shows

vacuoles, then becomes filled with a dark green pigment, becomes

spherical and acquires a gelatinous envelope. It then passes
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b
-b>

r

Fig. 246.

—

Volvox globator. Mature colony in center (1); sexual cells {2a);

endochrome of primary cell has resolved itself into a cluster of secondary cells

(ltf, a 2 and 5); antherozoids (6, 7); bundle separated into component antherozoids

in cavity of primary cell (la 3
); breaking of wall of primary cell showing escape

of antherozoids into cavity of volvox sphere (la 4
); egg cells (1£, b); flask shaped

germ (egg) cells with large vacuoles in protoplasm (1£ 2
, b 2

); globular egg cells

prepared to pass into cavity of volvox sphere (b z
); antherozoids collected about

egg cell (3); oospore (4). (Carpenter.)
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antherozoids (3) and is finally fertilized.

numerous

*
becomes covered with an internal smooth membrane

a thicker external spinose coat. chlorophyll

make
their appearance. Up to 40 of these oospores have been
observed in a single volvox sphere. Not long after the formation

of these oospores the whole parent colony breaks up and the

bottom

germinates to form

volvox colony, which repeats the life cycle described.

Fig. 247.

—

Vaucheria terrestris, a siphon alga, anth, antheridium (empty); o, oogonia

(Gager.)

3. Order Gonfervales.—In this order are included a

variety of green filamentous and membranous forms some of

which show sexual reproduction.

Family Ulothricace^.—Ulothrix zonata, [Fig. 245 (1)] a

typical representative of this family, is a filamentous organism

found growing on stones around ponds, on rocks along the shores

of lakes, in slow-moving streams, etc. Each filament is

unbranched and consists of a row of short cells; one of the

terminal cells, called the rhizoid cell is elongated and serves

as an attachment structure. Each cell consists of a cell wall

of cellulose enclosing cytoplasm, a nucleus and a wide, band-

shaped, green chromatophore, more or less cylindrical in shape.

The chromatophore (chloroplast) lies next to the cell wall and

contains pyrenoids or starch-forming centers. The filament



342 PHARMACEUTICAL BOTANY

grows in length by the fission of its various component cells.

After attaining a certain size it reproduces either asexually

or sexually. Asexual reproduction takes place by certain cells

becoming altered in their protoplasmic contents, through divi-

sion, to form rounded or pear-shaped zoospores. Each zoospore

contains a red pigment spot and bears four cilia (protoplasmic

outgrowths). The zoospores escape into the water by lateral

openings them. Thev swim
rapidly about, propelled by their cilia, and ere long attach
themselves to various objects and grow into Ulothrix filaments.

The sexual method of reproduction is effected through the produc-
tion of many gametes, in cells of the filament. These resemble
the zoospores in shape but differ from them in being smaller
and possessing but two cilia. These escape into the water
and, after swimming about for a short time come together
in pairs and fuse with one another. The product of the fusion of
each pair of these like gametes is termed a zygospore. The zygo-
spore swims about but finally comes to rest, remaining quiescent
for a considerable length of time. It then enlarges and its

protoplasmic content divides to form several zoospores which,
escaping from the cell, swim about for a while and finally,

attaching themselves to objects, grow into filamentous Ulothrix
organisms

Ulva lactuca CFam
Ulvacea), a membranous, leaf-like form found attached
along the shores exposed to the action of the waves.

4. Order Conjugales.

and pond scums which are distinguished from
desmi

motile No
spores are, therefore, produced by members of this order. They
are all of fresh-water habit and reproduce by conjugation.

Family Desmidace*:.—The desmid family includes a number
of genera of unicellular as well as filamentous green plants that
present a variety of shapes. Each unicellular desmid [see

com
from

called the isthmus.

ing pyrenoids. Th
chromatophore contain-

isthmus. Reproduc-
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accom
conjugation.

Family Zygnemace^e. family of pond scums

13)].

Spirogyra and Zygnema

—zjtf-sp.

a

•

Fig. 248.

of scalariform conjugat

formed

Spirogyra sp. A, terminal portion of vegetative filament; B, stages

conjugation; C, preparation for lateral conjugation; D, zygospores

ral conjugation. (Gager.)

Spirogyra or Brooksilk is a filamentous organism found sus-

pended or floating in masses in quiet water. Each filament,

when examined microscopically, will be found to consist of more
or less elongated cylindrical cells arranged end to end, the ter-

minal cells having rounded extremities. Each cell has a cell wall
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film of ectopl

One or more spirally shaped chromatophores will be se

within this area. Each chromatophore contains

number oipyrenoids

found

.

chlorophyll

In the center of the cell the nucleus is

;oDlasm hold it in place and run out

asm

Under favorable circumstances the cells of Spirogyra increase

rather rapidly in length. Abnormally long cells are not seen,

however, because the elongating cells speedily divide, forming

two daughter-cells. Under the best of conditions, division may

Fig. 249.

—

Spirogyra longata. Portion of a monoecious filament showing two

adjacent cells in the early stages of conjugation. This type of conjugation is

called lateral. Ladder-like or scalariform conjugation of dioecious filaments is shown

in figure 248. Note the pulsating or contractile vacuoles. {From Gager, after

Lloyd.)

occur every night. In this way the filaments are rapidly made
longer. Sooner or later they break and in this way the plant

multiplies.

Spirogyra has also a process of sexual reproduction known as

conjugation. This process occurs normally from March to

June and July, but can be induced in the laboratory by allowing

the water in the vessel in which it is growing to slowly evaporate.

Two filaments arrange themselves side by side, and the cells lying

opposite each other undergo internal changes so as to form gametes

or sexual cells. Each gamete-containing cell is called a game-

tangium. Each gametangium protrudes a process or lateral

branch. The tips of these fuse upon meeting each other and

form a conjugation tube or connecting tube. Then the protoplast

(gamete) of one cell passes over and coalesces with that in the cell
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opposite. The result of the process is a new cell called a zygospore

or zygote. This method is called scalarijorm conjugation. The
zygospore forms a thick cell wall about itself. It is set free by
decay of the walls of the old cell and falls to the bottom of the

Fig. 250.— Vaucheria sessilis. Terminal

appearance

filament. B, Same, after escape of zoospore (£). C, A portion of

the margin of the zoospore. plant

rhizoids (r). (From Strasburger, Noll, Schenk and Schimper; A, B
y Z, afl^ Gotz; D,

after Sachsfrom Altmanrts Alga; C, after Strasburger.)

water, there to undergo a resting stage until favorable conditions

for growth arise.

Professor F. E. Lloyd has shown that in Spirogyra longata, con-

jugation takes place between adjacent cells of the same filament.
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This second type of conjugation is called lateral conjugation.

In this case a protrusion of the cell wall of the filament occurs

opposite the partition wall of adjacent gametes forming a

channel of communication between the gametes. Pulsating or

contractile vacuoles, such as have been described in Amoeba
appear in the protoplast and upon contraction propel the gamete

in one cell cavity {supplying gamete) over into the cell cavity of the

other gamete {receiving gamete). The fusion of these gametes

results in the formation of a zygospore.

5. Order Siphonales (Siphon Alg^e).—This group is char-

acterized by the peculiarity that the organisms constituting it

possess protoplasm containing myriads of nuclei within a common
filament or cell cavity not segmented by cell walls. The term

coenocyte has been given to such structures which consist of a many-
nucleated mass of protoplasm surrounded by a cell wall. Some
of the siphon algae reproduce by zoospore formation, others by

conjugation as well as zoospore formation while Vaucheria, the

"green felt,
55
stands out alone in reproducing both by the forma-

tion of a single compound zoospore and by the production also of

obgonia and antheridia with resultant fertilization (see Figs. 245

(6) and 247).

The various species of Vaucheria occur in water or moist soil

where they form dense mats of tubular filaments. Each filament

is unicellular until the time of reproduction, containing cytoplasm

in which are imbedded thousands of nuclei as well as numerous

chloroplasts devoid of pyrenoids, and small drops of oil. At the

time of asexual reproduction a transverse wall is laid down near

the tip of the filament cutting off a terminal cell or zoosporangium

in which a many ciliated compound zoospore is formed. This

escapes by a break in the end of the sporangium, swims about for

a brief time and then germinates, sending out one or more

Vaucheria filaments. In some species a colorless simple or

branched rhizoidal cell or organ of attachment is developed by

the filament where it contacts a solid substance.

6. Order Charales (The Stoneworts).—Family Char-
AGEiE.-—The highest group of green algae, possessing forms which

are differentiated into stem-like and leaf-like structures and

rhizoids. Examples: Chara and Nitella.
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hara, a type of this family, is a submerj

h fastens itself to the muddy bottom c

streams bv means of slender filaments Its

many noded
(j

astem35 green

\„ Apical Cell

Dwarf Branch-

es Dwarf
' Branch

£3 Nodes

- Internode

v -Cortex

~ - - Internodal Cell

A C

Fig. 251.—Otora /rag****. Habit and structure of certain vegetative parts.

4, portion of plant showing long branches {a), dwarf branches (6), and rhizoids.

fi, longitudinal section through growing tip

internodal cell and surrounding cortex. (From Mottier

nternode

sometimes

the main

dwarf

The nodes of

these produce short abortive "leaves." amentous

arise from the lower nc

from the axils of some

Long branches are also found issuing

mam Reproduction is either
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asexual or sexual. Asexual

means of tuber-like bodies

special branches which form
later become separated from t

tion is effected through the

organs) and antheridia (male s

accom
submerged

by

formation

Sexual reproduc-

(female

some
same In

£

all cases the sexual organs are

produced at the nodes of dwarf
branches. oogonium
borne above the spherical anther-

The oogonium developsmm
within itself a large ovum or egg.

mm
its wall numerous motile sperms.

Upon the maturation of the an-

theridium the sperms are liberated
into the water, and, propelled by
their' cilia, find their way to the

Fig. 252.—,4, Portion of the axis of
oogonia which they enter, the one

Charajragilis, a stonewort. s. Oogoni- best adapted fusing with the egg
in each case and fertilizing it.

The resultant cell is called the
a. Antheridium. b

Abortive "leaves."

organ)

BInternode.

B\ B". Sterile

"leaves." c. Crown ofoogonium. B. oospore or zygote. The zygote
Young stage of the same. br. Corti- undergoes a resting stage within
cal cell,

nium.

Antherid
The{From Small, after Salt?

* ' the 00gOnmm
with the enclosed zygote falls from

oogonium

The zygote later

ara plant. The

the plant and sinks to the bottom of the water,

germinates as a proembryo or juvenile form of CI

proembryo consists of a small shoot of two n
rhizoid. From the upper node of this proembryo, the adult form

from
formed

Class III.

—

Bacillarie^: or Diatoms

This class comprises several thousand species of unicellular
plants called Diatoms which are found in fresh, brackish and salt
water, forming much of the diet small animals. While
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um They all

chromatophores containing chlorophyll

pigment is often obscured by the presence also of a brown

ment

The most striking peculiarity of the group is the structure of

the enclosing cell wall. This is in the form of a siliceous case

consisting of two valves which fit into each other like the halves of

A
Nodule

i'll *"

Raphe
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-*>•-
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Fig. 253._ —Two views of the diatom Pinnularia. A, valve view; B, girdle view,

showing "cell contents. {After StrasburgeSs Text Book of Botany, Macmillan Co.

publishers?)

a pill box. The valves, which are beautifully sculptured with

similar

large

Diatoms vary in form

homboidal, triangula

fan-shaped, etc. Some are

are held in gelatinous masses Their siliceous skeleta

are deposited constantly on the floor of ponds, rivers, lakes and
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seas form Diatomaceous
or Kieselguhrs (Siliceous Earths). Huge geological deposits

of this material have been found in various parts of the world.
One of the most remarkable for extent as well as for the number

beauty of the species contained in it is that at Richmond,
many places 24 to 40 feet in depth and extends

many miles. Another deposit at Lompoo, California, is

claimed to cover an area of 1 7.

Virg

square miles with an average

depth of over 1 00 feet. Many
of the diatomaceous earths are

useful as absorbent and polish-

ing powders.

Terra Silicea Purificata (Puri-

fied Siliceous Earth) is a powder
consisting of the frustules and
fragments of diatoms which has

been purified by boiling with

diluted hydrochloric acid,

washed and calcined.

Many diatoms exhibit a

Fig. 254. Diatoms
motion This

To left, Diatoma vulgar e, a, side view of IS Stated to be Caused by the.
frustule; b, frustule undergoing division, streaming movement of their
To right, Grammatophora serpentina: a, r*rtor,

and
asm

b, b, front and end views of divided modes
frustule; c

9
frustule about to undergo of reproduction, viz., fission

division; d, frustule completely divided.

(After Carpenter.)
formation of an auxosp

more common methoc
that offission but this is peculiar for these plants. The cell-contents

masses
valves separate slightly from eacl

masses become more and more
more

As the two daughter-

>d, the valves of the

rt Each of the two
masses

original valve. When the process is com
parent-diatom separates and the two <

become
daughter-diatoms thus

Each of these possesses one of the
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parent valves and a second, which it has formed itself, more or

less parallel to the first.
*

In a number of species, repeated fission results in the forma-

tion of succeedingly smaller and weaker individuals. This

process, however, goes on only for a certain number of genera-

tions until the decrease of size has reached a limit for the species,

when the plant is rejuvenated by the formation of an auxospore.

This may be formed with or

without the conjugation of two

parent-protoplasts. In either

case the auxospore resulting

undergoes a resting stage after

which it develops new valves.

The newly formed diatom is

then several times the size of the

individual or individuals which

contributed to its formation and

is endowed with renewed vigor

for growth and division.

Class IV.

—

Ph^ophyce^:,

the Brown Algje

Mostly marine forms i

form Fig. 255.

—

Licmophora flabellata^ a dia-

of their vegetative bodies, torn with wedge-shaped frustules borne on

rn, r .1 , . the ends of stalks, producing a fan-like
They occur for the most part 7ZSnJZ~IZ\7 *

n
arrangement. [After Carpenter.)

in salt water between the high

and marks. Some them are subme

some

means of a holdfast, and arc often highly

form ome reach a hundred leet or more

example, Macrocyst

Ocean off the coasl They all contain the

brown pigment called phycophoein orfucoxanthin and the green pig

ments, chlorophyll, both of which are present in their chromato

phores. A yellowish

from some

pigment called phycoxa

the species. Many of
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weeds belonging to this class have long been sources of iodine,

sodium

;, viz., the Phceosporales,

Types of three of theseLaminariales, Dictyotales and the Fucales.

will be considered.

A Filamentous Brown Alga, Ectogarpus Siligulosus.—
Ectocarpus, a representative of the Order Phaosporales, occurs as

Fig. 256. wocera and

(Melosira)

e, Gompkonema gracile: f, Cocconema fusidium; g, Tabellaria vulgaris; h, Pinnularia dacty-

lus; t, Pinnularia nobilis; k, Surirella caledonica; I, Synedra ulna, {After Carpenter.)

tufts of branching filaments, each of which is many celled. These

tufts are found on eelgrass or other algae as well as attached to

pilings of wharves in salt water. It is a striking illustration of the

simplest form of brown algae and serves to show the beginning of

a more complex form of reproduction than that observed in the

forms studied up to this time. On examination of a filament we

find it to consist of many cells joined end to end. A single cell

has a cell wall of cellulose. Just within the cell wall there is a

layer of protoplasm. Going toward the center we find an irreg-

ular chromatophore containing a brown pigment called phyco*

phmn. From certain cells of the filament spherical to elliptical
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sporangia (spore cases) arise, which are unicellular. They con-

tain numerous biciliate zoospores^ which escape into the sea water,

move about and later develop into new Ectocarpus plants. Along

the filaments several branches will be seen. Some of these have

undergone division into several cells and these again into still

smaller cells until many-celled chambers have resulted, which are

called plurilocular gametangia. Each cell of a plurilocular

2

Fig. 257.

—

Ectocarpus siliculosus, a filamentous brown alga. A. Unicellular

sporangia, one containing zoospores, the other empty; z9
a zoospore. B. Pluri-

locular gameangia, the larger mature, the smaller still showing the outlines of the

original cells in the branch from which it arose. form

the zygospore.

—

C, after Oltmanns. (From Bergen and Davis Principles oj Botany.)

gametangium contains a gamete or sexual cell, which resembles

When the gametangium matures

into the salt water. They fuse

many
gametes

form zygosp res. Each zygospore under-

goes a resting stage and upon the advent of favorable conditions

Ectocarpus filament

Kelps Laminartales)

largest living representatives of the Algae. They are represented



354 PHARMACEUTICAL BOTANY

by the Devil's Aprons or Laminaria and the Sea Palms {Postelsia)

which grow on rocks along the North Atlantic coast and by the

giant kelps Macrocystis (Fig. 258) and Nereocystis (Sea Otter's

Cabbage) found along the Pacific coast of the United States.

Laminaria digitata is an abundant kelp off the coast of New
England where it grows attached to rocks by a holdfast consisting

of a whorl of rootlet-like structures. From this arises a solid

cylindrical stipe bearing on its end an oval or lance-shaped

Fig. 258. giant

Bur. Soils.)

{From U.S.D.A

blade, the latter becoming split into finger-like segments at its

summit. Postelsia or the Sea Palm has a holdfast of several
i

whorls of stubby rootlet-like structures and a rigid stipe about a

foot in length, the latter terminating in a number of lanceolate

blades.

Because of their rich content of potassium salts, the kelps are

used extensively as fertilizer. They also contain a fair amount of

iodine and represent one of the chief sources of this drug.

The Rockweeds.—To this group (Order Fucales) belong the

brown seaweeds which cover many of the rocks along our North
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mu
floats or bladder-like structures con-

taining carbon dioxide and oxygen

which aid in buoying up the plants

in the salt water when submerged.

Common forms occurring along the

They all possess

Americ

Fucus, Ascophyllum and Sargassum.

named
Weed

gulfstream Large

numbers of these plants often ac-

cumulate in quieter areas of the

form
cc
Sargasso Sea."

Vesiculosus

Wr form

alga, occurs as a flat thallus, which

forks repeatedly, a type of branching

called dichotomous. It grows near

the surface of sea water, attached to

rocks or to mussels along banks by

means of a basal, disc-shaped holdfast.

In the upper branches of the thallus

which

more
pairs. The tips of old branches

become swollen and are termed

receptacles. They are dotted over

minute
summit

Fig. 259.—Kelps from the

North Atlantic. A, The simple

type of Laminaria, some of whose

into an enclosed cavity within the ?«?£"? **£&TZfeet long. B, The digitate type

receptacle. This cavity is called
(Laminaria digitata) which is never

tptacle Within

of the male

male

very long, but is broad at the base.

(From Bergen and Davis Principles

of Botany.)

are formed while in the conceptacles offemale plants the oogonia or

female sexual organs, are produced. The conceptacles also con-
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numerous, branching, protective filaments called parapfiyses,

the cells linini? the cavities. The antheridia arefrom

some

Vegetative Branch

-Fruiting Branch

~ -Epidermis

Apical Cell

Vesicles

_ -Conceptacle

Holdfast

A

Fig. 260.

—

Fucus vesiculosus. A, portion of plant showing habit. B, diagram

of cross section of thallus; r, outer rind; m, loose inner pith or medulla. C, cross

section of a fruiting receptacle. D, longitudinal section of a growing point taken

at right angles to the flat surface, showing the pit at the bottom of which is the

apical cell. {A, B
y
C, after Mottier; D

y
from King's chart.)

rperms or male The oogonium is a large, globular,

femal

sexual cell. sperms

myriads of sperms One

sperm
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T

that of the egg to form an oospore. The oospore at once develops

into a new Fucus plant.

The drug Fucus consists of the dried" thallus of Fucus vesiculosus,

Fucus serratus
y

Ascophyllum nodosum or Halidrys siliquosa (Fam.

Fucacece). Fucus has been used in the treat-

ment of obesity and goiter.

Glass V.

—

Rhodophyge^:, the Red Alg^e

A greatly diversified group comprising the

majority of marine algae but represented also

by some fresh-water forms of which Batracho-

spermum and Lemanea are examples. Th<

red algce are generally found at or just beyond «**« *****-
° ° '

cle cut transversely.

cy
conceptacle, T

y

cellular thickness.

(Magnified.) (After

Thuret. )

marine Fig. 26 1 .

—

Fucus

)w water mark. Their vegetative bodies

from simple branching filaments through

adations to forms differentiated into hold-

and branching- stem- and leaf-like struc-

tures. It has been observed tha

comoosed of numerous filaments

many

and connected intimately by protoplasmi

superficially resemble domain

may
green most of them

phycoerythrin, a red pigment, which is found in the chromatophores

with, but frequently masking, the chlorophyll. Phycocyanin, a

pigment occurs in the chromatophores of some

In most them several chromatoph

small formed

but rather another carbohydrate staining red with iodine.

Reproduction is asexual by spores or sexual by spermatia

sperms gametes

are devoid of cilia.

Sub-glass Floride^ —To this group belong plants which

consist of branching filaments or filaments close

intercellular substance and plasmodesma into mou

branched, cylindrical or ribbon like thalli. Some of them

com
chlorenchymatous
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tive tissue. Several roi

in each cell.

Reproduction may
mentation and bv budr

chromatoph

accom vegetatively by frag-

comm
means of tetraspores which are formed in tetrasporangit

ur on the ends of lateral filaments or in subepidermal

OS

r
-

-

L

Fig. 262.

—

Fucus vesiculosus. Transverse section through outer region of a portion

an
adjacent tissues. X 50. an, antheridium; os, ostium or opening of conceptacle
through which paraphyses are seen protruding; par,- paraphyses protruding from
another conceptacle, the latter concealed by surrounding tissue; b, compact pseudo-
parenchyma; ps, loose pseudoparenchyma with mucilaginous cells*

Lai reproduction is by union of the nuclei of spermatid a
female sexual organ is called a carpogonium, the male

organ an antheridium. carpogonium
ovum and a terminal filament

in a hair-like portion called the trichogyne. The contents of each
mature antheridium as it emerges from the organ is termed a

de cell. The sper-
tpermatium motile m
matia cling to the tnchogyne and the nucleus of a spermatium
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ovum
tion is effected. lc zygote forms filaments callec

rpospores or fruits called cystocarp

tain carpospores.

Chondrus crisp am Gigartinacea)

official

P
£*r

ri

Fig. 263.—Fucus vesiculous. Transverse section through the outer region of a

portion of the receptacle of a female plant showing an oogonial conceptacle and

adjacent tissues. X 50. o, oogonium within a conceptacle; p, paraphyses; ep,

epidermis; co, cortex; ps, pseudoparenchyma of irregular cells having mucilaginous.

walls.

m

Irish Moss or Carragheen. Both are purplish-red in color.

Each consists of a dichotomously branched thallus the lower

portion of which is differentiated as a stipe or stalk; the basal

portion of which, called the holdfast, clings to the rock. The

upper part is several times forked and its terminal segments

appear notched or bilobed. Scattered here and there over the

segments of the thallus will be noted sp

mature, contain tetrasp sb

A
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elliptical and embedded in the thallus near its surface, whereas in

Gigartina they are ovate and borne on minute stalks which

Fig. 264.

—

Fucus vesiculosus. Fertilization. A^ egg approached by biciliated

sperms

Lgnified). {After Tkuret.)

from the surface of the segments Upon
ripening of these structures the spores are discharged into the sea

Fig. 265.

—

Chondrus crispus. {After Strasburger .)

erminate
organisms

X
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mucilaerinous substance extracted from

am
related red algae growing in the sea along the eastern coast of

Asia and along the coast of California constitutes the drug, Agar.

Fig. 266.—GigarUna mamillosa. s, fruiting body consisting of short projection

bearing tiny sporangia. (After Strasburger.)

most valuable ingredient in culture med

laxative.

Rhodymeniapalmata or Irish Dulse is a purplish-red, flat, mem-

branous, palmately cleft or dichotomous red alga growing on the

tissues of other algae along northern shores of the Atlantic between

the low- and hieh-tide marks.



Chapter XVII

THE FUNGI
-

The fungi or hyphomycetes constitute a great assemblage of

thallophytes which are characterized by the total absence_of
chlorophyll. The members of this subdivision, therefore,

-possess no independent power of manufacturing food materials

such as starches, sugars, etc. from C0 2 and H 20. Conse-
quently they are either parasites, depending for their nourishment
upon other living plants or animals, called hosts; or saprophytes,

depending upon decaying animal or vegetable matter in solution.

Some forms are able to live either as saprophytes or parasites

while others are restricted to either the parasitic or sapro-
phytic habit. Some of the fungi like the bacteria and the yeasts
are unicellular while others like the molds and mildews, etc.

hypha) which

form of thread-like filaments called hyph

tangled hyphae is called a mycelium

.

multicellula

mass

may
ram

decaying matter or invade the tissues of living organisms and
derive nourishment therefrom. In the cases of parasitic fungi
like the rusts, etc., absorbing connections are present as hyphal
outgrowths which penetrate into the cells of the host plant.
These are called haustoria. In the higher forms the hyphae
become consolidated into false tissues, and assume definite
shapes according to the species. Of this character
fruiti

are the

parts of Puff Balls, Cup Fungi, Bract Fungi, Mushrooms
etc.

ire three classes of fungi, viz.:

Schizomycetes (bacteria)

[ Myxomycetes (slime moulds)
:
I Eumycetes (true fungi)

362
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Class I.

—

Sghizomycetes (Bacteria)

The bacteria
i

schizomyce

systematists

plant life extant. Among them are to be found the smallest

anisms

minute

anisms destitute of chlorophyll

fermentation

em The curing of certain

Chlorophyll-
bearing
plants

Animals

Hon-
chlorophyll
bearing
plants

Disintegration
by saprophytes
& parasites

Inorganic
matter

(Chemical
elements and
compounds)

Fig. 267.—The organic cycle. (After Gager.)

manufacture

vinegar, buttermilk, cheese and indigo, the m
some

fermentative

bacteria. form varies from

to filamentous, the filamentous

by a capsule or sheath.

The bodies of most bacte

asma membranes, although hemicellulose

e walls of many and mucilage occurs as a
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gelatinous sheath surrounding the primary wall in some forms.

Cytoplasm occurs within the cell as well as chromatin, but the

latter is usually diffused in fine particles through the cell proto-

plasm and never has been demonstrated to be condensed into a

definitely organized body called a nucleus. A common method
of asexual reproduction is possessed by these plants whereby the

cell cleaves or splits into two parts, each of which becomes a

separate and independent organism. Sexual reproduction has

not been conclusively proven, although suspected by some
investigators. Bacteria occur everywhere but are relatively few
on high mountain peaks and beneath 3 meters of natural soil.

They have even been found in the hot geyser springs where no
other form of life can exist (Thermophilic bacteria)

.

According to the various phenomena they produce, they may
be classified as follows: (a) Zymogens producing fermentation; (b)

Aerogens producing gas; (c) Photogens producing light; (d) Chromo-
gens producing color; (e) Saprogens, producing putrefaction; (/)
Pathogens, producing disease; (g) Thermogens, producing heat.

Fermentation, Decay and Putrefaction.—Fermentation is

the process which consists of the breaking down of organic sub-
stances through the action of enzymes produced by living organ-

The organic substances fermented are various, including
carbohydrates, proteins and fats. Decay is the fermentation of

proteins in the presence of oxygen. Putrefaction, although
frequently used in the sense of the decomposition of proteins, is

more properly applied to the anaerobic fermentation of proteins,
many of the products of which possess an offensive odor.

I

isms

When
carbohydrates undergo fermentation, the products are useful.
Bacteria cause considerable spoilage of foods and drugs owing to
their power of producing enzymes.

Bacterial Cultures.—Because of their minute size (a

may hold eight billion of them
commences

^ituica, cam iuiiu possessing cnaractenstics by which they may
be distinguished and differentiated. These cultures are obtained
by growing the microorganisms on sterile artificial culture media
usually in an incubator, the temperature of which is carefully
regulated to suit the requirements of the organisms grown. The

i
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culture media employed are both solid and liquid. Beef broth

or nutrient bouillon forms the basis of most of the culture media.

To this either agar agar or gelatin are added to solidify the

medium (solid media) and various chemical substances and

sugars for the purpose of studying the physiological character-

istics of the various forms. Formulas for the preparation of

various culture media and directions for the isolation of bacteria

will be found in the National Formulary VI and in works of

bacteriology and mycology.

Forms of Bacteria.—Bacteria occur as spheres, straight

rods or cork-screw like (bent rods) forms (lower bacteria) or as

filaments (higher bacteria). The spherical shaped form is

>« <i

Fig. 268. Fig. 269.
*

Fig. 268.—Monotrichous bacteria. Microspira comma. {After Migula from

Schmidt and Weiss and Marshall.)

Fig. 269.—Lophotrichous bacteria. Pseudomonas syncyanea. {After Migula

from Marshall.)

termed a micrococcus or coccus (jAxxxal-micrococci or cocci). The

form The cork-

;w shaped form is known as a spirillum (plural-spirilla).

Motility.—A large number of bacteria possess the pc

ependent movement when observed in a fluid medium

permit of their locomotion. This true movement she

from the so-called "Browman moi

phenomenon shown by minute

55
a quivering

when freely suspended in a suitable fluid. True movement is

due to the activity of the living cell, whereas Brownian movement

is a purely physical phenomenon due to the bombardment of

particles, dead bacteria or non-motile bacteria, by the molecules

of the menstruum. In true movement the individual form moves

from one part of the microscopic field to another, whereas in
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movement the individual forms

relative positions to any extent.

The Dower of locomotion wl

forms of fine protoplasmic

from their bodies which are thought to pass from the cytoplasm

through the cell wall into the surrounding liquid medium.

These are called flagella or cilia. They are endowed with the

power of contractility, and through their vibratory motion the

organism is enabled to propel itself through the fluid medium.
The great majority of bacteria possessing flagella are the bacilli

and spirilla. These flagella are rarely seen without special

methods of treatment and staining.

Fig. 270. Fig. 271.

Fig. 270.—Lophotrichous bacteria. Spirillum rubrum. {After Migula from
Schmidt and Weiss and Marshall.)

Fig. 271.—Peritrichous bacteria. Eberthella typhi. {Bacillus typhosus.) {After

Migula from Schmidt and Weiss and Marshall.)

The distribution of flagella varies in different forms of

bacteria. Some possess a single flagellum at one pole and are

called monotrichous. When a flagellum occurs at each pole, they

are termed amphitrichous; when a tuft occurs at one pole, lopho-

trichous; and when they occur over the whole cell, as in the case of

the typhoid bacillus, peritrichous.

The motility or non-motility of bacteria is best determined
through the examination of a hanging drop.

Nutrition.—Most bacteria derive their sustenance from
organic substances. Those which obtain theii nourishment from

termed saprophyt

hich obtain their nourishment from living organic material,
arasitic bacteria. A number of the saprophytic forms will

rive both on living and dead organic matter and so are called
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faculative parasites, while many others, like the majority of the

common soil and water bacteria, are restricted to dead organic

matter and so are obligate saprophytes. Most of the parasitic

bacteria are faculative saprophytes, since they can be grown upon
artificial culture media. The leprosy bacillus is one of the few

examples of parasitic bacteria which has resisted attempts to

grow it upon artificial culture media and so is an obligate parasite.

Nitrification.—There occur a group of soil bacteria called /^^

nitrifying bacteria which thrive in the presence of simple inorganic

salts and in the entire absence of organic matter. Some of these

{Nitrosomonas and Nitrosococcus) oxidize the ammonia of the soil

to nitrous acid while others (Nitrobacter) convert the nitrous acid

to nitric acid. The nitric acids reacts with alkaline soil con-

stituents to form nitrates which pass into solution in the soil

water and are utilized by higher plants in their growth. This

process is called nitrification.

Devitrification.—Denitrification is a process carried on by

denitrifying bacteria including Pseudomonas fluorescens, Ps. pyocyanea,

and the colon and typhoid bacilli. Many of the denitrifying

organisms flourish in "sour" soil, in the absence of air, and obtain

oxygen for their respiration by reducing the nitrates and nitrites

to gaseous oxides of nitrogen or to free nitrogen, liberating the

gas into the atmosphere.

Growth Products.—The products resulting from bacterial
j

growth include pigments, enzymes, acid and alkali, putrefactive

substances, ptomaines and toxins.

Reproduction.—Bacteria multiply and reproduce them-

selves by cleavage or fission. A young individual increases in

size up to the limits of the adult form, when by simple cleavage at

right angles to the long axis, the cell divides into two individuals.

Morphology Due to Cleavage.—According to limitations

imposed by cleavage directors, the spherical forms called micro-

cocci or cocci assume a chain appearance, or a grape cluster-

like appearance, or an arrangement in packets or cubes having

three diameters. These aggregations are the basis for the follow-

ing genera of spherical-shaped bacteria:

Diplococcus (plural, diplococci), occurring in twos, as organisms

producing meningitis, pneumonia and gonorrhea.
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Staphylococcus (plural, staphylococci), from a Greek word refer-

ring to the shape of a bunch of grapes, as the organism producing

golden pus.

Streptococcus (plural, streptococci) from a Greek word meaning

chain-shaped, as the scarlet fever organism.

Sarcina, package-shaped or cubical, as the Sarcina lutea, a

common saprophyte.

Form of Cell Groups after Cleavage.—The individual

may The amount
determines t

forms of the cell groups. Thus, among the cocci, dipl

forms may result giving rise to distinguishing mor

a

O

QO

d

Fig. 272.—Division forms of micrococci. a
y
Diplococcus, perfect form with

flattened opposed surfaces (gonococcus) , lanceolate form {pneumococcus); b
y
strepto-

coccus; c, consecutive fission yielding a tetrad; d, sarcina form resulting from division

of a tetrad; e, staphylococcus. (From Marshall after Novy.)

logical characteristics. Similarly, among the bacilli, character-

istic forms result as single individuals and others which form
chains of various lengths.

Sporulation.—A large number of bacteria possess the power
-

of developing into a resting stage by a process known as sporula-

formation method
resisting unfavorable environment. This is illustrated by the

anthrax bacilli which are readily killed in twenty minutes by a

10 per cent, solution of carbolic acid, and able, when in the spore

same
concentration of 50 per cent. While the vegetative forms
anthrax show little more resistance aeainst moist heat than

form

steam twelve minutes or
more

Whenever the spores are brought into favorable condition for

bacterial growth, as to temperature, moisture and nutrition, they
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return to the vegetative form and then are capable of multiplica-

tion by fission in the ordinary way.

Two kinds of spores occur amongst bacteria, arthrospores and
endospores* Arthrospores represent entire bacterial vegetative

cells which lose some of their water and thicken their walls and

thus become resting cells. Endospores or true spores of bacteria

are formed within the cell. They have the power of resisting a

greater heat than the arthrospores.

Rapidity of Growth and Multiplication.—The rapidity

with which bacteria grow and multiply is dependent upon species

and environment. The rapidity of the growth is surprising.

Under favorable conditions they may elongate and divide every

s
Fig. 273.—Spores and their location in bacterial cells. {Marshall after Frost and

McCampbelL)

twenty or thirty minutes. If they should continue to reproduce

at this rate for twenty-four hours, a single individual would have

1 7 million descendants. If each of these should continue to grow

at the same rate, each would have in twenty-four hours more,

17 million offspring, and then the numbers would develop

beyond conception. However, such multiplication is not

possible under natural or even artificial conditions, both on

material

growth If they did

multiply at this rate, in a few days there would be no room in the

world but for bacteria.

Chemical Composition of Bacteria.—The quantitative

chemical composition of bacteria is subject to wide variations,

HpnpnHmf nr>nn the nutritive material furnished them. About
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80 to 85 per cent, of the bacterial body is water; proteid sub-

stances constitute about 50 to 80 per cent, of the dry residue.

When these are extracted, there remain fats, in some cases wax,

in some bacteria traces of cellulose appear, and the remainder

consists of 1 to 2 per cent. ash.

o-£^a >» i in •»

A
V»

d

6

Fig. 274.—Spore germination, a, direct conversion of a spore into a bacillus

without the shedding of a spore wall (B. leptosporus); b, polar germination of Bad.
anthracis; c, equatorial germination of B. subtilis (hay bacillus); d, same of B.

megaterium; e, same with "horse-shoe" presentation. (From Marshall after Novy.)
m

4

The proteids consist partly of nucleo-proteids, globulins, and
materially from

them from
the exotoxins or bacterial poisons secreted by certain bacteria like

•

%
Y> -&

Fig. 275.—Types of bacilli. (After Williams.)

the tetanus and diphtheria organisms during the process of

growth, also occur.

Morphological Classification of Bacteria*

The Lower Bacteria

The lower bacteria comprise most of the forms which produce
disease and the majority of the forms which are used in the arts

* No strictly morphological system of classification for the bacteria will subserve
the purpose of properly identifying species of this group owing to a deficiency of
structural characteristics for the separation of so many species. For the main
divisions and some of the smaller details, the application of a morphological key
will be sufficient, but cultural tests for their physiological phenomena and staining
reactions are essential in working out the identity of a specific bacterial organism.
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and industries. families

Sp

Ov
%\ ^s

Fig. 276.—Types of spirilla. {After Williams.)

Family L—Coccace^e—Cells in their free condition

becoming but slightly elongated before division.

Cell-division in one, two or three

directions of space.

A. Cells without Flagella.

1 . Division only in one direc-

tion of space forming an aggrega-

tion resembling a cnain oi Deaas

—Streptococcus.

2. Division in two directions

of space forming an aggregation

resembling a cluster of grapes

—

Staphylococcus.

3. Division in three direc-

tions of space forming a package-

shaped or cubical aggregation—

Sarcina.

B. Cells with Flagella.

1

.

Division in two directions

of space

—

Planococcus.

2. Division in three direc-

tions of space

—

Planosarcina.

Family 1 1.—

B

acteriace^e Fig. 277.

—

Crenothrix polyspora, an

iron bacterium, which oxidizes iron

Cells longer than broad, gen-
causing a dep0sit of iron hydroxide to

erallv two to six times, Straight accumulate in water pipes where it may

cause trouble. {After Migula from
gular

y
i

. i j: ; '^ Schmidt and Weiss and Marshall.)

never curved or spiral, division

only at right angles to axis or rod; with or without flagella and

endospores.
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1. Flagella and endospores absent

—

Bacterium.

2. Flagella and endospores present.

(a) Flagella over entire surface

—

Bacillus.

(b) Flagella at one end

—

Pseudomonas.

Family III.

—

Spirillace^:.—Cells curved or spirally bent,

erally motile through polar flagella.

1. Cells stiff, not flexile.

(a) Cells without flagella

—

Spirosoma.

(b) Cells with one, very rarely with two polar flagella

—

Microspira {Vibrio).

(c) Cells with a bundle of polar flagella

—

Spirillum.

The Higher Bacteria

Family IV.—Mycobacteriace^e.—Cells short or long,

ndrical or clavate-cuneate in form, without a sheath surround-
ing the chains of individuals, without endos-
pores, with true dichotomous branching.

A. In cultures possessing the characters of

true bacteria. Growth on solid media
smooth, flat, spreading. Rod with swol-
len ends, or cuneate or clavate forms

—

Corynebacterium.

B. Cultures on solid media raised, folded
or warty. Generally short slender rods,

rarely short branched. Take the tubercle
stain

—

Mycobacterium

.

bacteria (BeggiaZ
FamILY V.—ChLAMYDOBACTERIACE^.—

alba). (After Wino- Thread-like, composed of individual cells, sur-
gradskyfrom Schmidt rounded by a sheath. Simple or with trueo^We.ss and Mar- branching. Ordinarv v«w>t*rtw ™u*i, k„

A4<

division in only one direction of space, i.e.,

at right angles to the longer axis.

A. Cell contents without sulfur granules.
1

.
Filaments unbranched.
(a) Cell-division only in one direction of space.
(b) Cell-division in gonidial formation in three direc-

tions of space—Actinomyces (Streptothrix)

.

Marine forms with cells surrounded by a very
delicate hardly discernible sheath—Phragmidiothrix.
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* *Fresh-water forms with easily discernible sheath

Crenothrix. {Iron bacteria.)

2. Filaments branched.

B. Cell contents with sulfur granules

—

Thiothrix.

Lower
Organism Disease

Alcaligenes melitensis Malta fever

Actinomyces bovis Actinomycosis in cattle

Bacillus anthracis Anthrax

Clostridium chauvei "Blackleg" of cattle

Clostridium tetani Tetanus or Lock-jaw

Clostridium welchii Gas-gangrene

Corynebacterium diphtherias Diphtheria

Diplococcus pneumoniae Lobar pneumonia

Eberthella typhi Typhoid fever

Hemophilus pertussis I Whooping cough

Hemophilus influenzae Influenza

Mycobacterium leprae Leprosy

Mycobacterium tuberculosis Tuberculosis

Neisseria catarrhalis Catarrh

Neisseria intracellulars Cerebrospinal meningitis

Neisseria gonorrhoeas Gonorrhoea

Pasteurella pestis • • •
Bubonic plague

Pfeifferella mallei Glanders

Rickettsia prowazeki * ypnus

Staphylococcus aureus • B<>ils >
abscesses, carbuncles

Streptococcus scarlatinas Scarlet fever

Streptococcus erysipelatis Erysipelas

Salmonella paratyphi Paratyphoid fever (A)

Salmonella schottmulleri Paratyphoid fever (B)

Vibrio comma Cholera

(Spirochaetales, intermediate forms between bacteria and protozoa)

Borrelia recurrentis Relapsing fever (European)

Borrelia duttoni Relapsing fever (African)

Borrelia vincenti
Vincent's angina

Treponema pallidum Syphilis or lues

Some Bacteria Producing Disease in Plants

Organism Dkease

Actinomyces Myricarum Tubercles upon and lesions

within Myrica and Comptonia

Bacterium tumefaciens Crown &al1

Bacterium savastanoi °live knot

Bacillus amylovorus Pear bhSht

Bacillus Solanacearum Wilt of Solanaceae

Bacillus tracheiphilus Wilt of Cucurbits

Pseudomonas juglandis Walnut blight

Pseudomonas Steward Wilt of Sweet Corn
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forming

deposited in a sheath around their walls. They are responsible

some

Family VI.—Beggiatoace^ (Sulfur Bacteria) .—Thread-

like, without a capsule, but with an undulating membrane. Cell

contents show sulfur granules.

Threads apparently not separated, septa only faintly visible

with iodine staining. Colorless or faintly rose-colored—
i

Beggiatoa.

The sulfur bacteria oxidize the hydrogen sulfide of sulfur

compounds, liberating sulfur in the form of granules within the

cell.

Pathogenic Bacteria.—Bacteria which produce diseases in

living organisms are called pathogenic bacteria or pathogens. A list

of some of the more important of these and the names of the

disease caused are shown on p. 373.
r

Class II.

—

Myxomycetes, or Slime Molds

Terrestrial or aquatic organisms, frequently classified as

belonging to the animal kingdom and found commonly on decay-

ing wood, leaves, or humous soil in forests. Their vegetative

body consists of a naked, multinucleated mass of protoplasm

called the Plasmodium, which has a creeping and rolling amoeboid

motion, putting out and retracting regions of its body called

pseudopodia. The size of the plasmodium- varies from a ten-cent

piece to several square feet of surface. It is net-like, the net

being of irregular dimensions. Like the amoeba the outer

portion of the plasmodium is clear and watery and known as the

ectoplasm, the inner portion is granular and called the endoplasm.

Like the amoeba and unlike other plants, this slimy body engulfs

solid food by means of its pseudopodia instead of admitting it in

solution. It is extremely sensitive to light being negatively

heliotropic, i.e., turning away from the sun's rays. At the time

of reproduction, the plasmodium creeps to the surface. The
whole plasmodium then forms one or more fructifications.

These fructifications vary from cushion-like masses (athallia)

to more elevated bodies in which the net-like structure of the

Plasmodium is preserved (plasmodiocarps) to stalked sporangia
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(spore cases).

amceboid protoplasts (swarm sp

sb

from the spores, each developing a single cilium and moving
actively about. In time the cilia disappear and these
swarm spores coalesce in smaller then larger groups to form a
Plasmodium.

A

C

6

•
**.«

E

T

Fig. 279.—Slime molds. A, B, Comatricha nigra. A, Sporangium, natural
size; B, capillitium, 20/1; C, E, Stemonitis Jusca; C, sporangium, natural size; Z),

and E, capillitia, 5/1, 20/1; F> H, Enerthema papillatum, F, unripe; G, mature
sporangium, 10/1; H, capillitium, 20/1. (C, D

y after nature. A, F, G, H, after

Rostafinski; B, E
y after de Bary in Die natiirlichen Pflanzenfamilien I. 1, p. 26.)

Class III.

—

Eumycetes (True Fungi)

The True Fungi represent a large class of chlorophylless plants

in which are included plants ordinary called fungi, such as the

molds, water-molds, yeasts, blights, mildews, rusts, smuts, toad-

stools, puffballs, etc. In nutrition, they are either saprophytes

parasites or may be adapted to both modes of exis

them have a vegetative body called a mycelium
Most

filamentous hypl

sub-classes:

Sub-Class I.

This class is subdivided into the following

com
ter-molds, blights, mildews, i

Sub-Class II. Ascomycetes

or Alga-like Fungi—mold

yeasts, blue and
green molds, powdery mildews, cup-fungi, morels

Sub-Class III. Basidiomycetes or Club-Fungi-

mushrooms, DufF-balls, earth stars, etc.

smuts
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Sub-Class IV. Deuteromycetes or Imperfect Fungi—fungi

whose life histories are incompletely known, as celery-blight,

trichophyton, monilia, oidium, etc.

The Phycomycetes, or Alga-like Fungi

The Phycomycetes represent a small group of fungi showing

close affinity with the green algae. Their mycelium is composed

of hyphae which are usually unicellular up until the time of

reproduction and many-nucleated. This suggests a close rela-

tion with the Spihonales group of green algae. Their sexual

organs are likewise similar in structure. Transverse septa

appear in the hyphae upon the formation of reproductive organs

which separate these structures from the vegetative hyphae.

They reproduce by spores as well as by sexual reproduction.

Those Phycomycetes in which sexual reproduction is brought

about through the union of like gametes belong to the order

called Zygomycetales which includes the black bread molds and
their kin; those in which sexual reproduction takes place through

the union of unlike gametes belong to the Oomycetales or order of

the watermolds and their allies.

Cultivation of Molds.—Molds and other fungi will grow
on most bacteriological culture media but do better if some sugar

is added. They may also be grown on moistened slices of bread,

decoctions

manures, peas, beans, etc. substratum
growth. The liquid media may be made

addition of agar. An excellent medium for the growth of molds
and most other fungi in the laboratory is a modification of

medium, the formul

Sucrose

Sodium Nitrate
30.0 Gm.
2.0

Dibasic Potassium Phosphate \ q
Magnesium Sulfate Crystals q 5
Potassium Chloride

Ferrous Sulfate
0.5

0.01
Water

-. 1000.0 cc.
For solid medium, add Agar 15 q Qm

T

Slide cultures are of great value in the study of molds since
they permit the study of the aerial and submerged hyphae
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mounts
mvcelium

Henrici method
may

glasses and deposit a drop of de Khotinsky cement or melted
sealing wax on each end; spreading it out with a small hot iron

file to form a layer 5 mm. wide. Heat a slide in a flame and
place the cover glass on it with the cement side down. The slide

should be just hot enough to soften the cement rather than to

liquefy it. The culture chamber thus prepared has a space

between the cover slip and slide about 1 mm. deep. Melt a tube
*

of Czapek's agar, cool and inoculate with spores of the mold to be

examined. With a sterile pipette transfer some of the inoculated

agar to the edge of the cover glass and allow it to run under until

part of the space has been filled. The slides are then placed in a

moi

bottom and the lid sealed with vaseline, and the slides incubated

until growth has occurred.

-

Order Zygomycetales

The Black Bread Mold.—Rhizopus Nigricans (Mucor

stolonifer), commonly known as "Black Mold" or "Black Bread

Mold/' is frequently found on bread, jellies, syrups, acetic

pharmaceutical extracts and other substrata, where it forms a

bearing numerous black, tiny spore cases.

mold is the spores, which are found in the air

or water with which the attacked substratum is in contact. Each

of these, upon germinating, sprouts out and forms a vegetative

mycelium consisting of three kinds of hyphae, viz.: rhizoidal or

submerged hyphce, sporangiophores or aerial hyphce and stoloniferous

hyphce. The branching rhizoidal hyphae penetrate the substratum

and secrete a diastatic ferment that changes the water insoluble

carbohydrate materials into a soluble sugar which passes into

solution and is absorbed by their walls. This, upon entering the

hyphae, is converted into protoplasm, and so the mold increases in

size. Sporangiophores or aerial hyphae arise vertically or

obliquely from abulged-out common base of the rhizoidal hyphae.

Each of these when mature bears upon its summit a spheroidal

sporangium containing numerous small, brownish, multinucleate
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endosp

calcium

sporangium

:nsr from th(

the sporangiophores or aerial hyphas more
bstratum

cominer in contact with the substratum, swell up form

ipp

ubmerged

several aerial hyphae bearing sporangia. method

proceeds until the entire surface of the nutritive medium is

mvcelium

Fig. 280.—Black mold (Rhizopus nigricans). A
y older plant; myc, mycelia;

spk, sporangiophore; sp, sporangium; st, stoloniferous hypha produced by A, and

giving rise at its tip to a new plant, B. Greatly enlarged. (Gager.)

)pus reproduces by two methods

it of division by cleavagefurrows. In

The most common
hisAsexual Method,

a transverse wall is laid down in the sporangiophore near its tip.

The terminal cell thus formed swells up, becoming globular in

shape and its multinucleate protoplasmic contents, bv nroeressive

phore.

become divided to form numerous
* sporangium or enlarged terminal eel

lumen
gium from that of the sporangiophore, bulges into the sporangium

shaped structure, which is termed the columella.as a dome
Upon the ripening of the spores the wall of the spore case bursts,

them moist

germinate and ultimately form new Rhizop
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The Cedar and Apple Rust produces aecia on the leaves of the

apple and hawthorn and telia on the red cedar (Juniperus virgini-

ana) . The mycelium of this fungus growing in the leaves of the

juniper produces the large brown galls known as "cedar apples."

Order 3.

—

Auriculariales.—The so-called "ear fungi

which occur on the bark of many plants, on wooden fences, etc.,

as auriculate growths which when young are jelly-like and

brilliantly colored, when old, hard, grayish and considerably

wrinkled- The earlike fruiting body is known as the sporophore.

Its internal surface is lined with a hymenium or fruiting membrane

consisting of numerous four-celled basidia, each of which cuts

off at its tip a basidiospore. A common example of this group

is the Jew's ear fungus.

Order 4.

—

Tremellales.—Saprophytes which live on

decaying wood as moist, soft, quivering gelatinous growths

becoming later dry and horny.

The Higher Basidiomygetes

Mostly fleshy forms characterized by one-celled basidia with

generally four, occasionally six, eight or two sterigmata, each of

which cuts off a basidiospore at its tip.

Division a.—Hymenomycetes

(Hymenium or spore-bearing surface exposed)
*

This division of higher basidiomycete fungi comprises the

following orders: Dacromycetales, Exobasidiales, Thelephorales,

Clavariales and Agaricales.

Order 1.

—

Dacromycetales.—This order includes the

"weeping fungi.
55 One of the most common is Dacromyces

deliquescens which occurs as a gelatinous body of bright red color

on dead wood. The basidiospores are formed during a wet

period and the fungus swells up in the water forming a slimy

mass mycelium may

up into oidiospores, if the wet period is prolonged. In consisting

of slimy gelatinous masses the "weeping fungi
55 approach the

Tremellacece but are distinguished from them in the basidium.

beine undivided in the former and divided in the latter.
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Order 2.

—

Exobasidiales.—This group is found growing
parasitically on shrubs especially those of the heath family.

The mycelium lives in the tissues of the stems, leaves, sepals and
petals and produces spongy, fleshy, yellowish or brownish galls

which are popularly called "Azalea apples." The galls are

edible. They are covered with a hymenium.
Order 3.—Thelephorales. These possess fruit-bodies

appearing on tree trunks as flattened leathery or crust-like

Fig. 298.—Coral-like fruit-bodies of Clavaria flaua. (Harshberger, from Photo by

W. H. Walmsley.)

or bracket-like outgrowths often overlapping each other.

Example: Corticium.

Order 4.

—

Clavariales, the coral or fairy club fungi.

Fleshy coral or club-shaped forms, all of which are saprophytes

found in woods growing in bunches out of leaf mold. They
are all edible and of a white, yellow, lavender or some other

brilliant color. (See Fig. 298.)

Order 5.

—

Agaricales, the mushroom or toadstool alliance.

Alike with the other members of the Basidiomycetes, the plant

body consists of the mycelium, ramifying through the sub-
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stratum, but the part which rises above the surface (the sporo-

phore or fruiting body) is in most cases differentiated into a stalk-

like body called a stipe bearing upon its summit a cap or pileus,

the latter having special surfaces for the hymenium.

Family 1.

—

Hydnace^e, or tooth fungi. This group is

characterized by the hymenium being placed over purplish,

spiny or long finger-like projections of the pileus. Many of

the species of the genus Hydnum are edible.

Fig. 299.

—

Boletus felleus in three stages of development. {After Patterson, Flora W
and Charles, Vera K.

9
Bull. 175, U. S. Dept. Agric, pi. xxxi, Apr. 29, 1915.)

Family II.

—

Polyporace^:, or pore fungi. The sporophores
or fruiting bodies of these fungi are various. They may be
entirely supinate with pores or shallow depressions on their

upper surfaces (Merulins), or mushroom-like (Boletus), or of the

nature of woody or corky (Fomes) or fleshy (Fistulina) brackets.

In all cases the hymenium or basidial layer lines the inner

surface of tubes which open on the exterior as pores.

The sporophore or fruit body of Polyporus officinalis

deprived of its outer rind and dried, constitutes the drug

when
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cus. This species grows abundantly on various species of pines,

spruces and larches.

Family III.

—

Agarigace^:, the gill family, in which the

hymenium covers blade-like plates of the pileus, called gills,

generally occurring on the under surface of the same. Accord -

Fig. 300.—Meadow mushroom (Agaricus campestris L.). A, view showing

under side of pileus; g, gills; a, annulus, or remains of the veil attached to the stipe

.

tervals

remains of the veil Murrill

members of this family

divided into 5 groups:

1. white

2. Rhodosporae or red-spores, as Pluteus.

3. Ochrosporae or brown-spored, as Pholiota.

4. Porphyrosporae or purple-brown spored, <

5. Melanosporae or black-spored as Coprinus.

TVi^ r*nW nf the snores is best determined b\

smooth

paper and covering it with a bell jar. Within

lm

ment which is called the spore print

Agaricus Campestris Mushroom).—This plant.

ipestris (L.) Fr. by some

common
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Yeast plants grow in dilute saccharine solutions containing

dissolved nitrogenous substances such as beerwort, Pasteur's

solution, grape juice, etc. Here they are constantly wasting

away and as constantly being built up. The question may well

arise: "How do they obtain the material necessary for growth

and repair?
55 The answer, in a general way, is not difficult.

The fluid in which they live is a solution of sugars and of nitrog-

Fig. 283.—Yeast, Saccharomyces cerevisia, the variety known as brewers' bot-

tom yeast; a, spore formation; b, elongated cells. (After Schneider, Pharmaceutical

Bacteriology.)

matters permeable

inces diffuse through it into the cell,

(which, indeed, it is no easy matter

are converted into new living substance. The waste products

likewise diffuse readily outward. This

called saprophytic, and the yeast plant is said to be a saprophyt

me

metabolism

must be briefly mentioned

yeast. Many organisms <
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medium Yeast causes a whole-
sale destruction of sugar in the surrounding fluid. One
decompoi

commerce
alcohol. The alcohol of

asm of the yeast plant manufactures
enzymes, viz.. enzyme invertase which
passes out of the yeast cell and hydrolyzes cane sugar to dextrose
(invert sugar) and an endocellular enzyme called zymase which

Fig. 284.

—

Saccharomvces cerevisia. The form or variety known as brewers' top
yeast. (Oberhefe.)

remains

alcohol and carbon dioxide.

Saccharomyces has its times <

perish in great numbers from If

not too suddenly exposed, however, they are able to meet
adverse conditions by eliminating most of their water, suspend-
ing physiological processes, and becoming dormant. Some-
times

when each cell divides into four parts, each of which becomes
nearly dry and is surrounded by a thick wall. Such cells are
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called ascospores, and their production serves both as a method
of multiplying the plant and of tiding over adverse conditions.

They can survive for a long time without food or water, and
can endure higher temperatures than the active cells and almost

any degree of cold.

The dried cells and spores float in the air as dust and so

accomplish a dispersal of the organism. Doubtless most of

them never again meet suitable environment and so sooner or

Fig. 285.

—

Saccharomyces ellipsoideus. A common yeast found on grapes, jams,

jellies, etc. shown in many of the cells as also the vacuoles.

(Schneider, Pharmaceutical Bacteriology,)

later perish,

be able to

continued.

.But some will n

multiolv enormou and so the species is

The general method of reproduction in Saccharomyces is

that of gemmation or budding. small

commences to form This grows larger

asm and nuclear mate

d, which may assume

formed. This generally adheres to the parent-

more

may produce great-granddaught

from
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There are two varieties of brewer's yeast, viz.: Top Yeasts
and Bottom Yeasts. Top yeasts grow on or near the surface

of the liquid and produce rapid fermentation at summer tem-
peratures causing great quantities of carbon dioxide to arise to

the surface and thus forming the froth which is characteristic of

ale, stout and porter. They tend tc remain
Most of the yeasts used for compressed yeast and bread m
are top yeasts.

Fig. 286.—Saucer-shaped fruit-bodies of Pezizfl repanda. (Harskberger, from Photo

by W. H. Walmsley.)

Bottom yeasts grow at about 4°C. at or near the bottom
the vat. Th

(C 55

Compressed

yeast cake

cerevisia or of other speci

starchy or absorbent base.

sed in the manufacture of lag<

(Cerevisiae Fermentum Compressum) or

moist

combined

vitamin

vitamin B? or G
Othe Hip

termed

species, several varieties of which are found growing on grapes
especially in districts where wine is produced,

the true wine yeast to distinguish it

found in grape juice, like S. apiculat

from

branifi
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which exert a deleterious effect in wine production. Its cells

are ellipsoidal, 6/j, long, occurring singly or in rows of several

generations, which are rather loosely joined.
4

Fig. 287.—Cup Fungi. A, B, Lachnea scutelata. A, Habit; B, ascus with para-

physis; C, D, Lachnea hemisphcerica; C, habit; D, ascus with paraphysis; E, Sarco-

sphmra arenosa habit; F. G, Sarcosphcera coronaria; F, ascus; G, habit; H, Sarcosphcera

arenicola ascus with paraphysis. {See Die natiirlichen Pflanzenjamilien I, 1, p. 181.)

(Harskberger.)

S. pastorianus is a common contaminant in brewer's yeast

and in yeast cakes. It forms large sausage-shaped cells. It is a

cause of disagreeable flavors in beer.

Order 2.

—

Pezizales or cup fungi. Examples: Peziza,

Lachnea and Ascobolus.

Parasitic or saprophytic plants, whose vegetative bodies con-
sist of a mycelium ramifying through the substratum and whose
above ground fruiting bodies are sessile or stalked, cup or saucer-
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surface.

ictures termed apothecia (sing, apothecium), in which

membrane [ascigeral layer) lines the concave upper

286 and 287.)

filamentous structures called paraphyses

from

(Figs.

Fig. 288.—Three aerial hyphae showing the characteristic brush-like branching
and spore formation of Penicillium glaucum. This fungus is a true saprophyte and
is never found on living fruits or vegetables, a, Conidiophore branching above into

secondary conidiophores; b, sterigmata; c, conidiospores. (Schneider.)

Order 3.

—

Plectascales, the blue and green molds.

Examples: Aspergillus and Penicillium.

Penicillium Glaucum (Green Mold or Mildew), a type
of mildew, belonging to the Ascomycetes class of Fungi, forms
sage-green crusts on bread, jellies, old boots, gloves, and various

pharmaceutical preparations. It consists of a felt-like mass of

interlaced tubular hyphae called a mycelium. From the mycelium
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numerous hyphae project into the air and bear a green powder,

the spores. These hyphae are called aerial hyphce. Other

hyphae grow down into the substratum and are called sub-

merged hyphce.

When a small portion of the mycelium is mounted in 1 per

cent, alcohol and observed under the high-power objective, it

will be noted that each hypha has a transparent wall and proto-

plasmic contents and is divided by transverse septa into a number

Fig. 289.

—

Penicillium Roquejorii. a, Part of a conidiophore; b, c, other types

of branching; d, young conidiophore, just branching, e, /, conidiiferous cells; g,

j, diagrams of types of fructification. k
y /, m, n, germinating spores. (After Thorn.)

of cells. Each cell contains protoplasm, which is differentiated

into cytoplasm (cell protoplasm) and several nuclei. In the

cytoplasm will be seen several large clear spaces. These are

vacuoles and contain water with nutritive substances in solution,

called cell sap. Each hypha with its branches is clearly distinct

from every other one.

The aerial hyphae bear brush-like branches, which become

constricted on their ends into a moniliform aggregation of

rounded spores appearing like a row of beads. Each aerial
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composed of a vertical septate branch of the mycelium

)ph

conidioph

Fig. 290.

—

Penicillium Camemberti. a, Conidiophore with common type of

branching with conidiospores; (b) a common less-branched form; c, d, f, diagrams

of large fructifications; g, i, j, germinating conidiospores. {From Bull. 82, Bureau

of Animal Industry, also after Thorn.)

bearing conidia) which are called conidia or conidiospores. The
conidia form the loose green powder characteristic of Penicillium.

A number of species of Penicillium are useful in the arts.

Penicillium roqueforti is the principal ripening agent of Roquefort,

Gorgonzola and Stilton cheeses. It possesses blue-green globu-

lar conidia 4 to 5/x in diameter.
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Penicillium camemberti is the principal agent in the ripening of

Camembert cheese. It possesses ellipsoidal bluish-green conidia

4.5 to 5.5/x in diameter.

Penicillium brevicaule grows on old moist paper and has been

used to detect the presence of arsenic, for when grown in media

containing this element, it develops the compound, diethylarsine.

It is yellowish-brown in color and its conidia are rough and spiny.

Penicillium expansum is often found on decaying apples where

it produces brownish coremia.

Citric Acid is produced by fermenting solutions of carbo-

hydrates (mono- or poly-saccharides) by means of molds of the

genera Penicillium, Citromyces, Aspergillus and Sterigmatocystis.

The unfermented carbohydrate is removed by an alcoholic

fermentation using yeast.

Aspergillus Herbariorum.—This green mold also named
Aspergillus glaucus and Eurotium Aspergillus glaucus is frequently

found on fleshy drugs which have not been properly dried. It

has also been observed on dried herbarium material, old extracts,

on jams, jellies, tobacco, cotton-seed meal, old leather, stale

black bread, etc. Like Penicillium its vegetative body consists

of a mycelium consisting of aerial and submerged hyphae.

It differs from Penicillium, however, mainly in not possessing

septated conidiophores and by the upper portion of the conidio-

phores being globular. Upon the globular extremity of the

conidiophores are placed numerous elongated sterigmata which

bear chains of grayish-green conidia. These are spherical and

prickly and range from 7 to 30/i in diameter. Under certain

conditions closed brownish fruit bodies called perithecia are

produced. These arise on the surface of the substratum from

spirally coiled hyphae and when mature possess numerous asci,

each of which contains five to eight ellipsoidal ascospores.

Aspergillus oryzce is a yellowish-green to brown mold which

secretes diastase, a valuable digestive ferment, having the power

of converting starch into sugar and dextrin. For centuries the

Japanese have employed this species in the preparation of rice

mash for Sake, as well as in manufacture of Miso and Soja

sauce. The spherical conidiospores are 6 to 7/x in diameter

and of a yellowish-green color.
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Aspergillusfumigatus is a pathogenic species which produces a

disease in birds, horses, cattle and even, though rarely, in man
that is called aspergillosis. The organ most prone to infection

Fig. 291.
Jap

beverage Sake. Vegetative hyphae (a) and spore-forming hyphze (b, c, d) are
shown. {Schneider, Pharmaceutical Bacteriology.)

by this organism is the lung, although the sk

other parts are also subject to its parasitic

duces short conidiophores with sterigmata
of rounded, colorless conidia 2.5 to 3u in

It pro-

diameter. Harsh
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berger 1

are nut

this organism

iameter, and ose

6 <c@>

Fig. 292.

—

Aspergillus niger showing conidiophores and conidiospores formation

with stages in germination of spores. (Harshberger, after Henri Coupin.)

oval, thin-skinned asci with eight, red, lenticular ascospores each

of which has a diameter of 4 to 5//.

Aspergillus niger develops dark brown mycelial masses in which

are to be noted tall conidiophores terminating in large, black,

1 "Mycology and Plant Pathology," p. 147.



394 PHARMACEUTICAL BOTANY

globular spore heads. The globular vesicle of the spore head

bears radially arranged, branched sterigmata that cut off from

their tips chains of rounded black to dark brown conidia 3.5 to

5u in diameter. This fungus has been found to produce sup-

inflammation of the external and middle

mithe human ear. It is also a cause of cork disease, so often

ing a disagreeable taste to bottled beverages.

This mold, however, is of considerable economic importance.

While a number of molds produce citric and oxalic acids from

Fig. 293. Morchella Murrill

sp

commerci

citric acid on a large scale.

4. TlJBERALES,Order truffles. Fungi whose septate

mycelium is often connected with the roots of trees forming the

structure known as mycorrhiza. Several species of the genus

Tuber growing in woods of France, Germany and Italy produce

tuberous subterranean bodies called Truffles, which are highly

prized as a table delicacy by the inhabitants of these countries.

Fleshy fungiOrde Helvellales

mold

humus The fleshy

slip
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(pileus) portions. The external surface of the cap is covered
with a layer of asci and paraphyses which together constitute
the ascigeral layer. To this group belong the Morels and the
Earth Tongues.

One of the Morels, Morchella esculenta, is frequently found
in fire-swept woods. Its fruiting body consists of a hollow,

summit
honeycombed

com
of asci and paraphyses. This species is edible. (See Fig.

293.)

Order 6.

—

Pyrenomycetal
common as superficial parasites

mildews

To
Family Hyp

Claviceps purp

Life History of Claviceps Purpurea.—Through the

agency of winds or insects the spores (ascospores or conidia) of

this organism are brought to the young ovaries of the rye {Secale

cereale). They germinate into long filaments called hyphse,

becoming entangled to form

ferment, and cause decom
ft a

formation

mucous sut

moniliform

disseminate

The honey

other heads of grain.

The mvcelial threads

form a dense tissue which gradually consumes

some
what curved body called a sclerotium, or official ergot—the

resting stage of the fungus, Claviceps.

The ergot falls to the ground and in the following spring

sprouts into several, long stalked, globular heads called stromata

or ascocarps. Each (fruiting) head or ascocarp has imbedded
in its surface numerous flask-shaped invaginations called peri-

thecia, from the bases of which several sacs or asci develop from
the ends of hyphae. Within each ascus are developed eight fili-

form spores {ascospores) which, when the ascus ruptures, are



396 PHARMACEUTICAL BOTANY

3»»"tf
Fig. 294.

—

A> Balansia claviceps on ear of Paspalum; B-L, Claviceps purpurea; E
sclerotium; C, sclerotium with Sphacelia; D, cross-section of sphacelial layer; E,
sprouting sclerotium; F, head of stroma from sclerotium; G, section of same*' H

1

produced
germi

(See Die naturlichen Pfianzenjamilien I, 1, p. 371.)
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discharged and are carried by the wind to other fields of grain,

there to begin over a new life cycle.

The drug ergot contains a number of physiologically active

constituents chief among which are the alkaloids ergonovine,

ergotoxine and ergotamine and the amines histamine and tyramine.

It is used in medicine chiefly because of its power to contract the

pregnant uterus and to check post partum hemorrhage.

The Basidiomygetes or Basidia Fungi

This large class of fungi, including the smuts, rusts, mush-

rooms, gill and tooth fungi, etc., is characterized by the occur-

rence of a basidium in the life history. A basidium is the swollen

end of a hypha consisting of one or more cells and giving rise

to branches called sterigmata, each of which cuts off at its tip
-

a spore, called a basidiospore. In addition to the basidiospores,

some forms also produce one or more kinds of other types of

spores. All of the members have a mycelium composed of

septated hyphae.

The Lower Basidiomycetes

This group comprises the smuts and rusts which are parasites

m
living within the bodies of seed plants.

Order 1.

—

Ustilaginales, the smuts. Destructive parasites
-

which attack the flowers of various cereals, occasionally other

parts of these plants. Examples: Ustilago Maydis, the corn smut.

The basidiospores in this group are borne on a three- to five-

celled basidium called a promycelium.

Ustilago Maydis (Ustilago Zkje) (Corn Smut).—Corn

smut is a destructive parasite which for a long time was supposed

to be confined to the Indian Corn, but which now is known to

occur on Mexican Grass. It is the only smut useful in medicine.

The mycelium of the fungus extends through all parts of the

infected organ of the host through the intercellular-air-spaces,

sending short absorbing branches into its cells. In due course

of time, it produces large tumor-like swellings on the ears, tassels,

husk, leaves, root and stem. Each swelling is at first made up

of masses of hyphae, the whole being covered with a tightly

appressed membrane which has a whitish appearance like
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German silver. Later the cells of the hyphae lay down walls

becoming divided into smaller cells, each of which becomes

rounded off as a spore. This spore is known as a chlamydospore

or brand spore. The spores are at first a dark olive-green, but on

»

Fig. 295.—Smut boil of Ustilago zea on ear of corn, developed from one infected
kernel. (After Jackson, F. S., Bull. 83, Del. Coll. Agric. Exper. Stat., December 1908.)

They are sub-spherical and showmaturity

prominent but tiny spines. These spores fall to the ground
and pass the winter. In the germinates

filament called a promycelium, from
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basidiospores arise. (Fig. 296.) The basidiospore, upon coming
in contact with young growing tissue or a wound upon the host

plant, starts a new infection and develops a mycelium which
penetrates the infected organ.

Order 2.

—

Uredinales, the rusts. Obligate parasites

possessing a septated, branched mycelium which ramifies

i

Fig. 296.—Germination of the chlamydospores of corn smut (Ustilago zea); 1,

Various stages in germination from corn 3 days after being placed in water; 2,

spores germinated in contact with air; 3, several days after spores were placed in

}4o per cent, acetic acid, formation of infection threads, a, Spores; b, promycelia;

c, basidiospores; d, infection threads; e, detached pieces of mycelia. (After Bull.

57, Univ. III. Agric. Exper. Stat., March, 1900.)

through the intercellular-air-spaces of the host and sends

haustoria into the cell cavities. The different stages of their

life cycle are either restricted to one host or distributed between

hosts. An outline of the life history of the wheatmore
rust

Wheat Rust (Pu examine

e stems
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leaves some rust-red lines. The presence of the mycelium of

the fungus in the intercellular spaces of the host does not kill the

host directly or appear to stunt its growth, but the effect of

the parasite on the host is seen when the grains mature. The

grains are small and mushy, due to the fact that the nutrition

of the host had been disturbed and the formation of starch in the

grains inhibited. The mycelium is localized and gives rise

underneath the epidermis to rounded egg-shaped spores attached

Fig. 297.—Spore forms of wheat rust, Puccinia graminis, A, Section through

barberry leaf showing pycnia (spermagonia) on upper surface and aecia on lower;

B, two urediniospores; C, germinating urediniospore; D, teliosorus showing several

teliospores; E
y
single two-celled teliospore; F, germinating teliospore with four-

celled basidium and two basidiospores; G, basidiospore growing on barberry leaf.

(Harshberger, adaptedfrom deBary.)

to it by short pedicels. The spores are p

that the space beneath is too confined.

numbers

pidermal

cells of grasses run longitudinally, the pressure of the spore

from within causes the eDidermis

become

* or uredosp

Through the resultant cleft the summer

(uriediniospores) are thrust out. These

spines mass of them

tached from 1

minute

These

to healthy plants. After summer is over and dry weather
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comes on, an examination of stubble in the field (blades of grass
of wheat left carelessly), shows that these rust-redstems

(teliospores). A mass of these is known as a telium
The summer stage on wheat is known as Uredo ]

teleutosp

autumn stage on wheat is known as Puccinia graminis

are

persistent pedicels. They remain

them produce an outgrowth known as a promycelium

composing

mm Each cell of the

mm
a basidiospore is formed. These basidiospores are blown to

the Barberry (Herberts) and infect the leaves of this plant. The
mycelium runs in the intercellular-air-spaces and causes the

appearance of a number of small depressions on the upper side

of the leaf. These in section are a rich chocolate brown and
known as spermagonia. In the center of a spermagonium are

produced hyphae, which project out to its orifice and obstrict

off minute spores called spermacia. On the opposite side of the

leaf, cup-shaped depressions are formed, each with a limiting

membrane (peridium). Within the cup-shaped depression thou-

sands of spores are formed in chains closely packed together.

These are the cecidiospores (ceciospores). The cluster cup is called

an SEcidium (Return). These aeciospores are conveyed to wheat
and cause infection, thus completing the life cycle. It has been
observed that in America the uredospores or summer spores may
winter over and infect healthy plants, so that the Barberry
phase is completely eliminated from the life cycle.

Some Other Rusts.—The White Pine Blister Rust,

Cronartium ribicola, causes great damage yearly to the Pinus

strobus and other 5-needle pines. It has its aecial and spermatial

stages on these pines and the uredospore and teleutospore stages

on currants (Ribes spp.). The Hollyhock Rust, Puccinia mal-

vacearum occurs on the hollyhock (Malva rosea) and other species

of Malva, notably the drug-yielding Malva rotundifolia and Af.

sylvestris. It passes through two stages, the teleutospore and
basidiosoore. on the same host, onlv a single host beinp- involved
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The Cedar and Apple Rust produces aecia on the leaves of the

ana). The mycelium
{Junip

known
Order 3.

—

Auriculariales.—The so-called "ear fungi 55

which occur on the bark of many plants, on wooden fences, etc.,

as auriculate growths which when young are jelly-like and
brilliantly colored, when old, hard, grayish and considerably

wrinkled • The earlike fruitiner bodv is known as the sporophore.

im or fruiting membrane
numerous

off at its tip a basidiospore. A common example of this group
is the Jew's ear fungus.

Order 4.

—

Tremellales.—Saprophytes which live on
decaying wood as moist, soft, quivering gelatinous growths

ommg

The Higher Basidiomygetes

Mostly fleshy forms

— * # w
which cuts off a basidiospore at its tip.

mata

Division a.—Hymenomycetes

(Hymenium or spore-bearing surface exposed)

Dacromycetales

lomycete fungi comprises

Clavariales and Agaricales.

Order 1 .—Dacromycetales.—This order includes the
"weeping fungi." One of the most common is Dacromyces
deliquescens which occurs as a gelatinous body of bright red color
on dead wood. formed

mass
forming a slimy

mycelium may
up into oidiospores, if the wet period is prolonged. In consisting
of slimy gelatinous masses the "weeping fungi 55

approach the
TremellacecB but are distinguished from them in the basidium
being undivided in the former and HiviH^H ;« +u~ u**—
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Order 2.

—

Exobasidiales.—This group is found growing
parasitically on shrubs especially those of the heath family.

The mycelium lives in the tissues of the stems, leaves, sepals and
petals and produces spongy, fleshy, yellowish or brownish galls

which are popularly called "Azalea apples." The galls are

edible. Thev are covered with a fv menium
Order —Thelephorales. These possess fruit-bodies

appearing on tree trunks flattened leathery crust-like

*|j|« • • - «-

. * # .

• ••# + «#••••••
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stratum, but the part which rises above the surface (the sporo-

phore or fruiting body) is in most cases differentiated into a stalk-

like body called a stipe bearing upon its summit a cap or pileus,

the latter having special surfaces for the hymenium.

Family 1.

—

Hydnace^:, or tooth fungi. This group is

characterized by the hymenium being placed over purplish,

spiny or long finger-like projections of the pileus. Many of

the species of the genus Hydnum are edible.

Fio. 299.

—

Boletus felleus in three stages of development. {After Patterson, Flora W.
and Charles, Vera K., Bull. 175, U. S. Dept. Agric, pi. xxxi, Apr. 29, 1915.)

i

!

*

Family II.

—

Polyporace^e, or pore fungi. The sporophores

mayor fruiting bodies of these fungi are various,

entirely supinate with pores or shallow depressions on their

upper surfaces (Merulius), or mushroom-like {Boletus), or of the

nature of woody or corky (Fomes) or fleshy (Fistnlina) brackets.

In all menium the inner

surface of tubes which open on the exterior as pores.

The sporophore or fruit body of Polyporus officinalis,

deprived of its outer rind and dried, constitutes the drug Agari-

when

^ * \jd'

tot>v *A An
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cus. grows

spruces and larches.

Family III.

—

Agaricaceje, the gill family, in which the

covers blade-like plates of the pileus, called gills,menium
same Accord-

Fig. 300.—Meadow mushroom (Agaricus campestris L.). showing

under side of pileus; g, gills; a, annulus, or remains of the veil attached to the stipe

.

intervals

remains of the veil. (Gager, after W. A. Murrill.)

members of this family

divided into 5 groups:

1. Leucosporae or white-spored, as Amanita.

2. Rhodosporae or red-spores, as Pluteus.

3. Ochrosporae or brown-spored, as Pholiota.

4. Porphyrosporae or purple-brown spored, as Agaricus.

5. Melanosporae or black-spored as Cop

determined

smooth

paper and covering it with a bell jar. W
imprint

ment which is called the spore print

Agaricus Campestris Mushroom).—This

ipestris (L.) Fr. by some a

common
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fields during late summer and early autumn. It is never found

in the forest or on trees or fallen trunks, seldom in the mountains.

The cultivated form grows in specially constructed houses made
of boards. A corridor runs through these houses so that the

mushroom beds can be easily reached. In the growth of mush-

rooms tons of horse manure are used. This is covered with

loamy soil 1% inches thick. The whole mass is compacted

together. Into the resultant beds is introduced English-grown

spawn, which comes in flat brick-shaped masses (horse manure
through which mycelium has grown). Pieces of these "bricks"

Fig. 301.—Fruiting surface (hymenium) of a mushroom (Agartcus). m, hyphae
of the trama and sub-hymenium; A, basidium; st, sterigma; sp, spores,
matic. (Gager.)

Diagram-

manure
disappeared. The beds are then watered well and in a short
time the sporophores or fruiting bodies of the fungus spring up.

mycelium

oil from s

mycelium
(basidiospores) is white and thready.

becoming later pea size and then assuming a
At this stage the sporophore consists of a

cylindrical solid stipe or stalk and a pileus or cap. The border

form

Within
means of a "p

grow. At first the stipe grows faster than the rest of the fruiting
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body. The pileus expands transversely and the gills keep pace.

ru

stipe. This constitutes the annulus or ring {true annulus). The
form make

through a gill, the hyphae are seen to run longitudinally. The
trama

sub-hymenium; next, hymenium, consisting of basidia (hence a
basidial layer). Each basidium bears two or four little points

Fig. 302.—Deadly amanita {Amanita muscaria) showing volva at base of stipe

and frill-like stipe ring. {After Chestnut, V. K., Bull. 175, U. S. Dept. Agric, pi.

i, Apr. 29, 1915.)

known as sterigmata. Each sterigma bears a purplish-brown

basidiospore. The basidiospores falling to the ground germinate

into hyphae and these become interlaced to form a mycelium.

In the wild mushroom the gills are at first white in the button

stage, later pink; in the cultivated, fawn-colored. Ultimately in

the wild form the gills turn blackish brown. The spores are

purplish-brown. The color of the stipe is white; that of the

upper surface of the pileus varies from satiny white to pallid

brown.

The Amanitas (Poisonous Fungi).—Amanita muscaria and
phalloides, corrlm as the "fly agaric 55 and
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the "deadly agaric/ 5

respectively, are very poisonous forms.

Amanita muscaria is common in coniferous forests, although it

may be found in cultivated soil along roadsides, in open woods
and wood margins. It occurs singly or in patches. Its chief

poisonous constituent is muscarine for which atropine is an

antidote. An emetic should first be given. Amanita phalloides

Fig. 303.—The deadly amanita, Amanita phalloides. Note the cup at the base of
the stipe. (Gager,from photo by E. M. Kittredge.)

is found in woods and borders of fields and occurs singly and not
in groups.

Each of these have fruiting bodies (sporophores), which

mushroom
ground as a button similar

assumes a dumbbell
shape. The whole button is covered by an outer veil, known
as the velum universale, which encloses the pileus, gills and stipe.

more
part of the veil is stretched and finally breaks in its middle
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remainsportion. The lower part

stipe grows. The upper part is carried up as shreds adhering
to the margin

or death cup.

The lower part is called the volva

annulus present is a false for it

represents a peeling down of the upper part of the stipe. Both
have chalk-white gills, an usually white stipe with a bulbous base,

and white spores.

The pileus from orange-red or

blood-red to orange or yellow. The surface is covered with

Fig. 304.—A colony of Puff Balls, Lycoperdon, growing saprophytically upon a

portion of a rotten log. (Photograph by author.)

prominent warty scales, the latter being remnants of the veil

which are readily removed. Its stipe is white or pale sulfur

colored, at first stuffed, later hollow. The annulus is large,

white and ragged.

The pileus of Amanita phalloides varies from pure white to

dull yellow to olive or umber. It does not possess the warty

scales found in the Amanita muscaria, but occasionally has a few
t

membranous patches. Its stipe is generally smooth, usually

white, solid and bulbous below but hollow upwards.

Amanita phalloides is the most poisonous of all species of toad-

stools. Its chief poisonous constituents are the glucoside

amanita-hemolysin and the toxin called amanita-toxin. Amani-
tahemolysin is a blood laking principle. No antidote is known
which will neutralize the deadly effects of this fungus.
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Division b.—Gasteromycetes

(Hymenium inclosed)

Order 1 —Lycoperdales, or puff ball alliance. This
number

most common

most common form
Lycoperdon .

most part of a shell-like covering called the peridium, com

In these, the fruiting sporophore consists for the

Fig. 305.-Bird's Nest Fungus (Crucibulum) . Note the open sporophores appear-
pendiola or special bodies in which

ing like nests with eggs.

the basidiospores are produced. {Mother.)

The "eggs" are the

peridium
yperidium and an inner layer of endoperidium

mass Upon

made

mass, the interior is seen to be divided into many-branched
compartments that are separated from each other by walls

~ - up of branched hyphae. These walls are lined with a
hymenium composed of many basidia, each of which constricts
off usually four basidiospores. The earth stars differ from the
pun balls in possessing an outer wall or exoperic"
splits m star-shaped fashion.

Order 2.-Nidulariales, the nest fungi. A group of
Gasteromycetes whose sporophores are crucible or ^*JLy^

mm



THE FUNGI 411

These arise from a subterranean mycelium and show an outer

and inner peridial layer. The outer peridium is roughened at

its base. The inner peridium is leathery and may or may not be

continued over the top. When mature the crucible-like body

shows black seed-like bodies inside which

resemble eggs in a bird's nest. Each

one of these is connected with the inner

peridium by a cord which resembles the

umbilical cord of an animal. These

inner bodies are called peridiola (sing.

peridiolum) . Each peridiolum consists of

a hard glistening outer layer and a

spongy inner layer surrounding a cavity

into which basidia and basidiospores

project. These fungi are found in stiff

clayey soil.

Order 3.

—

Phallales, the carrion

or stink-horn fungi. This group con-

sists of hi*

most

highly and characteristically

forms which, when mature, emit

le and penetrating odors. The

fruiting body, in each instance, begins as

an egg-shaped structure which starts its

growth from a widely spread under-

ground mycelium of chalky-white color.

As the "eggs" enlarge they push above

the surface of the ground. The central

portion, elongating, then breaks through horn, Dictyophora duplicate

the OUter Or peridial portion, which (Harshberger, from photo, by

Fig. 306.—Mature stink-

remains
W. H. Walmsley.)

mature Upon the summit

many-chambered The basidiospores

mbedded in a greenish fetid slime formed by a mu
menium. This fetid

n material is attractive to carrion flies w

remove the material with its embedded The latter

germinate until after passing through the alimentary

canal of these flies.
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The Fungi Imperfecti

An assemblage of varied forms, the life histories of most of

which are imperfectly understood. Only one kind of spore, the

conidiospore, is known to occur in this group. In this group

are included numerous parasites which produce diseases in crop

plants and some in man and the lower animals.

Among the fungi of this group producing diseases in man are

Trichophyton species which produce a skin affection called "ring-

worm 55
Monilia

mucous membrane of the mou



Chapter XVIII

THE LICHENS

Lichens are variously colored, usually dry and leathery

;ymb In each case

from materials manufactured

water from the substratum anc

it with the alga. mu

Fig. 307.—A foliaceous lichen, Physica stellaris (L.) Nyb., growing on a rock.

The cup-shaped structures are the fruiting bodies (apothecia). At the left are

seen two very young plants. (Gager.)

cial. While Blue-green and Protococcus forms of Green Algae

and Ascomycete Fungi are for the most part concerned in lichen

formation, in some instances Basidiomycete Fungi are also

involved with the algae. Thus we have two distinct classes of

Lichens depending upon the type of fungus associated with the

alga, viz.: Asco-lichens and Basidiolichens.

Lichens_are found on the bark of trees, on rocks, logs, old

fences, etc.

413
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According to the manner of growth of the thallus and nature

of attachment to the substratum, three different sub-groups of

lichens may be distinguished, viz.: (1) Foliaceous, where the

thallus is flat, leathery and leaf-like and attached to the sub-

stratum at different points. To this group belong Physica

Sticta and Parmelia. (2) Crustaceous, where the thallus closely

adheres to rocks and bark of trees. To this group belong

Graphis and Pertusaria. (3) Fructicose, where the thallus is

upright and branching. To the last group belong Cetraria

islandica, species of Cladonia, and I snea.

Fig. 308.—Cetraria islandica, or Iceland Moss, a medicinal lichen. (Sayre.)

Structure.—The body of a typical lichen shows a differ-

entiation into the following regions:

(1 ) A tegumentary layer of several rows of hyphal cells.

tbp

gonidia.

green

(4) A medullary layer of loosely interwoven fungal hyphae,
with large air-spaces. This is usually the broadest layer and
sometimes

(5) A lower cortex of hyphal cells, less dense than the upper
cortex. From the surface cells of this layer rhizoids are
developed which absorb water and nutrient salts from the
substratum.
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Fig. 309.—A lichen, Parmelia perlata (L.) Ach. 1. Plant, slightly reduced in
size; a, apothecia; 6, lobe of thallus; c

y soredial patches. The soredia are vegeta-
tive reproductive bodies composed of both algal and fungal elements, and there-
fore able to reproduce the lichen; the ascospores, alone, cannot do this. 2. Longi-
tudinal section of apothecium; a, thecium; b and c, the two layers of the hypo-
thecium; d, upper algal layer; e, colonies of algae distributed through the medullary
layer; /, lower algal layer; g, lower cortical layer. 3. Cross-section of vegetative
portion of thallus. 4. Paraphyses (sterile fungal filaments), and spore-sac (ascus),
containing ascospores. 5. Ascospores. 6. Algal cells, surrounded by fungal
hyphae with haustoria (absorbing branches). (Gager.)
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Reproduction.—Lichens reproduce either by producing
spores or by detaching scale-like portions of their bodies. In
the Asco-lichens (which make up the majority) either saucer-
shaped structures called apothecia (sing, apothecium) occur on the

somewhat embedded

ascus usually contains eight spores.

al structures called peri-

surface, arise. In either

{paraphyses) arise. Each
e_spares upon maturity

germinating in the presence of moisture

FlG
. 310.-Roccella tinctoria, a dye-yielding lichen. {From Strasburger after Wiesner.)

x hc uypna, upon coming
grows around it to form a lichpn

many lichens. These consist
of a network of hyphae enclosing algal cells. By becoming

from

means
Uses.—To the pharmacist and chemist lichens are chiefly of

interest because of the coloring principles which they contain.
Species of Lecanora and Roccella tinctoria yield, when subjected to
fermentation, the dyes orcein and litmus. Litmus is one of the

ic analysis. Cudbear, a purplish-red
cators in volumetric analysis.

used extensively for coloring pharmaceutical prepara-
the form of tincture, is prepared by treating species of
Lecanora or other lichens with ammonia water. Other
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lichens, such as Cetraria islandica, various species of Parmeiia,

medicine because of

It is a slender,

Usnea and Alectoria^ have been used
demulcent principles which they contai

One of the most conspicuous lichei

the Reindeer Moss {Cladonia rangift

branched, fruticose form which grows
foot and bears its brownish apothecia at the ends of branches.
In Arctic regions it occurs in dense patches covering large areas
and forms the only kind of fodder available in many sections for

reindeer and caribou.

Another lichen, Lecanora esculenta, is thought to represent the

Manna em
famine



Chapter XIX

THE BRYOPHYTES

compr

Kingdom iverworts and the

mosses*—

*

generations, *.*., gametophyte (sexual^ phase) alternating with

sporophyte (asexual phase of development) in their life history, the

two phases being combined in one plant. The^sporo^liyle-Js

attached to the gametophyte throughout its existence, being

parasitic upon it. ameto

more

cell is al

sexual organ).

The female

multicellular

There are two classes of Bryophytes: Class I, Hep
iverworts and Class II. Musci or mosses.

Hepatic^e or Liverworts

The liverworts are a class of aquatic or terrestrial plants

them

temperate regions. While most

i some are found submerged

some are epiphyt

where long dry seasons prevail. The body of a liverwort either

consists of (1) a small, flat, dichotomously branching thalloid

body showing differentiation into a green upper or dorsal region

and a nearly colorless under or ventral part, as in Riccia or

Marchantia, or (2) of a branching stem which bears two rows of

dorsal leaves containing chloroplasts and one row of pale ventral

leaves, as in Porella and other higher liverworts. Reproduction

multiplication. Some
is (antheridia and arch

same game

develop antheridia on one gametophyte and archegonia on
ame

418
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There are three orders of liverworts, viz.:

1
.

—

Marchantiales, including MarchantiaOrder 1 .—

Order 2.

—

Jungermanniales, the leafy

PoreIla.

Fig. 311.

—

Marchantia polymorpha. Male gametophyte. Lower figure: Thalloid

body with cupules containing gemmae and male receptacles (antheridiophores) in

various stages of development, a, b
y
c

y d. Upper figure: antheridia in depressions

of upper surface of disk of male receptacle, in successive stages of development,

/, e> d, c
y a. b, depression with the antheridium taken out. (From Small after Kny!)

Order 3.

—

Anthogerotales, having the most complex

sporophyte generations among liverworts, including Anthoceros

and Megaceros.

Marchantia (A Typical Liverwort)

One of the most common
Marchantia polymorpha. It oc moist
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damp

ks and humous soil of woodlands.

Gametophyte Generation.—The ame or sexual

mi

a dichotomously

With a hand len

numerous

into small rhomboidal-shaped areas. In the center of each of

these is a pore which leads into an air-chamber within the body.

Its lower surface is nearly colorless and exhibits rhizoids and

delicate scales.

Upper EpidermisGuard Cell Stoma Guard Cell

Air Chamberv^
Partition

between Air

Chambers

Lower
Epidermis

o

B C D

Rhizoid

Fig. 312.

—

Marchantia polymorpha. Microscopical structure of the thallus which

shows dorsioventral differentiation. A, vertical section showing one large air-

cavity beneath the epidermis. B, C, D, portions of each of three kinds of rhizoids,

the last two with inner thickenings of the wall. (Mottier.)

examined micro

hloroplas

rmis of epidermal

omata. each stoma

rounded by four vertical rows of cells. Directly beneath this is a

row of air-chambers separated by partitions. In each air-cham-

ber branched rows of densely chlorophylloid cells grow upward from

the cells which constitute its floor,

of photosynthesis.

most

chambers

clear

From
ma cells containing only a few chloroplasts

slender rhizoids and scales.

Some of the gametophytes will show cup-like structures on

their upper surface. These are called cupules. They contain
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special buds called gemmce which, upon being detached, may give

rise directly to a new gametophyte. This is the vegetative

method of reproduction.

Marchantia is dioecious for it produces two kinds of gameto-

phytes, one bearing antheridia (male) and another archegonia

Fig. 313.

—

Marchantia polymofpha. 1, Vertical section of one lobe of the disk

of the archegonial receptacle, showing archegonia on lower surface, the group

being surrounded by a laciniate perichaetium. 2a, 2a 2 , 3, 4, 5, 9, 10, Successive

stages in the development of the archegonium. 6, 7, 8, Transverse sections of the

same. 11, Mature archegonium with antherozoids attracted to mouth. 12,

Transverse section of venter of mature archegonium. 13, Transverse section of

neck of same, showing six cells. 14. Tuberculate rhizoid. 15, Transverse section

of same. (From Small after Kny.) •

m from

tptacles arise from

game
rridial receptacle consists of an erect stalk surmounted

by a disk with an eight lobed edge. Embedded in numerous

separate cavities of the upper region of the disk are the antheridia.

I
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The archtgonial receptacles consist of a stalk surmoun
umbrella-shaped disk with about nine somewhat penc

On the lower surface of the disk the archegonia arise

shaped structures which hang downward.

#

re somewhat oval and consist of a wall of sterile

mass of sperm mother cells. The latter give rise

The archegonia are flask-shaped structures, each of which
possesses a basal bulbous part called the venter and an elongated
tubular part termed the neck. The flask has an outer layer of

sterile cells and a central axial row of cells which from the base of

the venter upward are the egg cell, ventral canal cell and neck canal

cells. As the archegonium matures, the horizontal walls of the

canal cells are dissolved by an enzyme and the contents of the

cells are transformed into a mucilaginous mass. During wet
weather the upper portion of the wall of the mature antheridium

mass

sperms are liberated in a mucil

e substances then issuing from
mouths of the archegonia, they swim toward them and usually a
number pass down the neck of the canal of each archegonium
and gather around the egg. One of them unites with the egg
fertilizing it and forming an oospore. The act of fertilization

concludes the gametophyte generation.

The Sporophyte.—The oospore enlarg

form a spherical mass of cells which in time become differentiated

to form a sporophyte or asexual plant which consists of ( 1 ) a basal
foot which attaches the sporophyte to the base of the archegonium

1 from it,

ipsule com

#
cells called elaters.

Upon the rupture of the wall of the capsule the spores are
discharged, being aided in their dispersal by the elaters found
among the spores which, being hygroscopic and with spirally

thickened walls, bend and twist, giving force to the process of
spore distribution. Each spore, upon absorbing water, may
develop into a gametophyte.
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Alteration of Generations.—In the

chantia there are two distinct generations.

story of Mar
gametophyte:

duced.

is in which gametes (sperm and
m unites with the eerer formin

Fig. 314.

—

Marchantia polymorpha. 1. Thalloid body of Female Gametophyte
with archegonial receptacles (archegoniophores) in successive stages of develop-

ment, <ii, ao, b, c, d, <?,/. 2, 3, Upper and under views of archegoniophore when the

sporophytes are ripe. 4, 5, Stages in the development of the sporophyte. 6,

Young sporophyte enclosed by a perigynium. 7, Mature sporophyte shedding
spores. 8, Elater and spores. 9, Surface view of cells from wall of capsule.

(From Small after Kny.)

The oospore develops into a sporophyte which forms spores.

Each spore may develop into a gametophyte.

male gametophyte—sperm

female gametophyte—egg
oospore—sporophyte

spores

male gametophyte

female gametophyte
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Musci or Mosses

Plants found on the ground, on rocks, trees and in running

water. Their life histories consist of two generations,

Fig. 315.

—

Sphagnum acutifolium, Ehrb. A, prothallus (pr), with a young leafy

branch just developing from it; B, portion of a leafy plant; a, male cones; ch, female

branches; C, male branch or cone, enlarged, with a portion of the vegetative

branch adhering to its base; D, the same, with a portion of the leaves removed so

as to disclose the antheridia; E, antheridium discharging spores; F, a single sperm;

G, longitudinal section of a female branch, showing the archegonia (ar) ; H, longi-

tudinal section through a sporogonium; sg l
, the foot; ps, pseudopodium; c, calyptra;

sg, sporogonium, with dome of sporogenous tissue; ar, old neck of the archegonium;

J. Sphagnum squarrosum Pers.; d, operculum; c
9
remains of calyptra; qs, mature

pseudopodium; ch, perichaetium. (Gager, from Schimper.)

gametophyte and sporophyte similar to the liverworts but differ

from liverworts, generally, by the ever-present differentiation of

stem eaves, and
'
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formation

shoot. They are either monoecious, .when both kinds of sexual

same

the antheridia and archegonia arise on different plants.

Order 1.

—

Sphagnales, or Bog Mosses, including one

family, Sphagnacea with the single genus, Sphagnum which has

many mosses ofswampy

habit whose gametophytes grow

stems

repeating their growth periodically

while

j and form peat, hem

name of Peat Mosses Peat

in a dry state is used as fuel. The

peat mosses possess a ema

which differs from that of other mosses

in being thallose and bearing a resem-

blance to the prothallus of a fern.

The leafy stem ends in a three-angled

apical cell and bears a branch at every

fourth leaf. The branches divide to

form The an-

small

in the leaf axils, each one consisting of

a slender stalk and a globular capsule.
Fig. 316.—Surface view of

stems

egoma arise on the leaiy tips oi^ rf
• ^ rf ^^

The zygote gives rise to the
palus(re showing reservoir cell <r)

;

transverse bands that preventSporophyt

a small stalk and a spherical sporan- cells from coiling W ;
pores

. , .., . . . ff ^„ in reservoir cells (p) ; and green

gium the end of which splits ori as a ^ containing chlorophyii (g).

lid to allow the spores to escape.

A number of species of Sphagnum have been employed in

surgery as absorbents in place of gauze. For this purpose they

must
mosses

on the presence of large chlorophyll-less cells the walls of

which have pores and are supported by spiral or ring-like

thickenings. These cells absorb water by capillarity. Between
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these empty cells are elongated narrow cells containing

chloroplasts.

Order 2.

—

Andre^eales or Rock Mosses consisting of one

family, Andreceacea with the single genus Andrecea^ of xerophytic

habit, occurring on siliceous rock.

Order 3.

—

Bryales, or true mosses, comprising the most

highly evolved types of bryophytes. Examples: Polytrichum,

Funaria, Hypnum, and Mnium.

Life History of Polytrichum Commune (A Typical True
Moss) ,

—

Polytrichum commune is quite common in woods, forming

Fig. 317.—Protonema of a Moss. A, Early stages of germinating spores: z>,

vacuole; w> rhizoid; j, spore wall or exosporium. B, Developed protonema

about three weeks after germination; h, primary filament; k, bud and w, rhizoid.

The bud develops into a gametophytic plant. (After Sachsfrom Small.)

a carpet-like covering on the ground beneath tall tree canopies.

It is dioecious, the plants being of two kinds, male and female.

Beginning with a spore which has fallen to the damp soil, we
note its beginning of growth (germination) as a green filamentous

body composed of chloroplast-containing cells arranged end to

end. This is called a protonema. This protonema soon becomes

branched, giving rise to hair-like outgrowths from its lower por-

tion called rhizoids and lateral buds above these which grow into

leafy stems bearing rhizoids at their bases and which are com-

monly known as "moss plants." At the tips of some of these

leafy stems antheridia (male sexual organs) are formed while on

others archegonia (female sexual organs) are developed. The leafy
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the male plant can readily be distinguished from that of the

female plant by its cup-like shape and orange color. These

Fig. 318.—Hair-cap moss (Polytrichum commune). A, male plant; B, same,

proliferating; C, female plant, bearing sporogonium; D, same; g, gametophyte; s,

seta; c, capsule; 0, operculum; a, calpytra; £, top view of male plant. (Gager.)

organs are surrounded at the tips by delicate hairy processes

called paraphyses as well as leaves for protection. The antheridia

bear the antherozoids, the archegonia, the eggs or ova, as in

the liverworts. When an abundance of moisture is present, the



428 PHARMACEUTICAL BOTANY

from the antheridia. swim
urn

ing the egg by uniting with it. com
gameto generation. The fertilized egg now undergoes

Fig. 319.

A B

Fig. 320. Fig. 321.
Fig. 319.—Vertical section through summit of male gametophyte of a Moss.

Mnium hornum (X 40) an, Antheridia; par, Paraphyses.

Fig. 320.—,4, Antherozoid of Moss (X 1,200); B, Antherozoid of fern (X 700).
Fig. 321—Funaria.—A, Apex of female gametophyte with archegonia. B,

Neck of archegonium, showing mode of separation of the cap cells. C, Immature
archegonium. (From Small after Sachs.)

division until summit
capsule, is finally produced, this entire structure being known as
the sjmmgcmium. The base of the stalk remains imbedded

onium
forms afoot growm

the sporogonium ruptures the neck of the archegonium and
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carries it upward as the covering of the capsule, or calyptra.

The calyptra is thrown off before the spores are matured within

,'P

Fig. 322. Fig. 323

Fig. 322.

—

Funaria hygrometrica. A, Young sporophyte (c) attached to gameto-

phyte (g). B, Adult sporophyte with seta (s) and capsule (/"); gametophyte (g) f

the calyptra (o). C, Vertical section of capsule (X 80).forms

Annulus

(0; Sporogenous layer (s). {From Small, after Prantl.)

Fig. 323.—Surface view of peristome of Funaria, after removal of operculum.

p y peristome tooth. (After Small.)

the capsule. The upper part of the capsule becomes converted

into a lid or operculum at the margin of which an annulus or ring of

thick-walled cells forms. Attached to the annulus by their bases

Spore Protonema< \Antherldium>^ ^>Ferti It zed—Sporophyte -Spore
Female plant Archegonium—Egg^ «S8

Fig. 324.—Diagram of the life history of a moss. (After Atwood.)

are a number of long triangul

peristome. The cells of the annu hygr
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at maturity, throwing off the lid. The peristome teeth are very

hygroscopic. During rainy weather or when the atmosphere is

very humid they bend inward preventing the escape of the spores.

During dry weather they straighten out and in this process lift

out some of the spores and allow others to sift out from the cavity

of the capsule. This completes the asexual or sporophyte

generation. The spores falling to the damp soil germinate into

protonemata, thus completing the life cycle in which is seen an
alteration of generations, the two phases, gametophyte alternat-

ing with sporophyte.



Chapter XX

THE PTERIDOPHYTES

The Pteridophytes or Vascular Cryptogams constitute the

third great division of the Plant Kingdom. They include the

plants known as ferns, horsetails or scouring rushes, club mosses

uillworts. These are the most highly developed crypto

gams, showing not only a distinct alternation of generations in
T

their life histories, but a considerable structural advance over

the Thallophytes and Bryophytes. They differ

phytes (1) by the sporophyte becoming an independent plant

which shows differentiation into true root or roots, stem, and

leaf or leaves each of which possesses a well organized vascular

bundle system, (2) by theT gametophyte body or prothallus

nourishing the young sporophyte only until the latter has

produced ifs~own root and leaf after which the gametophyte

perishes, and (3) by presenting large, conspicuous sporophytes

and very small gametophytes.

Pteridophytes formed the chief vegetation of the earth during

the Carboniferous period.

The Pteridophytes are grouped into three classes, viz.:

Class L Filicine^e or Ferns.

Class II. Equisetine.e or Horsetails.

Class III. Lycopodine^:, the Club Mosses and

Quillworts.

The Ferns

The ferns, constituting the class Filicinetz, represent the largest

ams

Ferns occur in a variety of situations in tropical and temperate

countries. Most of them prefer damp, shady places. Some

grow in forests and helds, othei

others in water. In the tropics,

form, possessing long erect trunks bea

crown of compound leaves called fronds

431

some ferns become

summit

temperat
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stems or rhizomes from

fronds arise.

Fig. 325.

—

Dryopteris marginalise a fern whose rhizome and stipes constitute the drug,
American Aspidium.

main axis of the maj

stem

various nodes bears rootlets below fronds above. These

fronds are highly developed, each being provided with a petiole-
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like portion called a stipe which is extended into a lamina usually

showing a forked venation. Some ferns possess laminae which

are lobed, each lobe being called a pinna. If a pinna be further

divided, its divisions are called pinnules. In some ferns the

pinnules are further subdivided into secondary pinnules, as in the

"brake" or "bracken," Pteris aquilina. The unfolding of a

frond is circinate and it increases in length by apical growth.

On the under surface or on the margin of the laminae, pinnae, or

may be seen small

membrane

indusium. Each sorus consists of a number of sporangi

_eveloped from epidermal cells. In some ferns the entire

becomes a spore-bearing organ (sporophyll). Many
marg

called the annulus. Each cell of the annulus has a U-shaped,

thickened cell wall. Water is present within these cells and when

it evaporates it pulls the cell walls together, straightening the

ring and tearing open the weak side. th

sporangium. Upon coming

amp earth, each spore germinates

green septate filament called a proton becomes

numerous

prothallus. It develops on its

male organs and archegonia or female

Within the antheridia are

motile, many ciliated sp

within the archegonia. The many ciliate sperms escape from

moving

chemotaxic infl

archegonia of another prothallus, pass down the neck canals of

these and fuse with the ova, fertilizing them. The fertilized

„ .. ^onnrp H,Virles and redivides and soon becomes differ-

first leaf, root, and foot. The foot obtains

nourishment from
becomes

Unequal growth and division of labor continue until a highly

mature

In some species of ferns as the Cinnamon Fern (Osmunda

cinnamomea) and the Sensitive Fern (Onoclea sensibilis), two kinds
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of fronds are produced, sterilefronds which represent green foliage

leaves andfertilefronds which contain little or no chlorophyll and

bear clusters ot sporangia.

There are two sub-classes of Filicineae, viz.

:

Sub-class Eusporangiat/e, including ferns like Ophioglossum

or adder's tongue and Botrychium or moonwort in which the

sporangium originates from a group of epidermal cells and

Fig. 326.—Fern leaves, showing various degrees of subdivision or branching of the

blade. A, Phyllilis; B, Polypodium; C, Pteris; D, Adiantum. {From Gager.)

contains similar spores, the latter giving rise to prothallia which
bear both antheridia and archegonia.

Sub-class Leptosporangiat^ which include most of the

common ferns and the water ferns. In these the sporangium

develops from a single epidermal cell. Most of them have
sporangia containing similar spores but the water ferns are

heterosporous.

Order 1.

—

Filicales or True Ferns (Homosporous)

Family Cyatheace^.—Mostly tree-like ferns of the tropics

and subtropics possessing sporangia with a complete annulus.
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from
of Cibotium glaucum, C. Barometz, Alsophila lurida, and other
members of this family growing in Java and Sumatra have been

names a

Family Polypodiace^e.
—

sporangium possesses a vert

il hemorrhages

en Moss."

family the cap

incom

Fig. 327.—Cross section of the main axis or rhizome of the common brake,

Pteris aquilina. X 8. ep, epidermis; scl, sclerenchyma fibers in hypodermis; b,

xylocentric vascular bundles; sclb, sclerenchyma band composed of lignified fibers;

r, lateral ridges; pa, parenchyma; x, xylem; si, sieve tissue (phloem) ; end, endodermis;

ph, phloem of a vascular bundle.

the mature sporangium transversely. ]

more common land ferns of temperate

most

Outstanding

Adiantum

family are Pteris or brake, Polypodium

mai Aspl or spleenwort, ipt

Camptosorus or walking leaf, Polystichum or Christmas

r cliff brake and Phegopteris or beech fern.

rhizomes and stipes of Dryopteris Filix-mas and Dryopt

marginalis are valuable tape worm remedies,

species are official under "Aspidium" in

vascular bundles of the stems and leaves <

the U
former

. The

4

I
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ferns are concentric in type but differ from the concentric vascular

bundles of the stems and leaves of some monocotyledons in that

xylem is innermost and phloem surrounds the xylem. This kind

of concentric bundle is called a xylocentric bundle. For further

details on fern structure see Chapter IV. The dried fronds of

the native Adiantum pedatum and of the European A. Capillus-

Veneris are used in domestic medicine as a demulcent expectorant

in the form of syrup or infusion.

Family Osmundace^.—This family is characterized by

having short sporangia, the annulus of which consists of a group of

Fig. 328.

—

Cyrtomiumfalcatum. Under (dorsal) surface of a portion of a sporophyll,

showing the numerous sori on the pinnae. (Gager.)

thick'walled cells near the apex on either side of the wall of the

becoming gradually thinner

splits open longitudinally.

sporangium, the rest

walled. The mature mm
North America

species of which, 0. regalis, the royal fern, 0. cinnamomea, the

0. claytoniana, the interrupted fern, occurcinnamon

locally. rhizomes and stipe bases of the last named
mm

Order 2.

—

Hydropterales or Water Ferns (Heterosporous)

Family Salviniace*:.—Floating ferns with broad floating

ubmerged

microsporangia and me
1 he microsporangia contain microspores which give rise to male
prothallia. The megasporangia contain megaspores which
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develop female prothallia. Examples: Salvinia. Marsilea or the

Water Shamrock, and Azolla.

The Horsetails

The Equisetinece, commonly known as the Horsetails or Scour-

ing Rushes, are perennial herbs with hollow, cylindrical, jointed

and fluted stems, sheath-like whorls of united leaves and terminal

cone-like fructifications. Their bodies contain large amounts of

silicon, hence the name scouring rushes. Only 25 species exist

today and all of these belong to the genus Equisetum. These

are believed to represent degenerate descendants of tree-like

Horsetails, fossils of which have been found in coal-bearing rocks

of the Carboniferous period.

In some species of Equisetum the fruiting cone is borne on the

ordinary aerial stem, in others on a special stem of slightly

different form. The spores are provided with ribbon-like

appendages called elaters, which, being hygroscopic, coil and

uncoil with increase decrease in the amount of moisture

present, thus aiding in the entanglement of the spores into small

masses so preventing

the dioecious character of the prothallia which they originate.

Life History of Equisetum Arvense, A Horsetail

Equisetum arvense, a frequently occurring species along railroad

embankments but also in fields, may be taken as a type form of

the group. Like other horsetails its life history involves an

ame
*

the more

sporophyte consists of a subterranean, horizontally-

main

mi

upper surface 2 kinds ofjointed, hollow shoots dft

The sterile shoots are green and bear whorls of shortened, green

branches from their upper nodes and scale-like leaves from

lower nodes. Theirs is the work of manufact

plant. The fertile shoots are nearly or com

chlorophyll and beai

terminate in a cone.

devoid of

The central stalk of this cone is a prolonga-
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tion of the shoot axis and bears numerous whorls of sporophylls.

Each sporophyll consists of a short stalk and a disk; the latter is

arranged in peltate fashion on the end of the stalk and bears a

number of sporangia on its lower surface. Within these sporangia

are produced numerous spores which are liberated upon the

N N
p'

Riri.*

Fig. 329.

—

Equisetum arvense. P, sterile branch; P\ fertile branch with strobilus,

or cone; R, rhizome (underground); T, cross-section of cone, showing insertion of

sporophylls in a whorl; jV, JV*
1
, sporophylls with pendant sporangia; S, S l

9 S*, spores

with coiled elaters (el). (Gager.)

I

ripening of the sporangia. While alike as to size, some of them
give rise upon germination to male prothallia, others to female

prothall

plants.

ame
male prothallia produce antheridia along- the mar

ciliated antherozoids are found.

mature, numerous many
female Droth^lli^ nrnHnr
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flask-shaped archegonia on the prothallial cushion each of which
contains an egg. Both kinds of prothallia bear absorptive rhizoids

on their lower surace. The antherozoids, liberated from the

antheridia of male prothallia, swim to the archegonia of neigh-

boring female prothallia, enter their mouths, pass down their

neck canals and gather about the eggs. In each instance the best

adapted one fertilizes the egg. The fertilized egg (oospore)

develops into an embryo which through continued growth becomes

a mature sporophyte plant.

The Club Mosses

The Class Lycopodinece or club mosses consists of small peren-

nial, vascular, dichotomously-branched, trailing, evergreen

herbs with stems thickly covered with awl-shaped leaves. They
are represented, today, by over 900 extant species. These are

relatives of giant tree-like species of club mosses such as Lepido-

dendron and Sigillaria which with the giant horsetails and ferns

formed the chief flora during the Coal Age. They differ from

ferns and horsetails in possessing a suspensor, like seed plants, in

their early sporophyte stage and in having biciliate sperms.

Except in a few instances the sporangia are borne on sporophylls

crowded together and forming cones or spikes (strobili) at the

ends of erect branches or as lateral branches. The spores found

within the sporangia are either alike or unlike in size, hence the

plants are either homosporous or heterosporous. In heterospory the

small spores give rise to male gametophytes and the large spores

to female gametophytes.

Family I.

—

Lycopodiace^, including the single genus

Lycopodium with widely distributed species. The group is

homosporous. The spores of Lycopodium clavatum are official.

Life History of Lycopodium Clavatum.—This species of

club-moss thrives in temperate and sub-tropical forests of both

hemispheres and yields a light-yellow, mobile powder consisting

of spores. This powder is of value in pharmacy to prevent the

adhering of suppositories, pills, etc., and in medicine as a protec-

tive to tender surfaces. When examined under the microscope

the spores appear tetrahedral with one convex and three plane

surfaces. The outer wall (exosporium) of each is reticulated,
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Fig W.-Lycopodium clavatum L. A, portion of sporophyte plant showing
habit (natural size); a, foliage leaf; b, sporophyll, with kidney-shaped sporangium

base

prothallus of another species. When the
cut and dried, and the spores separated by i

sieving through flour-sieves. {After Luerssen.)

iporophylls

They are freed from debris by
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meshes

straight sides. In nature, these spores, falling out of the ripe

spore cases, germinate on moist soil, each producing a fleshy

prothallus which is submerged in its lower portion and exposed

above ground in its upper part. This structure has antheridia

-m*c,sp

/neg.spt—

r

VI >

Fig. 331.—Selaginella Martensii. a, vegetative branch; b
y
portion of the stem,

microsporangi

and

phylls; d, microsporangium with microsporophyll ; e, microspores;/, portion ot wall

of sporangium, greatly magnified; g, megaspore; h, microsporangium opened, and

most of the microspores scattered; i, megasporangium, with megasporophyll; k,

same (Gager.)

and archegonia imbedded in its upper end and shows elongations

epidermal

from mature

burst open during wet weather and liberate biciliate anther ozoids.

mature archesronium

sperms) swim to the mouth of the archegonium

ovum
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One of these fertilizes the ovum forming an oospore {zygote).

The oospore begins to divide and ere long develops into an

embryo which soon becomes differentiated into foot and shoot

regions. The foot absorbs nourishment from the prothallus, for

a short time, until the first root commences to function. The
shoot elongates carrying the first leaves above the soil and giving

rise to the first root or radicle at its base. Through continued

growth and differentiation a mature sporophyte is developed which
consists of a creeping, prostrate, dichotomously branching stem

covered with crowded, light green, linear, awl-shaped, and
bristle-tipped leaves and bearing several ascending fertile,

branches which terminate in one or two spikes. Each of these

spikes consists of a slender axis bearing numerous more or less

deltoid, bristle-tipped scales, each one having a kidney-shaped

sporangium at the base of its upper surface containing numerous
spores.

Family II. Mosses)

tropical. Plants similar in habit to the Lycopodiacea

greater

microspores and megaspores, hence showing heterospory.

microspores are formed in microsporangia which are borne
microsporophylls, the megaspores in me

m (See Fig. 331.) The microspores prod
rn^le prothalli and the megaspores, female prothalli or gameto-
phytes. The selaginellas anFbeautiful moss-like plants cultivated

for ornament. One of them, Selaginella lepidophylla, a native of

Mexico, is a "resurrection plant," curling up if allowed to dry
and, when apparently dead, capable of being revived in water.

Family III.

—

Isoetace^: (Quillworts) including the single

genus Isoetes whose species are plants with short and tuberous
stems giving rise to a tuft of branching roots below and a thick

rosette of long, stiff, awl-shaped leaves above. They produce
microspores and megaspores and so show heterospory.



Chapter XXI

THE SPERMATOPHYTES

om
It includes all plants which produce real flowers and seeds. The
older name for the group is Phanerogamia. In this group the

sporophyte attains its greatest development while the gameto-

minute

phyte. Tl

sions based

arasitic on the sporo-

ma
nma

or enclosed within a seed vessel or pericarp^

Subdivision I.

naked seeds.

Subdivision II.

covered seeds.

mnospermae (Gymnosperms)—plants with

mae (Angiosperms)—plants with

The Gymnosperms

The Gymnosperms comprise an ancient and historic group of

seed plants which were more numerous in the Triassic and Car-

boniferous periods than now. They differ from the Angiosperms

in several respects, viz.: they bear naked ovules on the edges or

flat surfaces of leaves called carpels, while Angiosperms bear

covered ones; each megaspore produces within itself a bulky

rothallus
2
in the upper portion of which originate ojie or more

archegonia, while in Angiosperms no recognizable prothallus has

been proven to exist; the stored food tissue within their seeds is

prothallial tissue loaded with starch, etc., while that in Angio-

sperm seeds (endosperm) is developed from the endosperm

nucleus; the mode of growth of their stems is always indefinite

while that of Angiosperms is either indefinite or definite.

The groups still extant are the Cycads or Fern Palms, the

Gnetums^_the Ephedras, the Ginkgos and the Conifers. Of
these the Conifers comprising over 300 species are the most

numerous. Many of them yield valuable products to pharmacy

and the arts.

443
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hemlocks

hamaecypa All of

numb
drops its foliage upon the advent of winter.

Fio. 332.—The White Pine (Pitms Strobus).

Life History of a Gymnosperm (Pinus Strobus)

Northern

The White Pine frequently called the Weymouth I

Strobus)
, one of the principal timber trees of the

States and Canada, is also of value in pharmacy and medicine.
The inner bark of its trunk and branches is used because of its

valuable expectorant properties and is official in the National
Formulary.
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Description of the White Pine Tree (Mature Sporophyte)

From an underground spreading root system there arises an

erect aerial trunk or stem that extends from the ground to the apex

of the tree, ending in a terminal bud. The trunk rarely exceeds

3 feet in diameter and 125 feet in height and is averagely !)-£ to

Fig. 333.—Transverse section of white pine stem of four years' growth, showing

cork (a), cortex (b), phloem (c), cambium (d), xylem (e), secretion reservoir (/),

pith (g) and medullary-ray {h). (Photomicrograph.) X 16.

iameter and 50 to 90 feet high. At a varying distance

above the soil, depending upon environal conditions as well as

(three

are seen emanating from

various c. These become, unde:

grown in the open, grad

summit
pyramid These
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branches give rise to other branches which agree with the lateral

branches in ending in terminal buds. Another kind of branch,

however, is found which is always shorter than the former

branches. This

from the former

ch is called a "spur shoot" and arises

The spur shoots bear the needles or

^

Fig, 334.—Transverse Highly

magnified. pidermi

c, cuticle; r, oil reservoir;/?, colorless central parenchyma corresponding to the pith

of the stem; w, endodermis; x, xylcm and ph, phloem of collateral vascular bundles.

The xylem is composed of tracheids with bordered pores. The leaf shows xero-

phytic-centric structure.

foliage

mature. The "needles 5

in tufts {fascicles) of five, are triangular

have finely serrate (saw-toothed) edges and are surrounded at the

base by a deciduous sheath. These foliage leaves persist until

year, when they are

shoot which bears them
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most of its allies among

bears cones.
r

.

and carpellate.

staminate

same

Staminate Cones.—The yellow, ovate, staminate cones

mam
appear about May and are clustered at the base <

growth of the current season. Each consists of a

(modified branch) which bears spirals of scales called microsp

ophylls or stamens. On the under surface of each scale are t

Fig. 335. Austrian Below, before

shedding pollen; above, after shedding. (Gager.)

grains) .

sporangia), which develop the microspores (pollen

microsporangium

the interior a large number of spheroidal sp

mother

tapetum and in

re mother-cells.

>ores. During
r

this process, reduction division takes place and the chromosomes

are reduced to one-half the number, so that the spores are haploid

as those of the fern. Each pollen grain when mature consists of

a central fertile cell and a pair of air-sacs or wings, one on either

side of the fertile cell. greater

microspore
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Carpellate Cones.—The young carpellate cones appear in

May J as pinkish-purple structures arranged in

small

terminates car

composed of a main axis which bears spirals of scales, termed

Fig. 336.—Scotch pine (Pinus sylvestris). A+D, stages in the development of

pellate cone, and E, very young carpellate

cone much enlarged; F, ventral, G, dorsal views of a scale from E; 1, ovuliferous

rrucr

to the apex of the nucleus (megasporangium) ; 4, integument of the ovule; Gy

1, tip of ovuliferous scale; 5, bract; 4, integument; H, longitudinal section at right

angles to the surface of the ovuliferous scale (diagrammatic); 6, megaspore; 7,

pollen chamber; /, longitudinal section of a mature cone; 6, ovule; J, scale from

wing
f

coat; c, dry membraneous remains of the nucellus, here folded back to show the

endosperm and embryo; <r, embryo; />, remains of nucellus; L, embryo; c, cotyle-

dons; e, hypocotyl; r, root-end. (Gager.)

megasporophylls or carpels. Each megasporophyll is composed of an

ovuliferous scale bearing two ovules or megasori and a bract. Each

megasorus (ovule) is attached to the surface of the megasporo-

phyll. It contains a nucellus or megasporangium which is sur-

rounded by an integument, except at the apex where an opening,

the micropyle, is evident. The micropyle is the gateway to the pol-

len chamber which lies below it. Within the nucellus a single spore
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mother cell is formed form spores but only
one persists. This is called the megaspore or embryo sac. It

contains haploid chromosomes.

Description of the Gametophyte Generation

; Gametophyte generation of the White Pine besii

minates

unent of the male and female gametophyt

Fig. 337.—Mature carpellate cones of white pine showing separated scales.

The Male Gametophyte.—The male gametophyte com-
mences to form in the mature pollen grain before the pollen is

shed. A series of three nuclear divisions takes place which cut
off two small prothallial cells (traces of one of which may be seen

pushed up against the wall of the fertile cell of the pollen grain),

a tube nucleus and a generative cell. (See Fig. 338.) At this

stage the pollen is shed and some of it is carried by air currents

to the carpellate cones where it sifts in between the ovule-bearing

scales and accumulates at the scale bases. A number of the

pollen grains are drawn close to the nucellus of the ovule by the

drying up of the viscid fluid which fills the pollen chamber. In this
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fluid they germinate forming pollen tubes. The transfer of

pollen grains from the pollen sac to the pollen chamber and

consequent germination therein is called pollination,

tents of a mature pollen-grain constitutes the male gametophyte

.

p

The con-

ST

p

Fig. 338.—Pine Pollen and development of pollen tube. In A the pollen grain

is shown containing prothallial cells (p). They have been cut off before the grain

was shed. The tube nucleus (T) has been divided off from the generative nucleus

In B the tube has been put forth and the tube nucleus has moved down into it.

Between the stages represented in B and C the generative nucleus has divided

to form a stalk nucleus (ST) and a body nucleus (B).

In Cfour nuclei are present in the pollen tube,—the tube nucleus (T), the stalk

nucleus (ST)
y
and the two sperm nuclei (£). The sperm nuclei have been pro-

duced by a division of the body cell, the latter having disappeared. (After Atwood.)

Female mbryo-sac be examined

time

surrounded bv cvtODlasm

Very

form a large numbe
sm mulates
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asm and ultimately

the entire embryo

microToward the

originate several archegonia.

contains endosp

r end of the

(prothallial) tissue,

losperm (prothallus)

tMicrppyle
*

m --

—

Pollen Tube

Antheridial

Cell

^ m~~- Nucellus

L Spongy

Tissue

-Megaspore

Fig. 339.—Longitudinal section of one-year old ovule of Austrian Pine showing
• 1 / 1 f aa' \
internal structure. (Mottier

9

onium consists of a much
embedded

which forms

of the mature embryo-sac constitutes thefemale gametophyt

.
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After pollination the carpellate cone gradually bends on its

ima

Fertilization.—About a year after pollination the pollen

chamber
activity. tube The

form

body and a stalk-cell which pass

into the tube. The body-cell

later forms two sperm nuclei.

While these changes are taking

place the tube is penetrating the

nucellus and growing toward the

emb sac with its contained

female gametophyte. It finally

enters it, passing between the

neck-cells of the archegonium.

The tip of the tube then breaks

and the entire tube contents is

em One
sperm

egg nucleus and fertilizes it form-

ing an oospore or zygote. The
oospore contains the diploid

Fig. 340.—-White pine (Pinus Strobus) . number of chromosomes.
Vertical section through the upper part

of an ovule, shortly before fertilization.

s.n., sperm-nuceli; st. c, stalk-cell; t.n.

Seed Formation and Dis-

tribution.—The oospore under-

tube-nucleus; arch, archegonium; e.n., g°^s repeated divisions and
egg-nucleus. (Gager, after Margaret C. forms the embryo or young sporo-
Ferguson.)

which it is attached.

phyte plant and *
rnbryo

forms

•erm tissue of the seed surrounding the embryo. The thin

erm
becomes modified to form

tion of the scale of the cc

integument

at. A por-

ovule forms a membranous wing which separates from
as part of the seed.
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time

the cone, now quite woody, separate, the seeds are shaken out,

many

Neck of
Archegonium

Endosperm

- Ventral Canal Cell

Egg

m .Jacket

Wall of

Megaspore

Fig. 341.—Austrian Pine (Pinus nigra). Longitudinal section of the upper end

of the endosperm showing two archegonia. The one at the right is mature and

ready for fertilization; that at the left is younger; the ventral canal cell is being cut

off. {Mottier.) .

Germination of the Seed.—Under favorable conditions, the

erminate

embdispersal. The hypocotyl of the

upward and downward, and, straightening out, draws the green

cotyledons with it, which spread out toward the light, while it
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Outline of Life History of Pinus Strobus

Oospore

i
Embryo (Young Sporophyte)—(see 1)

1
Seedling Sporophyte (Composed of hypocotyl, cotyledons,

i tap root, first leaf and bud)

Mature Sporophyte (see 2)

/ \
Staminate Cones (Modified branches) Carpellate Cones

I
Microspo

Mic

Microspore-mother-cell

Mic re

1
Male Gametophyte (see 4)

Pollination (transfer of pollen)

One of Sperm Nuclei

i
Megasporophylls (carpels)

Megasorus (Ovule) (see 3)

Megasporangium (nucellus)

1
Megaspore mother cell

1

Megaspore (Embryo sac)

Prothallus (Endosperm tissue)

i
Female Gametophyte (see 5)

1
Archegonium

Ovum—egg nucleus

(Fertilization)

Oospore

1

Embryo and "suspensor" in seed
*

1
.

, Embryo is in a seed structure composed of a seed coat (developed from the

integument of the ovule, "megasorus") enclosing perisperm (developed from mega-
sporangial tissue, the nucellus). The perisperm surrounds endosperm (prothallial

tissue developed in embryo sac) and within the endosperm is the embryo which was
developed from a fertilized ovule within one of the archegonia. The seed wings

are developed from a portion of the scale leaf (ovuliferous scale or megasporophyll).
• 2. Mature Sporophyte consists of a root system, trunk, lateral branches, spur

shoots bearing foliage leaves in fascicles. Staminate cones are borne at base of

new growth. Carpellate cones are borne at end of a lateral axillary branch.

3. Megasorus or ovule is composed of an integument surrounding the mega-
sporangium (nucellus) except at apex where the micropyle (opening) leads to

pollen chamber.

4. Male Gametophyte—consists of the mature pollen grain containing two pro-

thallial cells, a tube nucleus and a generative cell.

5. Female Gametophyte consists of prothallial tissue (endosperm) with several

archegonia, each containing an ovum. It is the mature "embryo sac."

*

•
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grows into the soil to form the tap root and in time the remainder

m formed

time develops into the mature White

Fig. 342.—Diagram of life-cycle of a pine. (From Gager after Schaffner.)

Classification of the Gymnosperms

The gymnosperms are grouped into

Order 1. Cycadales, the Cycads.

Order 2. Ginkgoales, the Ginkgos.

Order 3. Coniferales, the Conifers.

Order Gneturns

Order Cycadales

The Cycads or fern palms, the most primitive of the seed

plants, are represented by about 100 species of fern-like plants

that are believed to have been descended from the Cycadofilices, a

group of fossil plants which possessed the leaf characters of ferns

ovules Most of them

stem

summit

com leaves and scale leaves.

female cones are borne on different sporophy

ited by the genera Cycas, <<

male and

They are
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Life History of Zamia

£amia, a representation of the Cycads, possesses a plant body
or sporophyte which is short with a cylindrical erect stem con-

Fig. 343.

—

Cycas revoluta. The trunk of this cycad stores an enormous amount
of starch. It is one of the sources of Sago starch of commerce. Note the crown of
pinnately-compound leaves.

taining a large central pith which is surrounded by a circle of

open collateral bundles and by a broad cortex in whose cells

great amounts of starch are stored. The summit of the stem
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is crowned by a cluster

leathery texture.

compou leaves of a

Staminate Cone. staminate cone of Z\

emanating from the end of the stem

n

Fig. 344.—Mature sporophytes of&mia bearing staminate strobili (cones). X %.
(Photograph by F. J. Bacon.)

male plant {sporophyt Each consists of a central axis bear-

compactly arranged microsporophylls micros

bears on its lower surface a lar

Within each microsporangium sp

number *p

form 4 microspores {pollen
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Carpellate Gone.—The carpellate cone arises on a short

branch arising slightly from the end of the main stem of the female

plant. It consists of a fleshy central axis bearing peltate mega-

sporophylls. Each megasporophyll bears on the inner surface of

its expanded outer portion two megasori or ovules. Each mega-

sorus when mature consists of a megasporangium or nucellus sur-

rounded by a single integument^ the latter being perforated by a

narrow tubular opening or micro-

pyle leading to a small cavity or

pollen chamber at the end of the

~

nucellus. (See Fig. 348.)

Within the nucellus is devel-

oped one megaspore mother cell

B

PW*1** **«

A
Fig. 345.

—

A, staminate cone

Zamia. B
y

microsporophylls bearing ceU and a larger Cell.

which by division gives rise to 4

megaspores or embryo sacs. Only
one of these persists, the other

three perish.

Gametophytes.—The male

gametophyte begins to develop

from the young pollen grain

{microspore) while the latter is still

within the microsporangium. The
pollen grain divides to form 2

of
cells, a smaller one or prothallial

The larger

on their lower surfaces many micro- cell then divides to form a genera-
sporangia. {From "A Textbook of Gen- ^ ^ and a ^ ^ ^^
eral Botany3 by Smith, Overton et at.

Macmtilan Co., Publishers.) results a 3-celled, undeveloped

male gametophyte or mature pollen

These are liberated by the bursting of the wall of the

microsporangium of the now ripened male cone with its separated

microsporophylls, and are carried by winds. Some are carried to

the ripened carpellate cones of female Zamias. Some of the

pollen grains sift between the megasporophylls and come to rest

about the ovules. Some of them become caught in a mucilagi-

nous fluid at the outer end of the micropyle and are sucked into

the pollen chamber. Upon reaching the pollen chamber they

resume their development. Each pollen grain germinates

grain.
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size.

Fig. 346.

—

Zamia floridana bearing an immature carpellate strobilus. % actual

The starch obtained from the stem of this plant is known as Florida arrow-

root. {Photograph by F. J- Bacon.)

*
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through the elongation of its tube cell to form a pollen tube which

grows into the nucellus (megasporangium) . Then, the genera-

tive cell divides into a stalk cell and a body cell. The body cell

then divides to form 2 top-shaped antherozoids, each of which

bears many cilia along a spiral grove. The mature pollen tube and

its contents represents the male gametophyte of Zjamia.

A
**

c

B

>.

?

I

' p -

J D
Fig. 347.

—

A, mature carpellate strobilus (cone) of £amia. B, megasporophyll
bearing two megasporangia. C, lengthwise section of a young megasporophyll,
showing an early stage in the development of female sexual plants or megagameto-
phytes. D, similar section of a later stage; megagametophytes fully matured.
(From "A Textbook of General Botany" by Smith, Overton & Co. by permission from
Macmillan Co., Publishers.)

Thefemale gametophyte develops within the megaspore (embryo
sac) of the nucellus of the ovule by a series of nuclear divisions

of the remaining nucleus within the embryo sac, resulting in

many scattered nuclei within the cytoplasm. Cell walls are laid

down and many cells result, and the embryo sac increases in

othallus. The nucellus is encroached upon byP
game

nourishment is stored. An archegonial chamber appears between
the end region of the prothallus and nucellus, in line with the
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pollen chamber and micropyle. Two to six archegonia are

developed from the prothallial tissue just beneath the archegonial

chamber. Each archegonium consists of two neck cells protruded

into the archegonial chamber and a large ovum embedded in

the prothallus. The contents of% the mature embryo sac, therefore^

represents the female gametophyte.

Fertilization.—It will be recalled that at the time pollina-

tion was effected, the male gametophyte 1 had assumed the char-

Pollen Chamber /Integument Nucellus

Macrogametophyte'

Archegonial Chamber

Pollen Chamber

Nucellus

Pollen

Macrospores

Integument

Micropyle

Micropyle

Microgametophyte

Microgametophyte Macrogametophyte

**-*ess
Fig. 348.

—

Zamia. Stages in the development of a megasporangium and a

A, at the time when the macrosporesmacrogametophyte (megagametophyte)

.

(megaspores) are formed. B, after the germination of one macrospore to form a

macrogametophyte. C, at the time of gametic union. {From "A Textbook of Gen-

eral Botanf by Smith, Overton et al., the Macmillan Co., Publishers.)

I

acter of a pollen tube (see Fig. 348) containing a prothallial

cell, stalk cell, and two antherozoids which lay in the pollen

chamber. Several of these are usually present. Now

re mature

chamber The antherozoids

move about in the fluid of the chamber

some of these pass through the necks

uniting with each egg. The sperm nuc

egg nucleus forming a z

Seed Development.

forms a young sporophyte or embryo %
female gametophyte

one

through

rothallus) of the ovule. This, by the

becomes differentiated into a slender

1 Microgametophyte is another name for male gametophyte, and macrogametophyte

a synonym for female gametophyte
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suspensor attached to the anlage of the embryo which has been

pushed through the basal membrane of the egg deep into the pro-

thallus by the elongating cells of the suspensor. The embryo

lives as a parasite on the tissue of the female gametophyte. After

differentiation has proceeded in the body of the embryo to a

certain point, i.e. where two cotyledons or seed leaves and a central

axis consisting of a hypocotyl (part below the attachment of the

cotyledons) and an epicotyl (part above the cotyledons) have been

formed, growth of the embryo becomes suspended-

Nourishment is stored in the cells of the prothallus around the

embryo forming the endosperm. The integument undergoes

changes in its cells to form a firm seed coat consisting of a strong

and a fleshy layer surrounding the nucellus. The micropyle

persists as a tubular opening in the seed coat.

Germination of the Seed.—The mature seeds drop from the

megasporophyll of the mature cone to the ground and some of

them germinate. In this process the seed absorbs water. The
enzymes within its cells change the reserve or stored food within

the endosperm into water soluble substances which are converted

into new substances or protoplasm, as a result of which the

Outline of Life History of Zamia

Zygote

1
Embryo

i

Zygote

I
Embryo

i
Mature male sporophyte Mature female sporophyte

Microsporophyll

Microsporangium

i

i
Megasporophyll

Megasporangium

i
Microspore mother cell Megaspore mother cell

Microspore

i
Male gametophyte

i
Antherozoids

1
Megaspore

i
Female gametophyte

1
Ova

Fertilization

Zygotes (destined to develop into male and

female sporophytes)
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embryo grows. The hypocotyl, elongating, forces its way out

through the micropyle and arches downward into the soil, most

of it becoming the primary or main root. The upper part

becomes the stem. The cotyledons remain within the seed.

The epicotyl pushes its way upward and develops the rest of the

stem, also the green leaves of the seedling sporophyte. As

,:.-

***

. K JM

Fig. 349.—Ginkgo biloba, the Maiden-hair tree.

soon as the green leaves and the root with its absorbing root hairs

are developed, the seedling becomes an independent organism

develooing- either into a mature male or female sporophyte.

Order Ginkgoales

The Ginkgoales is represented by the single species, Ginkgo

biloba, the maidenhair tree, a native of western China and grown

extensively in China and Japan and the United States as an

ornamental tree. It possesses a straight trunk from which
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spring long shoots bearing scattered leaves and short shoots

wi more
2-lobed, with furcately-branching veins and deciduous. It

bears two kinds of cones (strobili) each kind on a different tree.

The staminate strobili occur in clusters on the short shoots, each
strobilus consisting of a central axis bearing a loosely arranged

stamens sporophyll stamen

bearing on its underside two or more

Fig. 350.—Inflorescences of the pine. Terminal

#

staminate cone; 4, two-year-old cone. (Hamaker.)

2. The ovulate (female) strobili arise from
of femal Each consists of an

elongated stalk bearing near its end two ovules each of which has a
small

resembles

megasporophyll mature, naked

*

inner stony layer.

Order Coniferales

stem

summit
giving the crown of the tree the appearance of a huge cone, rarely
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shrubs. families
•

Family and the Taxacece or Yew Family

ifi Trees or shrubs with resin-

comous juice whose wood is characterized by being
largely of tracheids with bordered pits. Leaves entire, awl- or

needle-shaped, frequently fascicled, exstipulate, usually ever-

Flowers, monoecious (Pines, etc.) orgreen.

(Juniper), achlam
dioecious

Staminate

number of microsporophylls (stamens)

stamen

comusually two pollen sacs. Carpellate cone

arranged scales, each of which bears a pair of naked ovules

megason Fruit a cone with

woody or fleshy scales (Pinus, Thuja, Abies, Picea, etc.) or a

(Juniperus albumi Embry
more

The following genera of the pine family are of especial

economic

Genus

Pinus

Picea

Abies

Larix

Tsuga

Pseudotsuga

Thuja

Juniperus

Sequoia

Cedrus

Common Name
Pine

Spruce

Fir

Larch

Hemlock
Douglass Fir

Arbor vitae

Juniper

Redwood
Cedar

Official Drug
Terebinthina

(Turpentine)

Part Used Botanical Origin

Concrete oleoresin Pinus palustris and

other species of

Pinus

Habitat
Southern United

States

Resina (Rosin) Resin

Oleum Tere-

binthinse

Pix Pini

(Pine Tar)

Volatile oil

Oleum Picis

Rectificatum

Pinus Alba

Pinus palustris and Southern United

other species of Pinus States

Pinus palustris and Southern United

other species of Pinus States

Product of destruc- Pinus palustris and Southern United

tive distillation of other species of Pinus States

wood
Volatile oil from pine tar

Inner bark Pinus Strobus United States

and Canada
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Official Drug Part Used
Oleum Pini Pumi- Volatile oil

Botanical Origin

Pinus montana
lionis

Juniperus

Oleum Juniperi

Pix Juniperi

Unofficial Drug
Sabina

Pix Burgundica

Terebinthina

Canadensis

Terebinthina

Laricis

Thuja

Oleum Abietis

(Oil of Siberian

Fir)

Tamarack Bark

Sandaraca

Dammar
Kauri Gum
Succinum

(Amber)

Bordeaux

Turpentine

Pix Canadensis

Oregon Balsam

Spruce Gum

Habitat
Tyrolese Alps

Fruit Juniperus

communis
Volatile oil Juniperus

North America,

Europe and Asia

communis
Empyreumatic oil Juniperus Oxycedrus So. Europe

Tops

Resinous exudate

Liquid oleoresin

Juniperus Sabina

Picea excelsa

Abies balsamea

Oleoresin Larix europaea

Leafy young twigs Thuja occidentalis

Vol. oil from fresh Abies sibirica

leaves

Stem bark Larix laricina

Resinous exudate Callitris

quadrivalvis

Resin

Fossil resin

Agathis australis

Pinites succinifer

Concrete oleoresin Pinus rnaritima

Oleoresin

Oleoresin

Tsuga canadensis

Pseudotsuga

taxifolia

Gum

Oil of Cedarwood Oil from wood

Hemlock Bark

Picea canadensis

Picea mariana

Picea rubra

Juniperus

Virginiana

Tsuga canadensis

Europe

Europe

Northern United

States and

Canada
Alps and

Carpathians

United States

and Canada
Russia and
Siberia

Cold swamps of

North America

Africa

Resinous exudate Agathis loranthifolia E. India

New Zealand

Basin of Baltic

France

North America

Western United

States and British

Columbia

Canada and New
England

North America

North America

Taxace^e or Yew Family.—Trees or shrubs with dark green,
evergreen, exs

hard, close-grained wood of a reddish-color. The flowers are

staminate globular with 4 to 8 stamens
having their anthers under a shield connecti've; *he
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pistillate consisting of a single terminal ovule with several

bracts at its base. The fruit consists of an erect bony seed

situated in a fleshy, reddish, cup-shaped disk, representing an aril.

B

C D E
Fig. 351.

—

Ephedra a member of the order Gnetales. A
y
branches with ovulate

strobili. B
9 branches with staminate strobili. C, ovulate strobilus. Z), an

ovulate flower. E
9
staminate strobilus with staminate flowers in the axils of bracts.

(From Watson.)

The leaves, seeds and bark of Taxus canadensis (American

Yew) and T. baccata (European Yew) contain the alkaloid,

taxin, which is poisonous to horses, cattle, sheep and pigs. The
fleshy disk (aril) surrounding the seed is not poisonous.
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*

I
5

j:

m

Fig. 352.

—

Ephedra sinica. A, entire plant. B
y
portion of a green aerial stem

from A
y
enlarged; n, node bearing two opposite scale-leaves (/); L internode. C.

terminal This species yields the

gathered in Northern China.

commerce
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Order Gnetales

comprise the single family

esemblance

angiosperms than do other gymnosperms

Fig. 353.—Cross section of a lower intemode of the green stem of Ephedra sinica,

a source of the drug Mahuang. r, ridge; note many of the ridges are papillated;

c, cuticle of epidermis; co, cortex; mf, mesocortical fibers; hf, hypodermal fibers; x,

xylem of an older (primary) bundle which has undergone secondary thickening;

p, pericyclic fibers just beneath which is phloem, ca, cambium; sx, secondary xylem;

Px, end of protoxylem ; ph, phloem of a secondary bundle; td, tracheids with bordered

pits; tr, trachea; m, pith. Note the narrow medullary rays separating the open

collateral bundles.

Gnetum familyFamily Gnetacea. The

Ephedra, Welwitschia and Gnetum, each genus representing a ainer-

ent type of plant. The Ephedras include about 30 species of

warm

hemisphere, a number

me Wei
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contains the single species Welwitschia mirabilis^ a low growing

plant of arid regions in southwest Africa. The genus Gnetum

climbers

hem Gnetum
family

Stems either unbranched and tuberous (Welwitschi

nched and shrubby (Ephedra) or often climbing (Gnetum

St

or

tr

Fig. 354.—Transverse section through the outer region of a representative

portion of the stem of Ephedra stnica. X 400. cy
cuticle; ep

9
epidermis; A, hypo-

dermal fibers; ck> chlorenchyma of cortex, the outer layers of which are palisade-like;

/, mesocortical fibers; td, tracheids and tr, trachea of secondary xylem; si, stoma.

*

possessing open-collateral fibrovascular bundles. Resin canals

are absent while true vessels (tracheae) are present in the second-

ary xylem (distinction from conifers). Tracheids also occur in

the xylem. Internodes and nodes are conspicuous in Ephedra

and Gnetum. Leaves usually small, often reduced to scale-like

structures and arranged in opposite or verticillate fashion.

Flowers nearly always dioecious and exhibiting a membranous

perianth of 2- to 4-bracts. Perianth of male flowers surrounding

2 to 8 stamens. Female flowers showing an erect ovule with 1 to
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2 integuments and a bract-like perianth. Fruit in Ephedra a

reddish, somewhat globular, galbulus-like structure (syncarp).

Seed albuminous, the embryo with two cotyledons imbedded in

endosperm.

The drug Ephedra consists of the green stems of Ephedra

sinica, Ephedra equisetina, E. distachya, E. Gerardiana or other

species of Ephedra containing the alkaloid ephedrine. These
species are largely Asiatic in distribution. The United States

Pharmacopoeia recognizes the alkaloid ephedrine and two of its

salts, ephedrine sulfate and ephedrine hydrochloride. Prepara-

tions of these are official in the National Formulary. Ephedrine

and its salts are used locally to shrink mucous membranes in

colds and as a mydriatic. They are given internally for bronchial

asthma, and certain circulatory conditions.

The Angiosperms

The angiosperms comprise a large assemblage of seed plants

which are more highly developed than those of the preceding

group. Like the gymnosperms they possess flowers with sporo-

phylls (stamens and carpels), but the floral axis has been

shortened so that the sporophylls and the accessory floral leaves

(sepals and petals), when present, are brought closer together on

the axis, instead of being separated at strikingly different levels

along the axis. The ovules, instead of being borne naked on a

scale, are enclosed within the ovary and the seeds are covered

by the ripened wall of the ovary which is called the pericarp or

seed vessel.

Life History of an Angiosperm (Erythronium)

This attractive little plant, commonly called the Dog's Tooth

Violet but related to the Lily, is found in the hollows of woods and

may be seen in flower during the month of April in the Middle

Atlantic States. It consists of an underground stem bearing

scales (modified leaves) which is termed a bulb. From the lower

surface of the bulb are given off numerous slender rootlets which

penetrate the soil and from the upper surface, a pair of oblong,

lance-shaped leaves of pale green color mottled with purple and

white, and later, aflower stalk (scape), which bears upon its sum-
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mit a single, yellow, nodding flower, which is often marked
purple stripes. ^ptacle

will be observed as the upper swollen end of the flower stalk

(scape). from periph

com

center, will be noted four whorls of floral leaves which, in order,
are calyx, corolla, andrcerium and gynoecium. The calyx is

of three lance-shaped and recurved, yellow parts called sepals,

the corolla of three similarly looking parts called petals whicl

Fig. 355.—Dog's tooth violet {Erythromum americanum) . Stages of development
from the seed.

years
Full explanation in the text. 6, Bulb showing a surface bud (the sprout has been
destroyed). (Gager after F. H. Blodgett.)

alternate in position with the sepals. Both of these whorls are
collectively called the perianth or floral envelope. The
androecium or male system of organs is composed of two whorls

x

amens. There

stamens

sporophyll

are

will be found opposite the sepals while the inner will be observed
opposite the petals. Each stamen (mic

an awl-shaped stalk or filament bearing upon its summit an
oblong-linear body called an anther. The anther consists of two
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lobes called microsori. Each lobe or microsorus contains two
»

anther sacs or microsporangia in which, when mature, are to be

spores or pollen grains In the center of the flower will

gynoecium or female system This, upon

dissection, will be found to consist of three fused carpellary leaves

termed megasporophylls (carpels) forming a somewhat flask-

pistil. The swollen basal portion of the

.

j

Fig. 356.—Cross section of the ovary of a lily formed by the coalescence of the

rmislower portions of three carpels. X 70. s, dorsal sutures; ep, epid

epidermis; b bundle in mesophyll; /, locule; ov, ovule (anatropous)

;

pi, infolded edges

formi

from

style and the knob-like viscid summit of the style is termed

the stigma.

Microscopical examination oi sec

) be composed of three chambers

which are Each of these

ovules is developed upon a nourishing tissue termed "placenta

ovules

locule. composed of a central prominent
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sporangium or nucellus which is almost completely invested by two
upgrown The opening between the

integument is called the micropyl

This is the gateway for the entrance of the pollen tube on its way
to the nucellus. It is also the exit door for the hypocotyl of the

embryo after the fertilized and ripened ovule becomes a seed.

Within the nucellus, if the sections examined have been properly

fixed, will be found a megaspore or embryo sac.

The megasporangium or nucellus is formed from a mass of

meristem on the placenta. While in the state of differentiation,

i megaspore mother cell. Its nucleus

chromosomes)

number of chromo
somes from the diploid (2x) to the haploid (x) number occurs. The
x number persists in the ovum or egg.

Development of the Female Gametophyte through the
Maturation

ing a nucleus.

In its immature
spore) contains a mass of protoplasm

This nucleus undergoes three divisions forming,
as a result, eight nuclei which ultimately arrange themselves
within the protoplasm of the embryo sac as follows : three of them
occupy a position at the apex, the lower nucleus of the group
being that of the egg or ovum, the other two nuclei being the
synergids or assisting nuclei ; at the opposite end of the sac three
nuclei known as antipodals take their position: the two remaining

embryo
polar

the female gametophyte. [See Fig. 358 (1-8).]

embryo

Maturation of the Pollen Grain and Formation of the
M

lhe pollen grains (microspores), within the anther sacs, all

arise from a number of tetrads (groups of four) which are formed
by the division and redivision ofpollen mother-cells preceding them.
The pollen mother cells like the rest of the sporophyte generation
contain the diploid or 2x number of chromosomes. During
their division to form tetrads a reduction division occurs which
reduces the chromosomes to the haploid or x number. This
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number continues into the sperm nuclei. Each pollen grain,

after the tetrads have separated into their components, consists of

an outer firm wall or exosporium, an inner wall or endosporium,

within which will be found the region called ihefovilla, which is

asmic

nothing other than a mass of protoplasm containing a m
Before the pollen is shed from the anther, its protop

contents undergo a series of changes leading up to the develop-

ment of the male gametophyte. The nucleus and protc asm

form

Stomium

Mechanical Cells,

Endothecium

Broken Down Partition

between Microsporangia

Exine

Intine

—

Generative Cell'

Tube Cell

Germ Pore

Fig. 357. anther The layer of

mis

pollen sacs. {After Sachs.) B, Section of a pollen grain, diagrammatic. (M«

containing a generative nucleus, the other a tube cell containing

a tube nucleus,

two sperm nucl

disappears. In

form

mic

gametophyte. (See Fig. 220.)

Pollination and Fertilization

mature pollen grains are discharged from

through They are trans-

tigma of the pistil of another Erythronium flower

through the agency of insects. Here they germinate, each put-
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ting forth a tube (pollen tube). The pollen tubes, each carrying

sperm nuclei and a tube nucleus embedded

asm
micropyles of various ovules. Each enters and passes through

a micropyle, then piercing the nucellus, grows d the

embry
sperm

tube fuses with the end of the embryo

ei are discharged into the sac. One

Fig. 358.—At the left, diagram of the anatomy of an angiospermous flower

shortly after pollination; anth., anther; //., filament; st., stamen; stig., stigma;

p.g., pollen grains germinating; sty., style; pt., pollen tube; o.w., ovary wall; o.

ovule, containing embryo-sac; pet., petal; sep., sepal. 1-8, Stages in the develop-

ment of the female gametophyte (embryo-sac); meg.sp., megaspore-mother-cell;

i.i., inner integument; oi., outer integument; fun, funiculus; ckaL, chalaza; nit.,

nucellus (megasporangium) ; emb., embryo-sac. All diagrammatic. (Gager.)

of these sperm nuclei (containing x chromosomes) passes between

the synergids and fuses with the nucleus of the egg (containing x

chromosomes) to form an oospore or zygote in which the 2x number
of chromosomes found in the sporophvte of the soecies is restored.

time the tube nucleus has disintegrated r/»

repeated divisions develops into as many as four embryos or

young sporophyte plants. Only one of these, however, persists.

The polar nuclei fuse to form the endosperm nucleus which soon
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undergoes rapid division into a large number of nuclei scattered

about through the protoplasm of the embryo sac. Later cell

walls are laid down and endosperm is formed. The endosperm

cells soon become filled with abundant starch which is later to be

utilized by the embryo during germination.

Ripening of the Ovule to Form the Seed and of the Ovary
to Form the Fruit

When the embryo and endosperm are being formed, the

ovule enlarges and its integuments become modified to form a

mbry

endosperm surrounding

ovules, has bv this time

form

seeds.

Development of the Mature
Sporophyte

The seeds are fully developed by June or July when the cap-

sule or fruit splits open to discharge them. They fall to the

ground and lie dormant until the following spring when they

germinate or commence to grow. Each seed absorbs water from

the ground which stimulates the ferment amylase, contained in

the endosperm cells, to break up the insoluble starch into soluble

sugar which passes into solution and diffuses into the cells of

the embryo, where the protoplasm changes it into additional

protoplasm and so the embryo increases in size, therefore, grows.

The pressure of the swollen endosperm and growing embryo

becomes so great that the seed coat bursts; the hypocotyl emerges

first, dragging the cylindrical cotyledon out of the seed coat and

epicotyl with it. The hypocotyl elongates and extends itself

into the soil where it develops a root near its tip. The tip

enlarges through the storage of starch, manufactured by the

green cotyledon and becomes a bulb. The bulb soon develops

within it a plumule, the cotyledon withers, and the young

plant (seedling) passes the following winter in this condition.

During the next spring the plumule develops into a foliage

leaf and the bulb gives rise from its base to several slender

elongated runners, which, at their tips, develop runner bulbs.
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These runner bulbs, the third year, give origin to another set of

runners similar to those formed during the second year which

also develop runner bulbs at their tips. A foliage leaf is also

formed by each. The following spring (spring of fifth year

after formation and shedding of seed) one of these bulbs develops

into a mature sporophyte plant, bearing a single flower at the

summit of its elongated scape. (See Fig. 355.)

Resemblances between Gymnosperms and Angiosperms

1. In both are developed flowers.

2. In both the flowers develop at least two sets of leaves

(either on one or two plants of the same species) called sporophyll

leaves, the stamens and carpels. The stamens or staminal leaves

are also termed microsporophylls. The carpels or carpellate

leaves are also known as megasporophylls.

3. Both groups produce microspores or pollen grains and
megaspores or embryo sacs.

4. In both are developed on the evident generation, the

plant or sporophyte and the gametophyte, the latter concealed

within and parasitic upon the megaspore of the sporophyte.

5. Both develop seeds with one or two seed coats.

6. In both groups there is developed from the fertilized egg

an embryo which lies within the cavity of the megaspore.

7. In both there exists a root and a stem pericycle.

8. Both produce collateral vascular bundles. Occasion-

ally we meet with phlocentric bundles in the stem or leaf of

Angiosperms.

Fundamental Differences between Gymnosperms and
Angiosperms

1. The flowers of Gymnosperms are often monoecious or

dioecious but very rarely hermaphrodite (as in Welwitchia)
,

whereas those of Angiosperms are usually hermaphrodite, rather

rarely monoecious, still more rarely dioecious.

2. In the Gymnosperms the sporophylls are usually inserted

either spirally or in whorls around a distinctly elongated axis,

whereas in Angiosperms the sporophylls are condensed to short
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whorls or spirals set around a shortened axis, the floral axis or

receptacle, torus or thalamus, or, as in the more modified

Angiosperms, the floral axis may even become hollow.

3. In Gymnosperms the microsporophylls or stamens are

usually sessile, whereas in Angiosperms the microsporophylls

are nearly always stalked. Rarely do we find sessile anthers

among Angiosperms, an instance of this being seen in Mistletoe

(Viscum) where the anthers are set on the staminal leaf.

4. In Gymnosperms there is a traceable prothallus or gameto-
phyte plant that later becomes the so-called "endosperm" of

the gymnosperm, whereas in Angiosperms no recognizable

prothallus has been proven to exist.

Gymnosperm
m

stored food tissue (endosperm) is a special formation after

fertilization.

mnosperms bear naked ovules

sperms

7. In Gymnosperms there are distinct recognizable arche-

gonia formed on or imbedded in the prothallus, whereas in

Angiosperms there are no distinct archegonia, only an isolated

egg or eggs.

8. In Gymnosperms there are not infrequently found several

embryos from one fertilized egg. This condition is called poly-

embryony. Polyembryony is unknown in Angiosperms, only a

false polyembryony being noticed.

9. In Gymnosperms the secondary xylem (wood) tissue of

roots, stems and leaves consists either of punctated or scalariform

cells, whereas in Angiosperms the secondary wood tissue may be

varied in structural aspect.

Classes of Angiosperms

The Angiosperms are subdivided into two classes, the Mono-
cotyledoneae or Monocotyledons, and the Dicotyledoneae or

Dicotyledons.

The Monocotyledons include such plants

grasses, sedges, palms, lilies, daffodils, irises, bananas, gingers

and orchids. The Dicotyledons are represented by a vast

as the cat-tails,
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familiar

m
plants, and ornamental

The monocotyledon

morphology and serum

the Archichlamydeae of

appear from comparati



Chapter XXII

THE MONOCOTYLEDONS

This is a class of Angiosperms characterized by the following

peculiarities:

Fig. 359.—Morphology of the typical monocotyledonous plant. A, leaf,

parallel-veined; B, portion of stem, showing irregular distribution of vascular

bundles; C, ground plan of flower (the parts in 3's); D, top view of flower; E, seed

showing monocotyledonous embryo. (Gager.)

(1) One cotyledon or seed leaf in the embryo, terminal in

position.

(2) Stems usually endogenous with closed collateral or

concentric fibro-vascular bundles, which are scattered. /

481
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(3) Leaves alternate in arrangement, with an entire margin

and generally parallel-veined.

Fig. 360.—Wheat plant showing the general habit of grasses. (Robbins.)

(4) Flowers usually pentacyclic and trimerous (having the

parts of each whorl in threes or a multiple thereof).

(5) Secondary growth in roots generally absent, the polyarch

radial bundle persisting from its formation.
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(6) Medullary-rays generally absent.

(7) Cambium generally absent.

Fig. 361.—Pistillate and staminate inflorescences of corn {gea mays). Pistillate

on left, staminate on right. {Robbins.)

Drug Yielding Groups of Monocotyledons

The Monocotyled comprise 45 families which contain

about 25,000 species of described plants. Only those groups

which yield drugs are considered in this chapter.

Order Graminales

This is the most important economic order of Monocoty-

ledons. It contains two families, the Graminece or family of

Cyperacece or family The
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famil

umes
enclose one

stems with s

more flowers. The grasses and cereals have

have stems which are solid through The above ground
stem of a sedge is usually 3-sided, unlike any srrass stem The
fruit of a grass is a caryopsis whereas that of a sedge is an akene.

Gramine^: or Grass Family.—Mostly herbaceous {Triticum,

Sorghum, Saccharum, cereals, etc.), rarely

shrubby (Arundinaria, more
(Bamboo

t from 2 i

Stems

often abounding in silica. The leaves are

sheaths

a ligule.

lamina

small

maphroditic, occasionaly monoecious
(Corn and Rice Grass) and usually borne

kelets arranged along a spike-axisFig. 362.—Diagram of a in SP
typical spikeiet. nT lower called a racnis, but sometimes in panicles

^:^U%,8

'ZS (°at>- The sP*ekt is ,he unit of a grass

paiet; /, lodicule; st, sta- inflorescence. A typical spikeiet consists
mens; /-/, rachilla; 2, lateral of a shortened zigzag axis (rachilla) bear-

X'w ĝT ""*"' in§ floral ieaves
- The two lowest floral

termed glumes.

leaves in each spikeiet are barren and
es. The succeeding floral leaves are of bract-like

character, each supporting one flower in its axil, and are called
palet Each flower has a bracteole which

placed on the inside, opposite and with its back to the rachilla
and known as the inner palet. Immediately following the inner
palet are 2 delicate scales called lodicules, 3 stamens (rarely
1, 2 or 6) with versatile anthers that are usually notched at each
end and a single pistil, having a unilocular, superior ovary with
one ovule and usually 2 styles, with simple or spirally branched

Fruit, a caryopsis or grain. Seeds albu-
minous with starchy endosperm and a small embryo at the base

side. Seed coat fused with fruit coat to

umose mas

hilum
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form one layer. Embry with a scutellum. The scutellum

represents a portion of the single cotyledon of these plants,

which bales out the nourishment from the endosperm to the

embryo, during the germination

Official Drug
Triticum

Sucrosum

Part Used Botanical Origin

Rhizome and roots Agropyron repens

Refined sugar Saccharum offici-

naruni and other

sources

Habitat

Europe and Asia

Tropics

Glucosum Product obtained by incomplete hydrolysis of starch

Dextrosum Sugar obtained by hydrolysis of starch

Amylum Starch Zea Mays

Styles and stigmas Zea Mays

Avena
Oleum Maydis

Unofficial Drug

Grain

Fixed oil

Oleum Citronellae Volatile oil

Job's Tears

Fructus

Canariense

Diastasum

Vetiver

Fruits

Fruits

Maltum

Enzyme
Rhizome and

roots

Grain partially

germinated and

dried

Avena sativa

Zea Mays

Cymbopogon Nardus

Cymbopogon
Winterianus

Coix Lacryma-Jobi

Phalaris

canadensis

Hordeum spp.

Andropogon

squarrosus

Var. of Hordeum
vulgare

Mexico

Mexico

Eurasia

Mexico

Asia

E. Indies

Islands

Asia

E. Indies

Asia

Order Principes

Palm^ or Palm Family.—Tropical or subtropical shrubs,

rarely trees, having unbranched trunks which are terminated

by a crown of leaves, in the axils of which the flowers are pro-

duced. The leaves are well developed with pinnate or palmate

blades and fibrous, sheathed, clasping petiole. The flowers are

small, of one or two sexes, and crowded on a spike or spadix,

which is subtended by a large bract, or spathe which may

become woody, as in the Cocoanut Palm. The perianth con-

may

inconspicuous or absent. T
3, inserted below the ovary,

with central placenta.

stamens are 6 in number

ovary

fru

epicarp, fibrous or cellular mesocarp and thin membranous
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endocarp, or a drupe (Cocoanut) with leathery epicarp, broadly
mesocarp

Fig. 363.—Cocoanut Palm (Cocos nucijera). Note pinnate leaf-blades
Bull. Agricole du Congo Beige. 1910.)

{From

Palm, Phoenix, with membranous epicarp, succulent mesocarp
and soft succulent endocarp. The seeds are albuminous with
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the reserve food frequently in the form of hard (reserve) cellulose

(ivory-nut-palm) or ruminate albumen {Areca).

Official Drug
Sabal

(Saw Palmetto)

Areca

Arecolinae

Hydrobromi-

dum

Part Used

Fruit (drupe)

Botanical Name
Serenoa serrulata

Habitat

South Carolina to

Florida and Texas

Seed

Hydrobromide of

alkaloid from

seed

Areca" Catechu
Asia and Malayan

Islands.

Unofficial Drug
Dragon's Blood Inspissated juice Daemonorops Draco East Indies

Tropics

Brazil

West Africa

Cocoanut oil Fixed oil Cocos nucifera

Carnauba wax Wax from leaves Copernicia cerifera

Palm oil Fixed oil Elaeis guineensis

Order Arales

Arace^: or Arum Family.—Perennial herbs with fleshy

rhizomes or corms

juice mo
or sagittate, with a membranous sheath

small, usually imperfect, rarely hermaph-

the pistillate usually below, themonoecious

at the base. Fl

roditic, usually

staminate above, crowded on a spadix, which springs from the

axil of a spathe. Fruit an indehiscent, 1 to several celled, 1 to

many seeded be

spadix. embryo or mo
rm with embry

family includes many ornamental plants among

are the calla lily * ceriman (Monstera

many holes, the Anthuriums

colored showy bracts and the Elephant's ear (Colocasia esculenta).

Official Drug
Calamus

Part Used

Peeled rhizome

Botanical Name
Acorus Calamus

Habitat
Europe, Asia, North

America

Unofficial

Drug
Skunk cabbage Rhizome

Indian turnip Corm

Tonga Rhizome

Symplocarpus

foetidus

Arisaema

triphyllum

Epipremnum pin-

natum (in part)

North America

North America

Fiji Islands
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Fig. 364.—Acorus Calamus, the Sweet flag, a member of the Aracea. (Sayre.)

<3X

Fig. 365.—Diagram of A, lily flower, and B, gra^ flower, showing homologous
structures. A, j, bract; ax, axis; op, outer perianth; ip, inner perianth; s, stamens;
(c) tricarpellary ovary. B, shaded structures are aborted; /], lemma (bract); ax,

axis: to and to' - oalet (outer oerianth^: / and /'. lodicules Hnnw ™*».;o~+u\. i ./axis

two whorls of stamens; c, tricarpellary ovary. (A, Robbins. B, after Shuster.)
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Order Liliales

Liliace^e or Lily Family.—Herbs {Lilium), shrubs {Yucca),

or trees (Dracena Draco or Dragon's Blood), with regular and

Fig. 366.—Smilax officinalis—Portion of vine and root system. Note the 3-nerved

leaves with stipules modified as tendrils and the berry fruits. (Sayre.)

symmetrical almost always six-androus flowers. Stem either

short, creeping under ground (Convallaria), or, swelling up and

forming bulbs (Hyacinth), or corms {Colchicum) , or, stem may



490 PHARMACEUTICAL BOTANY

elongate above ground and become herbaceous or

semi-shrubby as Smilax^ or the stem may remain short, giving

rise to thick, fleshy and sap-storing leaves, as in Aloe. Leaves

linear to lanceolate, ovate rarely wider, divisible into sheating

base, narrow petiole and expanded blade. Venation, parallel,

becoming in some ovate leaves parallel with oblique connec-

tions, reticulate or highly reticulate, as in the Sarsaparilla plants

and other species of Smilax. The perianth is parted into six

segments Anthers

introrse. Ovary three-locular with a single style. Fruit a

three-locular, loculicidally dehiscent capsule (Lilium> Colchicum,
k

etc.) or rarely a berry sp Lily-of-the-valley,

numerous with fleshy endosperm

Official Drug Part Used

Sarsaparilla Root

Botanical Name
Smilax medica

Smilax ornata

Smilax officinalis or Guatemala,

Habitat

Mexico

Costa Rica

Veratrum Viride Rhizome and roots

Colchici Cormus Corm

Colchici Semen

Aloe

Aloin

Scilla

Conv allaria-

Radix

Trillium

Aletris

HeIon ias

Unofficial Drug
Cape Aloe

Sabadilla

Red Squill

Seed

an undetermined

species

Veratrum viride

Colchicum

autumnale

Colchicum

autumnale

Aloe vera

\loe Perryi
Inspissated juice of

leaves

Pentoside

Inner scales of bulb Urginea maritirna

(Scilla maritirna)

Rhizome and roots Convallaria majalis Europe, Asia,

Honduras and

Nicaragua

United States

Mediterranean

Basin

Mediterranean

Basin

Dutch West
Indies

Socotra and

East Africa

Mediterranean

Basin

Rhizome and roots Trillium erectum

Rhizome and roots Aletris farinosa

United States

North America

Eastern United

States

Rhizome and roots Chamaelirium luteum Eastern United

States

Inspissated juice Aloe ferox

Seed Asagraea officinalis

S. Africa

Mexico and
Central

erica

Bulb Urginea maritirna

(red variety)

Am
Mediterranean

Basin
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Unofficial Drug
Allium

Convallariae

Flores

Veratrina

Part Used
Bulb (fresh)

Inflorescence

Mixture of

alkaloids

Botanical Origin

Allium sativum

Convallaria majalis

Asagraea officinalis

Habitat

Southern Europe

Europe, Asia,

United States

Mexico and
Central America

DioscoREACEiE or Yam Family.—Twining perennial herbs or

undershrubs arising from large tuberous roots or knotted root-

stocks. Leaves alternate, peti-

oled, simple, palmately-ribbed

and netted-veined . Flowers
small, dioecious, regular, having a

six-cleft, calyx-like perianth, six

stamens and a three-celled inferior

ovary. Fruit usually a membra-

nous, three-angled or winged,

three-celled capsule.

Official Drug
Dioscorea

Botanical Name
Dioscorea villosa

Part Used

Rhizome

Habitat
i

United States

*

Fig. 367.

—

Iris versicolor (Blue

Iridace/e or Iris Family.

Perennial herbs withunderground

rhizomes (Iris) corms (Crocus) or
p]ag) Note^ fleshy^^^

bulbs (Gladiolus) SWOrd shaped mg equitant, sword-shaped leaves and

or linear, equitant, two-ranked long stalked flower clusters. The

leaves and usually showy, perfect,
flowers ™ violet-blue the outer

: n r i
segments of the perianth limb being

regular or irregular flowers which spatulate> variegated with yelloWj

emerge from a spathe of 2 or more green or white on the claw and marked

bracts. Perianth of 3 sepals (often with PurPle veins
- Reproduced from

petaloid), and 3 petals
Aerie. Miscellaneous

arising
77 ^

from the summit
ovary; stamens 3; ovary inferior

stigmas 3, sometimes

many
osperm

Seeds

corms

mos acrid. Fibrovascular bundles in stems and leaves

phlocentric
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Official Drug

Iris (Orris)

Iris Versicolor

(Blue Flag)

Crocus (Saffron)

Part Used

Peeled rhizome

Rhizome

Stigma

Botanical Name
Iris florentina

Iris pallida

Iris germanica

Iris versicolor

Iris caroliniana

Crocus sativus

Habitat

Mediterranean

Region

Eastern North

America

Southern Europe

and Asia

Order Scitaminales

This order includes herbs with asymme and
pinnately-veined leaves. Some of the members, notably the

bananas, are gigantic in size. It contains the Musacece or

Banana Family, Cannacece or Canna Family, Zingiberacece or

Ginger Family and Marantacece or Arrowroot Family.

Zingiberace^ or Ginger Family.—Tropical plants, peren-

rhizomesnial herbs, usually

pinnately-veined leaves. The leaf sheaths are folded tightly

around each other so as to give the appearance of a stem.

Flowers, very irregular, trimerous; sepals three, short, often

stamens
to four abortive, petaloid, one often absent, a sixth alone fertile

and stamen-like. The petaloid stamens constitute the most
attractive parts of the flower. Pistil, inferior, tricarpellary.

Fruit, a loculicidally dehiscent, usually 3-celled capsule. Seeds
albuminous with both perispermic and endospermic albumen.

Official Drug Part Used Botanical Name
Zingiber

Habitat
Rhizome

Cardamomi Semen Seeds

Zingiber officinale S. Asia

Elettaria

Cardamomum
Indo-China

Oleum
Cardamomi
Unofficial Drug

Galanga

Volatile oil from Elettaria Indo-China
seeds Cardamomum

Rhizome China

Zedoaria

Curcuma
Rhizomc

Alpinia

officinarum

Curcuma Zedoaria India
Prepared rhizome Curcuma longa

Grains of Paradise Seeds Amomum
melegueta

S. Asia and E
Indies

Asia

Marantace^: or Arrowroot Family.—Perennial herbs
chiefly of tropical climes with fleshy rhizomes or tubers rich in
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starch content. The leaves are radical and cauline, usually

mit
le sum-

raceme

Fig. 368.

—

Zingiber officinale, the Ginger plant. (Sayre.)

bearing irregular trimerous flowers with a one-celled ovary (by

abortion).

Unofficial Drug
Amylum «

Marantae

Part Used

Starch

Botanical Origin

Maranta

arundinacea

Habitat
West Indies

Northern S.

America
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Order Orchidales

Orghidace^e or Orchid Family.—Perennial herbs of

terrestrial or terrestrial saprophytic or epiphytic growth, having

grotesque flowers. Roots fibrous or tuberous, often saprophytic

Fig. 369.—Floral organs of an orchid (Catleya sp.). A, the entire flower; sep 9

sepal; pet, petal; B, column, showing s, stigma and r, the rostellum (beak), with

the small glands at the tip; to the glands are attached the four strap-shaped caudicles

of the pollinia; C, pollinia, with the four caudicles; below, the gland; D, longitudinal

section of the column; p, pollinium; £, the same, enlarged. (Gager.)

in relation, or aerial and with velamen. Stems and branches

upright, in epiphytic types, often forming pseudobulbs. Leaves

alternate, entire, parallel-veined, sheathing at base, rarely

reduced to yellowish or pale scales in saprophytes. Flowers

irregular, usually attractive, entomophilous, but sometimes



THE MONOCOTYLEDONS 495

small

racemes, trimerous. Sepals 3,

ich two often resemble sepals, tl

*

similar; petals 3 of

modified and fused with two outer petaloid stamens as a labellum

or lighting-board for insects. Third stamen of outer whorl

Fig. 370.—Vanilla planifolia—Branch showing leaves and flowers. (Sayre.)

irren knob (Cypripedi

forming a pollinium. stamens

inner circle barren and petaloid or one absent (Cypripedicz)

Stamens all epigynous and often three

gynandrium three

rarely 4-, 1 (usually) -celled ovary. Fruit a capsule, 3-valved

and 1 -celled. minute, abundant and wind dissemi
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Official Drug Part Used Botanical Name Habitat

Vanilla Fruit (cured, full- Vanilla planifolia Mexico

grown, unripe)

Unofficial Drug

Salep

Corallorhiza

Tubers

Rhizome

Cypripedium Rhizome and roots

(Orchis mascula ) _
\r^ , • • f Europe
( Orchis morio

Corallorhiza

odontorhiza

Cypripedium

bulbosum

Cypripedium

parviflorum

Cypripedium

pubescens

Eastern U. S

United States



Chapter XXIII

THE DICOTYLEDONS

The Dicotyledons are a class of angiosperms having the

following characteristics:

(1) Two-seed leaves (cotyledons) in embryo, these being

lateral on the embryonic axis.

^0mm^

Fig. 371.—Morphology of a typical dicotyledonous plant. A, leaf, pinnately-

netted veined; B, portion of stem, showing concentric layers of wood; C, ground-

plan of flower (the parts in 5's); D, perspective of flower; E> longitudinal section

of seed, showing dicotyledonous embryo. (Gager.)

(2) Foliage leaves with pinnate-reticulate or palmate-

reticulate veins.

(3) Leaf bla from simple to lobed to compou

in pinnate or palmate fashion depending upon character of

venation.
497
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(4) Stems, leaves, and roots of secondary growth with open
collateral or (excepting roots) bi-collateral fibro-vascular bundles;

in stems radially arranged about a central pith.

(5) Exogenous stems.

(6) Medullary-rays present in stems and in roots of secondary

growth.

(7) Cambium present in the plant axis.

f*****k.

Fig. 372.—At left, fruiting branch of Black Pepper (Piper nigrum). Portion
of shoot with inflorescences. Terminal portion of an inflorescence (enlarged).

(After Wossildo.)

At right, the Cubeb (Piper Cubeba). a, cluster of fruit; b, staminate flower;
c, pistillate flower in longitudinal section; d, fruit in longitudinal section. (After

Berg and Schmidt.) Both from Gager after Strasburger, A oil, Schenck and Schimper.

(8) Roots developing secondary structure.

erous of each whorl

tetramerous or nentam
m

number of parts in the gynoecium.
ass of angiosperms containing more

famil We
grouped

groups
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The Dicotyledons are subdivided into two sub-classes: viz.:

Sub-class 2.

Archichlamyd

Metachlamyd

Drug Yielding Dicotyledons

Sub-Class Archichlamyde/E

Those dicotyledonous plants in which the petals are distinct

and separate from one another or are entirely wanting. That
group of the Archichlamydeae whose flowers show the absence

of petals and frequently of sepals is called the Apetalce. The
group whose plants have flowers showing the parts of their

Polyp

Chorip

Order Piperales

Piperage^: or Pepper Family.—A family of apetalous aro-

matic herbs and shrubs with jointed stems, opposite, verticillate,

or sometimes alternate leaves without stipules, and spiked,

inconspicuous, wind-pollinated flowers. The characteristic fruit

is a drupe enclosing a single, upright, albuminous seed with

abundant perisperm (from megasporangial tissue) and reduced

endosperm (from matured embryo sac).

Official Drug
Gubeba

Part Used

Unripe fruit

Botanical Name
Piper Cubeba

Habitat

Borneo, Java
Sumatra

Unofficial Drug
Piper (Pepper) Unripe fruit Piper nigrum

Piper Longum Spike of imma- \ Piper longum

Kava

Matico

cure, fruit

Rhizome and

roots

Leaves

( Piper officinarum

Cochin-China,

India

[•Asia

Piper methysticum Sandwich Islands

Piper angusti-

folium

Peru, Bolivia

Order Saligales

Salicace^e or Willow Family.—Shrubs or trees of tem-

perate or cold regions, with upright woody stems, rarely herbs

(Salix retusa). Bark often containing bitter principles (Salicin,

etc.).
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Leaves alternate, sim entire, stipulate; stipules rarely

green, persistent, usually functioning as winter bud-scales and

falling in spring.

Inflorescences dioecious spikes, so on separate plants, Stami-

nate spikes forming deciduous catkins of yellowish flowers,

maturing

fruit.

fifteen

numerous, each of two to five (Willow)

): stamens in axil of a small bract le

sometimes with small nectar knob or girdle at base; pollen

abundant, hence plants anemo entomo

Pistillate flowers green, each of a bicarpellate pistil in axil of

sim

ma
Fruit a capsule dehiscing longitudinally. small

buminous, surrounded bv a tuft of hairs for dissemination

Official Drug
Salicinum

Part Used

Glucoside

Botanical Name
Several species of

Salix and Populus

Populus

Habitat

Europe, North

America

Populi Gemma Closed winter leaf \balsamifera North America

bud Populus candicans

Unofficial Drug
Salix

Salix Nigra

Poplar bark

Bark

Bark

Bark

Salix alba

Salix nigra

Populus tremuloides

Europe

North America

North America

Order Myrigales
i

Myricace^ or Bayberry Family.—Dioecious or sometimes

monoecious, aromatic shrubs or trees with watery juice and

possessing underground branches which arch downward then

suckers. Roots fibrous and bearingupward producing many suckers,

many short rootlets upon which are frequently found coralloid

clusters of tubercles containing the Actinomyces Myricarum

Youngken. Leaves alternate, revolute in vernation, serrate,

irregularly dentate, lobed or entire, rarely pinnatifid, pinnately

and reticulately veined, pellucid-punctate, evergreen or decidu-

ous, generally exstipulate, rarely stipulate. Flowers naked,

unisexual, monoecious or dioecious, in the axils of unisexual or
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aments from scaly buds formed in the summer
*ar, remaining covered during 1

winter and opening in March or ^_
x
__„

ing of the leaves of the year.

Staminate flowers in elongated

catkins, each consisting of two to eight

stamens inserted on the torus-like base

of the oval or oval-lanceolate bracts of

the catkin, usually subtended by two

or four or rarely by numerous bracte-

oles; filaments short or elongated,

filiform, free or connate at the base

into a short stipe; anthers ovoid, erect,

two-celled, extrorse, showing longitu-

dinal dehiscence. Pistillate flowers in

ovoid-globular catkins.ovoid or

Gynoecium of two united carpels on

a bract. Ovary sessile, unicellular,

subtended by two lateral bracteoles

which persist under the fruit, or by

eight linear-subulate bracteoles, accres-

cent, and forming a laciniate involucre

inclosing the fruit; styles short and

dividing into two elongated style arms

which bear stigmatic surfaces on their

inner face; ovule orthotropous, solitary,

with a basilar placenta and superior

micropyle. Fruit an akene or cerifer- Gf willow (Salix viminalis). A,

OUS nut. Pericarp covered with glan- twig with staminate catkins.

Fig. 373.—Flowers and fruit

dular emergences which secrete wax or

fleshy emergences, smooth and lustrous
pistillate catkin.

or smooth, glandular.

B, staminate flower with sub-

tending bract, enlarged. C,

D, E. pistil-

Seed erect, ex- late flowers, enlarged. F, fruit,

albuminous, covered with a thin testa. natural siz^ G, the same en-

Embryo straight, cotyledons thick, ^^^g^J^^^
plano-convex; radicle short, superior.

There are two distinct genera of this family, e.g., Myrica and
Comptonia.
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Unofficial Drug
Myrica

Part Used

Bark of root

Botanical Name
( Myrica cerifera

Habitat

{ Eastern North

f
Myrica carolinensis (America

Comptonia Leaf

Bayberry Wax

Comptonia aspleni-

folia

Wax from fruits Myrica cerifera

Myrica carolinensis

Eastern North

America

JE. North

} America

Fig. 374.—Fructiferous branches of Myrica caroliniensis (to left) and Myrica

cerifera (to right) as they appear in early winter. The former species is decidu-

ous while the latter is evergreen. Collected by author at Wildwood, N. J., in

mid December.

J

Order Juglandales

or Walnut Family.—Tall, branching,

monoecious

beset with glandular-resinous hairs. Leaves alternate, exstipu-
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late and odd-pinnate which, upon falling, leave usually horse-

shoe shaped scars on branches,, and in whose axils develop

frequently one axillary bud and several ascending accessory

buds. staminate

Fig 375 —Fructiferous branch of Myrica Gale, showing mature pistillate catkins

and nature of leaves. Collected at the south end of Peak's Island in Casco Bay,

Maine, September, 1913.

The staminate catkins

year. The pistillate spi

sides of the new wood.

borne at the extremity c

staminate flower is com

an elongated floral disk bearing a terminal bract, a perianth of

6 to rarely 4 parts and 40 to 4 stamens. The pistillate flower is

composed of an upgrown, hollowed-out receptacle bearing on
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margin or extremity 5 to 4 perianth segments and conl

)istil consisting of an inferior ovary with a single ovule

L L

;mas,

com
aromatic

^>

tacular tube and ovarian wall

and exhibiting a leathery to

rarely membranous epicarp,

more or less succulent mesocarp,

and stony endocarp enclosing a

seed with a double layered seed

coat surrounding an enlarged

mbryo with gular, semi

ruminate cotyledons, into and
between which the fruit and seed

layers grow.

The family embraces six

genera. (Hicko

Fig. 376.—The sweet-or black birch.

Juglans (Walnuts)

D .
f AW

represented m the United States.
Betulalenta. Above, branch with stami- tU , c
nate catkins. Below, branch with

^ he SeedS of Carya P^an (Pecan)

pistillate catkins. The tree occurs in and ^ OVata (Shagbark Hickory)
woodlands from Newfoundland to are The wood

^T^T^Vr V
-
S

- ** <* the walnuts is used for furni-Miscell

Walnut) are p
coloring agent.

Unofficial Drug
Juglans

Black Walnut

ture and the seeds

J. nigra (Black Walnut) and J. re

Jugl

Black walnut hulls are used as a

Part Used
Inner root bark

( Leaves, bark,

(hulls, kernels

Botanical Name
Juglans cinerea

Juglans nigra

Habitat
United States

United States

Order Fagales

Betulace^: or Birch Family. family of aromatic
monoecious

and astringent resinous bark.

ovary and absence of cupule.

from

family
nuts {Corylus), birches {Betula), alders (Alnus), the hop hornbea
ironwood (0straya) and the Ameri

m
earn rP
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The seeds of the hazelnuts or filberts are prized as food. The
bark and oil of the sweet- or black-birch are employed as

flavoring agents and antirheumatics.

Official Drug Part Used

Volatile oil(Oleum Betulae)

Methylis Salicylas

Oleum Betulae Empyreu- Pyroligneous oil

maticum Rectificatum

Unofficial Drug
Birch Bark Bark of stem

Botanical

Name
Bctula lenta

Betula alba

Bctula lenta

Habitat

North America

Eurasia

North America

Fig. 377.

—

Quercus infectoria—Branch and nutgall. {Sayre.)
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Fagace^: or Beech Family (Cupulifer^).—Beeches^ Chest-

nuts^ Oaks^ the trees of this family, are found in the temperate

forests of the eastern and western hemispheres and comprise

about 368 species. North America has over 50 species of oaks;

2 species of Chestnuts; 1 species of beech and 1 species of golden-

leaved chestnut. most important American
building, for furniture, for cooperage, for wagons, for tanning

dp
Qj

i

oak, Q. velutina; live oak, Q,- vir-

giniana; swamp white oak, Q,

platanoides; cow oak, Q. Michauxii.

oaks, Qj

>pis and post oak, Q,

The uses of the fast disappearing

Americ Chestnut, Castanea

dentata, are well known. The
wood of the beech, Fagus grandi-

folia, is used for chairs, tool

handles, plane stocks, , shoe lasts

and for fuel. The nuts (mast)

fatten hogs and feed wild animals
Fig. 378.

—

Ulmusfulva, the Slippery and birds. commerce
Elm. Flowering branch bearing bell-

fa obtained from ^ bark ofshaped flowers, leaf and leaf and fruit- _

ing branch. The fruits are circular, Qu&CUS Suber and Qliercus occiden-

single samaras. this

tree is rich in mucilage. (Reproduced ancj prance
Jrom U. S. Dept. Agric. Miscell. Publ. 77.) „, ,

are all monce
s the staminate (male) and pistillate (female)
from each other, but borne on the same tree.tree. Most

re shrubs. The leaves are

A pair ofdeciduous stipules

(petiole) . The margins of
the chestnut and beech leaves are sharply cut with large teeth.

sim

leaf-

groups the
white oaks with rounded lobed leaves and annual acornproduction,
and the black oaks with sharp, bristle-tipped lobes and biennial
acorn production. male are in dangling heads
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(beech) , or in catkins (chestnut and oaks) . The male flowers have

a united perianth, which is 4-6 parted and encloses an indefinite

number of undivided stamens. The female flowers have a

superior 6-parted perianth; the pistil consisting of 3 carpels

with a corresponding number of stigmas. The ovary is 3-6

celled and each cell has 2 pendulous ovules. The fruit is a one-

seeded nut. The cup, or cupule, in the beech is 4-sided and

covered externally with weak spines and encloses two 3 -sided

seeds. forms

splits into 4 valves at maturity, enclosing 3 nuts. The cupule

in the oak is saucer-, or cup-shaped, and encloses a single rounded

nut, or acorn. exalbuminous

are thick and fleshy, edible in the beech, chestnut and a few of

the oaks.

Official Drug Part Used Botanical Name Habitat

Galla Excrescence Quercus infectoria Europe and W. Asia

Castanea Leaf Castanea dentata North America

Acidum Tannicum Tannin from gall Quercus infectoria Europe

Acidum Gallicum Product made from tannin

Pyrogallol Product made from gallic acid or extract of galls

Unofficial Drug
Quercus Inner bark Quercus alba North America

Order Urticales

Ulmace
temperate <

* Elm Family.—Forest trees indigenous to the

tropical zones, characterized by being woody

sim

having caducous stipules and without milky juice. Their

hermaphrod

to the calyx.

(Hackberry)

samara (Llms

Official Drug Part Used Botanical Name Habitat

Inner bark Ulmus fulva United States

and Canada
Ulmus

-

Morace;e or Mulberry Family.—Mostly apetaloi

or trees, as the mulberries {Morus), figs (Ficus), osag.

(Madura), etc., rarely herbs as hop and hemp, many
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containing a milky juice in latex tubes with small, axillary,

clustered or solitary, unisexual flowers with sepaloid perianth,

variously colored; leaves either simple, ovate with serrate margin

Fig. 379.—Hop {Humulus lupulus), a member of the Moracea. A, portion of

plant showing pistillate inflorescences; B, staminate inflorescence; C, rachis of

pistillate inflorescence ("hop"). {Robbins.)

ma ;o palmately compound (hem
ovules mostly amDhitrooous : f

akene
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Fig. 380.

—

Cannabis sativa or Indian Hemp (Fam. Moracea). staminate

plant, bearing axillary panicles of staminate flowers. At right, young pistillate

plant whose panicles constitute the drug Cannabis. Note the palmately compound

leaves, the leaflets of which are lanceolate with serrate margins.

nabis, a sorosis, as in the mulberry and osage orange or a

syconium, as in the fig; embryo usually curved.

Official Drug
Cannabis

Part Used

Flowering tops of

pistillate plant

Botanical Name

j Cannabis sativa

Habitat

Asia
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Official Drug
Humulus
Lupulinum

Unofficial Drug
Fructus Cannabis

(Hemp seed)

Ficus

Part Used Botanical Name Habitat

Strobile Humulus lupulus ) Europe, Asia

Glandular trichome Humulus lupulus ( North America

Fruit

Fruit

Cannabis sativa

Ficus Carica

Asia

Persia

Order Santalales

Santalace^e or Sandalwood Family.—Herbs, shrubs or

trees having entire exstipulate leaves, greenish flowers, nut-like

or drupaceous fruits and oily seeds. Many are parasitic on the

roots of other plants or on trees. The woods and volatile oils

number of species are of economic importance

Official Drug
Oleum Santali

Santalum Album
Unofficial Drug

Oleum Santali

Australiensis

Part Used

Volatile oil

Heartwood

Botanical Name Habitat

Santalum album India and Malaya

Volatile oil Eucarya spicata W. Australia

Loranthace,e or Mistletoe Family.—Most of the mem-
bers of this family are woody shrubs, parasitic on trees; leaves

opposite or whorled, entire, simple, exstipulate, sometimes

reduced to scales; flowers hermaphroditic or dioecious, the calyx

annular or cup-like, adnate to the ovary; petals disjoined or

united into a tube, often split down one side, stamens equal in

number to the petals and inserted on their base, the anthers

dehiscent by pores or terminal slits: nectar disk present or absent;

ovary inferior with simple style or sessile stigma; fruit a berry or

drupe with a solitary seed devoid of testa and containing copious

endosperm and a straight embryo.

Unofficial Drug
Phoradendron

(American Mistletoe)

Viscum
(European Mistletoe)

Part Used Botanical Name Habitat
Entire plant Phoradendron flavescens United States

Entire plant Viscum album Europe and Asia

Order Aristolochiales

AristolochiacejE or Birthwort Family.—Herbs or twin-

ing semi-woody or woody plants, having more or less swollen
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nodes from which spring alternate, cordate, reniform or ovate

leaves. Flowers regular (Asarum, etc.) or irregular {Aristolochia)
,

often offensively smelling. Sepals varying from 6 to rarely 5

to more commonly 4 or 3; in Asarum, etc. forming a regular

symmetrical cup with 3 teeth or lobes, in Aristolochia divisible

into a bowl, a tube and a limb. Stamens from 24 to 3, the fila-

Fig. 381.

—

Aristolochia Serpentaria. (Sayre.)

ments distinct or slierhtlv fused with styles, in Asarum, or com

separate.

ochia, to form a gynostemium

many carpels as stamens, th

more or less distinct from stamens

Aristolochia semi-inferior to inferior in Asarum, com

inferior in Aristolochia and as many
carpels. Fruit a capsule. Seeds with copious albumen and

minute embryo.
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Official Drug Part Used

Serpentaria Rhizome and roots

Asarum Rhizome and roots

Botanical Origin Habitat

Aristolochia

Serpentaria
<>Vliked States

Aristolochia

reticulata

Asarum canadensis United States

Order Polygonales

Polygonace^ Family.—Usually herbs [Knot-grasses (Poly-

gonum), rhubarb (Rheum), docks (Rumex), buckwheat (Fagopy-
*> »

-.

Fig. 382.—Serpentaria—Cross-section of rhizome. (25 diam,) A, parenchyma
of cortex; B> medullary ray; C, xylem; D, phloem; E, medulla. (Sayre.)

(Muehlenbeck
ifera or Sea-Grape)

and spreading secondary roots more or less provided with

com Stems
flattened, leathery, phylloidal (Muehlenbeckia pi

more rarely tendriliform

still

leptopus or Mountain Rose
of Tropical America). Leaves alternate, rarely opposite or

whorled (Eriogonum), entire, rarely lobed (Rheum palmatum,
' Rumex acetosella), petioiate, rarely sessile, and stipulate. Stipules

forming a greenish membranous upgrowth (ocrea)fused

which sheaths the stem. Infl racemose with many

into single flowers. Flow<

calyx, becoming trimerous

Stamens varying from fifl

cymes, which in some forms conde]

*rs regular, pentamerous, with sim

more
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four, three to one (Koenigia), hypogynous, more
rarely by enlargement of receptat

perigynous. Pistil tri- to bi-car

sided; ovary one-celled with one ovule

often three- to two-

Styles three, rarely
two, radiating penicillate in wind-pollinated, inconspicuous

coming
pollinated flowers. Fruit a triangular or biconvex akene often
crowned by persistent styles and surrounded by persistent closely

Fig. 383. median
and with perianth and stamens removed. (Robbins, after Luerssen.)

applied sepals. Seeds solitary, albuminous, with straight

embryo, or in Rumex, curved embryo.

Official Drug Part Used Habitat

Rheum
Rhizome and

roots, deprived

of periderm

tissues

Botanical Origin

Rheum officinale
I

Rheum palmatum and

other species (except-

ing R. rhaponticum) or ) China and Thibet

hybrids of Rheum,
grown in China and

Thibet

Unofficial Drug

Rumex Root

Bistorta Rhizome

Rumex crispus

Rumex
obtusifolius

Polygonum Bistorta

Europe

Europe and Asia

Order Ghenopodiales or Centrosperm^e

families

mbry famil
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foot Family (Chenopodiacea), the Pokeweed Family (Phytolaccacece)

;

the Amaranth Family (Amaranthacea) which includes the orna-

mental Cock's Comb; the Four-o'clock Family (Nyctaginacece) to

which belong the Marvel of Peru or Four-o'clock and the

beautiful Bougainvilleas; the Aizoacea containing the Carpet

Weed (Mollugo verticillata) and the Sea Purslane (Sesuvium

maritimum), Family (Portulacacece) which is

represented by the Spring Beauty (Claytonia virginica) and the

Purslane (Portulaca); the Pink Family iphyllacece) which

includes the Carnations, Corn Cockle, Bouncing Bet, etc.

Chenopodiace^e or Goosefoot Family.—Usually herba-

ceous halophytes or shore growers, growing also in any alkaline

soil, more rarely shrubs (Atriplex) or low trees (Haloxylon).

Among them are

Manpels) and a numb
n vegetables (Spinach, Beets,

Leaves alternate to opposite

sometimes reduced to teeth, entire or lobed. Inflorescence

spikes or short racemes of condensed cymes. Flowers regular,

usually small and greenish. They are either perfect (Beta),

monoecious

gamous (K<

ipodium) , dioecious ipL sp-)> or poly-

or Summer Cyp Fruit a utricle. Seed

albuminous. Embryo curved, enclosing central albumen

Official Drug Part Used Botanical Name Habitat
Oleum Chenopodii Volatile oil Chenopodium ambrosioi- United States

des var. anthelminticum

Sucrosum

Unofficial Drug
Chenopodium

Refined sugar
j Beta vulgaris

( Beta maritima

Europe

Fruit Chenopodium ambrosioi- United States

des var. anthelminticum

Phytolaccacece or Poke Family. family

trees, shrubs, and herbs with alternate, entire leaves, and flowers

resembling those of the goosefoot family ipodiacece), but

com
formin embraces

genera m Only

Official Drug
Phytolacca

(Poke Root)

Part Used
Root

e United State

Botanical Name
Phytolacca

americana

Habitat

North America
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Order Ranales

This order includes the following families: Nympheacece or

Water Lily Family, Magnoliacece or Magnolia Family, Ranuncula-

cece or Crowfoot Family, Berberidacece or Barberry Family,

Menispermacece or Moonseed Family, Anonacece or Custard Apple

Fig. 384. damp

Family, Myristicacea or Nutmeg Family, Monomiacece

Family, and Lauracece or Laurel Family

Magnoliace^ Magnolia Family.—Trees and shrubs

having alternate leaves with large deciduous stipules that

enclose the young buds and single large flowers with several

series of sepals and petals which are often colored alike. Sepals

and petals deciduous. Carpels and stamens numerous
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arranged and free. Bark aromatic and bitter. Fruit a collec-

tion of follicles dehiscing dorsally. Seeds large, albuminous and
oily.

iipifi

Fig. 385.—Myristica Jragrans—Branch and fruit. (Sayre.)

is family belong the stately Tulio Ponlpir /

showy Magnol

Official Drug
Oleum Anisi

Unofficial Drug
Winter's Bark

Ulicium

(Star Anise)

Part Used
Volatile oil

Botanical Name
Illicium verum

Habitat
South China

Bark

Fruit

Drimys Winteri

IUicium verum
South America
S. China
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Myristicace>e or Nutmeg
*s comprising the genus My:

Myristica

—A group of apetalous

trees nutmegs

—A large tropical genus of fragrant, apetalous
• m m m —

nutmeg family

Fig. 386.

—

Hydrastis canadensis (Fam. Ranunculacece) XK- At left, th<

aggregate fruit. {After Strasburger, Noll, Schenck and Schimper.)

apocarpous

smalternate, entire, often pellucid punctate leaves,

regular flowers, and a succulent, two-valved, one-celled fruit

ruminate albumen

by a fleshy arillode.
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M.fragrans, a handsome tree, 20 to 30 feet high, indigenous

to the Molucca Islands in the East Indian archipelago but

now cultivated extensively in the West Indies, supplies the nut-

megs and mace of commerce.

Official Drug
Myristica

Oleum Myristicae

Unofficial Drug
Macis

Part Used

Kernel of seed

Volatile oil

Botanical Name
Myristica , fragrans

Myristica fragrans

Habitat

lucca Islands

Arillode Myristica fragrans

Ranunculace^e or Buttercup Family.—Herbs, rarely

shrubs (Clematis) with acrid, poisonous,

watery juices and with alternate, rarely

)le, rarely compound,opposite, simple,

exstipulate leaves. Flowers am
incom

com
ajous. Sepals five—rarel

—green to petaloid, regul

more

irregular (Larkspur, Monkshood)

ar

Jar

tariferous petals often variously

transformed m indefinite,

hypogynous. Pistil of many to few
apocarpous carpels, each carpel with
one to several ovules. Fruit a collec-

tion of achenes as in Buttercup (Ranun-
culus), Pasque Flower (Pulsatilla), or a
collection of follicles (Columbine,
Larkspur, Peony, Aconite) or rarelv a

Fig. 387.

portion of Aconitum Napellus

(Monkshood) showing pal-

mately-divided leaves and
hooded flowers.

berry as in Baneberry (Actaa)
of crimson berries as in Golc
(Hydrastis). Seeds albumino
large oil-containing endospe
small embryo.

m
with

and

Official Drug
Hydrastis

(Golden Seal)

Parts Used
zome and r

Botanical Name Habitat
canadensis Eastern United

States and
Canada
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Official Drug
Aconitum

Cimicifuga

Parts Used

Tuberous root

Botanical Origin Habitat
Aconitum Napellus Europe, Asia

Rhizome and roots Cimicifuga racemosa E. North America

Pulsatilla Entire herb

Adonis

Delphinium

Unofficial Drug
Aconiti Folia

Pulsatilla vulgaris

Pulsatilla pratensis

Pulsatilla patens

Overground portion Adonis vernalis

Seed Delphinium Ajacis

Europe and Asia

W. North America

Europe and Asia

Europe

Coptis

(Goldthread)

Helleborus

Nigella

(Black Caraway)

Staphisagria

Western Coptis

Leaves and flower Aconitum Napellus Europe and Asia

tops

Entire herb Coptis trifolia

Rhizome and roots Helleborus niger

United States

and Canada
Alps

Seed

Seed

Entire herb

J

Nigella sativa

Nigella damascena

Delphinium

Staphisagria

Coptis occidentalis

Europe

\ South Europe,

) Asia Minor
Western United

. States

Bear's Foot Root Rhizome and roots Helleborus foetidus Europe

Xanthorhiza Rhizome Zanthorhiza apiifolia United States

Berberidace^: or Barberry Family.—Herbs and woody

plants with watery juices and alternate or radical, simple or

pinnately-compound, mostly exstipulate leaves, either stems

or leaves of Berberis (Barberry) species often bearing spines or

barbs, which give them a barbed appearance. Rhizomes and

roots often of yellow color internally, due to berberine content.

Flowers either in racemes of cymes, cymes, racemes or solitary.

Sepals and petals usually in 2 series of 3 each, similar, hypog-

ynous; stamens 9 to 4, hypogynous; pistil single. Fruit a

berry or capsule. Seeds exalbuminous with a straight large

embryo in axis of albumen.

Official Drug
Berberis

(Barberry)

Podophyllum

(May Apple)

Caulophyllum

Parts Used Botanical Origin Habitat

Rhizome and roots Berberis species

Mahonia

Rhizome and roots Podophyllum

peltatum

Rhizome and roots Caulophyllum

thalictroides

of Western North

America

Eastern North

America

Eastern North

America

Unofficial Drug
Podophyllum

Indicum B.P.

Barberry Bark

Rhizome and roots Podophyllum emodi Tibet and

Afghanistan

Bark of root and

stem

Berberis vulgaris Europe
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pound
3

f

8--^W^.^-«-P^nt and rhizome. Note the pinnately decom-

rhizome Thi L t
C remeS W lCh ^ "** flOWerS

>
and dotted

(Sayre.)
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Menispermace^e, or Moonseed Family.—Choripetalous,

woody, climbing, mostly tropical plants with alternate, exstipu-

late, simple often peltate leaves. Flowers green to white. Fruit

Fig. 389.

—

Podophyllum peltatum. Entire plant, above ground portion, and

fruit. Note the flowering stems bearing in each instance two one-sided leaves

and a nodding flower from the forks. This plant also sends up from its rhizome

flowerless stems each of which terminates in a 7-9 lobed peltate leaf.

a one-seeded succulent drupe. Seeds albuminous. They usu-

ally contain tonic, narcotic or poisonous bitter principles.

Official Drug
Calumba

Parts Used

Root

Cocculus

Unofficial Drug
Menispermum
(Yellow Parilla)

Pareira

Fruit

Rhizome and roots

Root

Botanical Name
Jateorrhiza

palmata

Anamirta Cocculus

Menispermum
canadense

Chondodendron

tomentosum

Habitat
East Africa

Asia

United States

and Canada
Brazil and

Peru
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MONOMIACEiE or Boldo Family.—Tropical trees and shrubs

with opposite or rarely alternate, entire or serrate, pellucid-

punctate leaves devoid of stipules, but containing cystoliths.

Flowers hermaphrodite or unisexual in cymes or racemes;

calyx of many to 4 lobes or teeth in 2 or more series, stamens

numerous

"

^

Fig. 390.—Blue Cohosh {Caulophyllum thalictroides). Top of plant. Note the
tnternately compound leaf bearing 2- to 4-lobed leaflets and the panicle of yellowish-
green flowers. The fruits which ripen in August are dark blue berries. {Reproduced
from U. S. Dept. Agric. Misc. Publ. 77.)

ovule Fruit a drupe {Peumus), nut or achene. Seeds
membranous testa and fleshy endosperm

Official Drug
Boldus

Part Used
Leaf

Botanical Name
Peumus Boldus

Habitat

Chile

Laurace^ or Spicebush Family.
aical or tropical, rarely of temperate
/es rich in spicy, aromatic, hydroc

simple, entire, often leathery an

Shrubs

Bark, wood and

, Leaves alter-

— j

Inflorescenes usually cymose

hermaphrodite or more

Flowers small, green

alyx alone present as a floral whorl, of three
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small Stamens four to twelve in several rows of three

filaments

from
upward. monocarpellary

Fig. 391.

—

Jateorhiza palmata, the source of Calumba—Portion of vine. Note

tendril for winding about a support as this plant climbs. {Sayre.)

solitary pendulous ovule, style simple with usually rounded

stigma. Fruit a succulent berry (Spicebush and "Bacca

laurea") or a succulent drupe (Sassafras). Seeds usually

richly albuminous.

Official Drug
Camphora

Part Used

Ketone

Sassafras Bark of root

Botanical Name
Cinnamomum
Camphora

Sassafras

variifolium

Habitat

Eastern Asia

North America
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Official Drug
Oleum Sassafras

Part Used Botanical Name
Volatile oil from Sassafras varii- *

Habitat

North America

Cinnamomum
root

Bark

Oleum Cinnamomi Volatile oil

folium

Cinnamomum
Loureirii

Cinnamomum
Cassia

Cochin China

China

Unofficial Drugs
Cinnamomum
Zeylanicum

Coto

Laurus

Bark

Bark

Leaves

Cinnamomum
Zeylanicum

Nectandra Coto

Laurus nobilis

Ceylon

Fagot cassia Bark

Clove Bark Bark

Cassia Buds Immature fruit

Cassia Bark Bark

Sassafras Medulla Pith

Cinnamomum
Burmanii

Dicypellium

caryophyllatum

Cinnamomum
Loureirii

Cinnamomum
Cassia

Sassafras

variifolium

Bolivia

Europe

North America

Asia

Brazil

Cochin China

China

North America

Order Rhceadales (Papaverales)

Papaverace*; or Poppy Family.—Herbs or low shrubs.

stem

anastomosing
milky mice, varying from

r/>. or pale-
yellow, as in Celandine (Chelidonium), to red {Bloodroot). Latex

the pith of the plant.

medullary

phloem

from sim
{Platystemon) to pinnatifid, pinnatipartite or even pinnately-
compoi Inflorescence varying from a loose raceme or

iceme of cymes
Papaver, only one large terminal fk

tetramerous or dimerous. Sepals

three. Petals typically four. more
most forms hypogy

^ — j __ —
Flowers regular

two, more rarely

. Stamens indef-

pogyny is modified into perigy Pistil

of sixteen to four, rarely two carpels generally fused together.
Placenta parietal. O numerous, anatropous. Fruit a
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Fig. 392.—Cinnamomum Zeylanicum, the source of Ceylon cinnamon bark

A member of the Lauracea. {Sayre.)

Fig. 393.—Flower of Ceylon Cinnamon {Cinnamomum £eylanicum) . Note

the uplifted lids of the anther locules in dehiscence, the calyx of six sepals (in a), the

perigynous stamens and 1 -celled ovary with pendulous ovule, in b. (Agter Baillon.)
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->

Fig. 394.—Bloodroot (Sanguinaria canadensis), a perennial herb native to rich
open woods of eastern North America. The waxy white flowers and grayish green
5-9-lobed, kidney-shaped leaves make their appearance only in spring. The
rhizome containing a red latex constitutes the drug. It should be gathered in earry
summer, deprived of its rootlets and carefully dried. The drug possesses expectorant
and emetic properties. {Reproduced from U. S. DePt. Agric. Misc. Pub. 77.)
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Fig. 395.—Papaver somniferum—F\owermg branch and fruit. {Sayre.)

capsule (Papaver) or 2-valved pod (Bloodroot, etc.)- Seeds

richly albuminous.

Official Drug
Opium

Part Used Botanical Origin Habitat

Air-dried milky

exudate from

unripe capsules

Sulfate of alkaloid

Hydrochloride of

alkaloid

Alkaloid

Codeine Phosphas Phosphate of alka-

loid

Sulfate of alkaloid

Hydrochloride of

alkaloid

Morphinae Sulfas

Morphinae

Hydrochloridum

Godeina

Papaver somni

ferum and its

var. album

Eastern Mediter-

ranean countries

Codeinae Sulfas

Papaverine

Hydrochloridum
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Offical Drug
Sanguinaria

Unofficial Drug
Chelidonium

Maw seed

Part Used

Rhizome

Entire flowering

plant

Seeds

Papaveris Fructus Unripe capsules

Papaver Rhaeas Fresh petals

Botanical Origin

Sanguinaria

canadensis

Qhelidonium

majus

Papaver somni-

Habitat

United States and

Canada

United States and

Canada
Eastern Mediter-

ferum var. nigrum ranean countries

Papaver somni-

ferum

Papaver Rhoeas

Eastern Mediter-

ranean countries

Europe

Fig. 396. Fig. 397. Fig. 398.

Fig. 396.—Transverse section of flower of Poppy. {Sayre.)

Fig. 397.

Fig.

—Gynoecium of Poppy, with one stamen remaining.
398.—Transverse section of ovary of Poppy. {Sayre.)

{Sayre.)

Fumariace^ or Fumitory Family.—Delicate herbs, rarely

shrubs containing m
alkaloids.

raceme

rodite, zygomo

to watery latex containing

e and more or less compound.
Flowers irregular, hermaph-

sepals 2, petals 4, the two outer often

it the base; stamens 4 or 6; ovary superior,

one-chambered1 -celled with 2 parietal placentas. Fruit a

capsule. Seeds albuminous common

Official Drug
Corydalis

Part Used
Tubers

Botanical Name
Dicentra canadensis

Habitat

Dicentra Cucullaria ) Canada
and

Crucifer^: or Mustard Family.—Herbs, rarely shrubs,

mostly of temperate regions. Many species of this family con-
tain glucosides which on hydrolysis yield pungent volatile oils.

Stem and branches upright or diffuse spreading (Arabis).

Leaves alternate, simple, rarely compound, exstipulate, entire

or toothed, often more or less hairy. Inflorescence at first
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a corymb or shortened raceme, later elongating into a loose

raceme. Bracts at base rarely reduced, usually absent. Flowers

regular, rarely irregular (Candytuft), tetramerous. Sepals four,

green, equal, or two laterals at times pouched as nectar recep-

tacles. Petals four, yellow, white, pink or purple, cruciform,

often divisible into claw and blade. Stamens six, four being

long and anteroposterior in position, two being short and lateral,

Fig. 399.—The Black Mustard, Brassica nigra—Branch. (Sayre.)

hence termed tetradynamous, insertion hypogynous. Pistil

syncarpous, bicarpellate, superior, carpels lateral. Ovary one-

celled but falsely two-celled by a placental replum (a spurious

membranous partition dividing the ovary into 2 locules); style

r bifid or bilobed. Ovules several,

einal placenta. Fruit a siliqua, as in

sim stigma

ma
the mustards or silicule, as in the shepherd's purse {Capsella)

rarely indehiscent, bursting lengthwise by two valves. Seeds

mmous (See Fig. 400.)
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Official Drug Part Used

Oleum Sinapis Volatile oil

Volatile

Sinapis Nigra Seed

Unofficial Drug
Semen Rapae

Armoracia

Sinapis Alba

Capsella

Seed

Root

Seed

Aerial plant

Botanical Name

\ Brassica nigra

I
Brassica juncea

\ Brassica nigra

I Brassica juncea

Brassica napus

Cochlearia Armoracia

Sinapis alba

Habitat

Europe and Asia

Asia

Europe and Asia

Asia

Europe and Asia

Europe

Europe and Asia

Capsella bursa-pastoris Europe

Order Sarraceniales

This order includes several families of plants whose leaves are

modified for the purpose of catching and digesting insects.

—sf/groa

The principal families are the Sana-

ceniacece and Nepenthacece both of which

have their leaves modified as pitchers,

and the Droseracece which includes the

Fly-Traps and Sundews. (See pp.

622-638.)

Droserace^: or Sundew Family.

Herbs {Drosera, Dionaea, etc.) rarely

shrubs (Roridula of South Africa),

growing in bogs or swamps or purely

aquatic in habit (Aldrovanda) . Leaves,

stamens either rosettes or more or less scattered

in alternate fashion over stem, usually

glandular-hairy or sensitive-hairy and

insectivorous. Inflorescence a loose

raceme or cymose umbel. Flowers

regular, pentamerous; sepals five,

Fig.400.—Cruciferae. Floral aposepalous, green; petals apope-

neciar
gland

longitudinal section

{Robbins.)

median

below.
from

ish-pink, pink, scarlet, purple to

hypogy
stamens varying from

rarely fewer carpels. Fruit a capsule. albuminous
Unofficial Drug

Drosera

(Sundew)

Part Used

Entire plant

Botanical Origin
Drosera rotundifolia

Drosera anglica

Drosera longifolia

Habitat

Eastern and west-

ern Hemispheres
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Order Rosales

Saxifragace^ or Saxifrage Family,—Herbs (Mitrewort

(Mztella), Saxifrage (Saxifraga), Alum-root (Heuchera), etc.) or

shrubs {Hydrangea, Philadelphus or Mock-orange, etc.) rich in

tannin content, with opposite or alternate leaves usually devoid

of stipules. Flowers regular, hermophrodite; sepals 5 usually.

Fig. 401.

—

Drosera rotundifolia. Production of a young plant from the leaf of an

older plant. (Gager.)

petals 5 to 10, sometimes absent, petals and stamens perigynous to

epigynous; ovary 3 to 1 celled, free or adnate to upgrown recep-

tacle. Fruit a follicle, capsule, or berry. Seeds small with

copious albumen and tiny embryo.

Official Drug
Hydrangea

Parts Used Botanical Name

Rhizome and roots Hydrangea

arborescens

Habitat

United States

Unofficial Drug
Heuchera Root Heuchera

americana

United States

Hamamelidace^e or Witch Hazel Family.—Shrubs or small

simor large trees. Leaves

veined; stipules deciduous to caducous, paired and slightly fused
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at the bases of petioles. Flowers frequently yellow to yellowish-

white, in axillary clusters or heads or spikes, hermaphrodite or

monoecious; sepals and petals five to four, rarely indefinite,

superior (petals absent in Fothergilld); stamens twice as many as

the petals, but the outer row alone fertile, the inner row being

more or less barren, scale-like; gynoecium of two carpels united

Fig. 402.

—

Liquidambar orientalis, the Sweet Gum—Branch. (Sayre.)

below. Fruit a two-beaked, two-celled, woody capsule dehiscing
at the summit, with a bony seed in each cell, or several, only one
or two of them ripening.

Official Drug
Styrax

(Storax)

Hamamelidis

Folium

Unofficial Drug

Part Used Botanical Name
Bal

Habitat

and inner bark

Leaf

from wood \ Liquidambar orientalis The Levant
I Liquidambar Styraciflua Central America
Hamamelis

virginiana
United States

and Canada

Hamamelidis

Cortex

Bark Hamamelis

virginiana
United States

and Canada
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Fig. 403.

—

Hamamelis virginiana. Upper figure shows this shrub as it appears

in autumn after the leaves have fallen. Note that the plant is in blossom. Lower

figure shows a flowering branch from the same plant. The bright yellow flowers

occur in axillary clusters appearing at the same time as the ripening of fruits from

blossoms of the previous year. A leaf of the plant, commonly known as Witch

Hazel, is shown on p. 239. The recently cut and partially dried twigs and leaves

are used in the preparation of Witch-hazel water or Aqua Hamamelidis.
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Rosacea or Rose Family.—Herbs, shrubs, or trees m
tern >erate regions. Stem and branches upright or creeping

(Strawberry, Cinquefoil), herbaceous to woody. Leaves alter-

nate, stipulate (stipules green, persistent to scaly, deciduous),

com condensing to
asim 5?

Flowers regular, pen-

Fig. 404.—Branch of Quillaja Saponaria, a Chilean tree from whose trunk and
branches Soap Tree Bark is obtained. (Sayre.)

tamerous, either solitary, as in the Peach
Apricot (Prunus armeniaca),

s pers

Wild
cymes, as in Apple (Malus)

racemes

umbels as in Bird Cherry (Prunus Avium) and Sour Cherry

becoming
ovary

times
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Kousso
fruit. Petals usually yellow to white or pink, crimson, rarely
purple, rosaceous, deciduous. Stamens perigynous
(Strawberry, etc.), to semi-epigynous (Rose, Peach, etc.),

Q Pistil apocarpous with
many (Strawberry, Rose) carpels or fewer to five (Apple),
or two to one (Plum, Cherry), becoming falsely fused by union
with upgrowing receptacle (Hawthorn, Quince, Pear, Apple).
Fruit a collection of achenes on dry (Cinquefoil) or succulent
receptacle (Strawberry), or dry follicles (Bridal Wreath), or

pome (Apple, Q
filling seed cavity.

Plum
Pear) . Seeds minous embryo

Some botanists divide this family into three sub-famil

former American System

family

Malacece

se according to this system of classification

and Amygdalacea. Rosaceae include the

genera Geum, Agrimonia, Duchesnia, Fragaria, Potentilla, Wald-
steinia, Cercocarpus^ Spircea^ Rubus, Dalibarda and Rosa.

Malacece include the genera Sorbus (Mt. Ash), Malus (Crab
Apple and Apple) , Amelanchier (Service Berry and Shad Bush),

Pyrus (Pear), Aronia (Choke Berry), Crataegus (Hawthorn) and
Cotoneaster (Christ's Thorn).

Amygdalacece comprise the genera Prunus (Plum group), Padus

(Wild Cherry group) and Amyedalus (Almond and Peach errouD),

Official Drug

Quillaja

Rosa

Oleum Rosae

Rubus Idaeus

Prunus Cerasus

Oleum Amygdalae

Amarae

Part Used Botanical Origin

Prunus Virginiana Bark Prunus serotina

Habitat
United States and
Canada

Inner bark

Petals

Vol. oil

Quillaja Saponaria Chile and Peru

Fresh ripe

fruit

Fresh ripe

fruit

Rosa gallica

Rosa gallica

Rosa damascena

Rubus Idaeus and

Rubus strigosus

Prunus Cerasus

W. Asia and S. Europe
^W. Asia and S. Europe

( Balkans

Europe and Asia

Asia Minor

Vol. oil from Amygdaius commu- W. Asia

kernels nis, Prunus persica,

etc.

Oleum Amygdalae Fixed oil

Expressum

Amygdaius commu- W. Asia

nis (var's.)
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Unofficial Drug
Amygdala Dulcis

Part Used Botanical Origin Habitat

Cydonium

Rosa Centifolia

Rosa Canina

Tormentilla

Rubus

Prunum
Brayera

Seed

Amygdala Amara Seed

Folia Laurocerasi Leaves

Amygdalus commu- W. Asia

nis var. dulcis

Amygdalus commu- W. Asia

nis

Prunus Laurocerasus Asia Minor, Persia

Cydonia vulgaris

Rosa centifolia

Rosa canina

Potentilla silvestris

Seed

Petals

Spurious Fruit

Rhizome

Bark of rhizome S Sect. Eubatus of

and roots

Fruit

Panicles of

pistillate flowers

(genus Rubus

Succus Pomorum Fresh juice of

fruit

Cultivated widely

Western Asia

Europe •

Europe and Asia

United States

Caucasus regionPrunus domestica

Hagenia abyssinica Abyssinia

Malus (cult, var's.) Europe

Fig. 405. Damson
and (Sayre.)

Fruiting branch

Leguminos^ or Pea Family (Fabace^e) .—Herbs
tubercled Stem

( Trifolium repens) com
sim sometimes tendriliform

)les (some Acacia spp.). Inflorescence a

•
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*

Fig. 406.

—

Glycyrrhiza glabra—Branch. (Sayre.) The source of Licorice. The

varieties yielding the drug are perennial herbs with alternate, imparipinnate

leaves and axillary spikes of violet-colored papilionaceous flowers.

Mndard^^

Fig. 407.—Flower of Papilionaceae. A, floral diagram of Vicia jaba; B, sweet

pea flower, dissected, diagrammatic. (From Bobbins, A after Eichler, B after Bergen

and Caldwell.)
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raceme, at times, condensed almost to a head or caoitulum

lp

Mimosa, etc.).

n Krameria)) n
to very irre

(M
pentamerous tetram

irregul

with corolla butterfly-shaped

Sepals five united, green; petals five (rarely

variously related; in Pap

Fig. 40S.~Cassia Senna-Branch showing flower and fruit. (Soyre.)

and posterior is called the standard or vexillum, the two lateral
term the wings or a/*, the two inferior, internal and interior

form Stamens
PopiUonacece united by filaments into a m™c.H,a,„s ktCu, or a
d.adelphous (nine to one) tube, inserted perigynously . Pistil

monocarpellary
sim

loment

Fruit a legume, more rarely becoming transformed

exalbuminous
{Entada scandens). Seeds
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Mimosacece or Mimosa
Legum

regular flowers, often in capitula, the petals of which do not

m
To this group belong the plants yielding Acacia and Catechu.

Ccesalp

imbricate

petal in the flower being overlapped by the 2 side petals. To this

group belong the plants yielding Copaiba, Haematoxylon, Senna,

Cassia Fistula, Brazil Wood, Peach Wood, Sappan and Tam-
arindus. PapilionacecB w

are imbricate

here called the standard, overlaps the 2 side petals and the two

side petals overlap the keel petals. To this group belong the

Balsamum Peruvianum

Tragacantha, Tonka,

stigma, etc.

greek, Galega, Melilotus, Trifolium,

talum Rubrum, Scoparius, Physo-

Offigial Drug
Acacia

Cascara

Amarga
Tragacantha

Balsamum
Peruvianum

Balsamum
Tolutanum

Stantalum

Rubrum

Glycyrrhiza

Senna

Part Used Botanical Origin

Gummy exudation Acacia Senegal and

some other African

Bark

species of Acacia

Sweetia

panamensis

Balsam

Balsam

Heartwood

Rhizome and

roots

Leaflets

and other Asiatic

species

Toluifera Pereirae

(Myroxylon Pereirae)

Toluifera

Balsamum

Habitat
Africa

S. Mexico to

Panama t

Gummy exudation Astragalus gummifer Asia

Central America

Pterocarpus

santalinus

Glycyrrhiza glabra

var. typica

Glycyrrhiza glabra

var. glandulifera

and other var's. of

G. glabra yielding

a yellow and sweet wood

Northern South

America

Indo-China and

S. India

S. Europe, W. and

C. Asia

( Cassia Senna

\ Cassia angustifolia
!

Egypt and the

Soudan

Arabia and Africa
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Official Drug Part Used Botanical Origin Habitat

Copaiba Oleoresin Copaiba species South America

Ghrysarobinum Neutral principle Vouacapoua Araroba Brazil

Kino Inspissated juice Pterocarpus India
• Marsupium

Trifolium Inflorescence Trifolium pratense Europe

( Krameria triandra

{
Krameria argentea

Peru and Bolivia
Krameria Root

Brazil

Physostigminae Salicylate of alka- Physostigma veneno- Africa

Salicylas loid from seed sum

Unofficial Drug -

Baptisia Root Baptisia tinctoria Eastern North

America

Haematoxylon Heartwood Haematoxylon Central America

campechianum

Tamarindus Pulp of fruit Tamarindus indica Tropical Africa

Cassia Fistula Fruit Cathartocarpus India

Fistula

Scoparius Tops Cytisus Scoparius Europe

Galega Flowering herb Galega officinalis S. Europe and Y

*

Asia

Sappan Heartwood Caesalpinia Sappan India, Malaya
Brazil Wood

r

Heartwood Caesalpinia South America

brasiliense

Peachwood Heartwood Caesalpinia echinata South America
Derris

(Tuba Root)
Rhizome and root

( Derris elliptica

} Derris malaccensis

( Malaya

|E. Indies

Cube Root Root Lonchocarpus Spp. South America
Physostigma Seed Physostigma Africa

»

*
venenosum

Melilotus Leaf and flower-

ing top

Melilotus officinalis Europe

Mesquite Gum Gum Prosopis juliflora Mexico
Fenugreek Seed Trigonella Mediterranean

Fcenum-graecum region
Piscidia Bark Piscidia Erythrina West Indies

Indigo Coloring matter Indigofera tinctoria India
Soy Bean

*

Seed Soja max China and Japan
Abrus Seed Abrus precatorius Tropics and su

(Jequirity) tropics

Catechu Extract Acacia Catechu
1

India
Mucuna Hairs from fruits Mucuna pruriens East and West

V

(Cowhage) Indies

Order Geraniales or Gruinales

Geraniace^: or Geranium Family.—Herbaceous
semi sub-shrubby plants. ms cylindrical, often
hairy or glandular hairy. Leaves alternate to opposite, stipulate

;



THE DICOTYLEDONS 541

venation from pinnate to palmate, so leaf shape from ovate to

pinnatifid to pinnatipartite to sub-palmatifid to palmatipartite to

compound palmate. Inflorescence either a dichasial or scorpioid

cyme. Flowers regular, pentamerous (Geranium) to irregular

pentamerous (Pelargonium); sepals five, aposepalous; petals five,

i

Fig. 409.

—

Physostigma venenosum—Portion of plant and fruit. (Sayre.)

apopetalous, varying in color from greenish-white or pink-red to

scarlet, scarlet-crimson to crimson-purple; stamens with anthers

ten or five, hypogynous or inserted into slightly developed

hypogynous disk; pistil pentacarpellary, ovary five-celled with

ovule

column
tigmati Fruit a regma, rarely a sim

macapsule. Rej

dehiscing to set free two or one seeds.

each then

exalbuminous
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Unofficial Drug
Geranium

Part Used

Rhizome

Oil of Rose
I

Geranium
)

Volatile oil

Botanical Name
Geranium maculatum

Pelargonium

odoratissimum

Pelargonium Radula

Pelargonium

capitatum

Habitat

North America

Mediterranean

regions

Linace^e or Flax Family.—Herbs with slender stems and

alternate, simple, narrow leaves.

Inflorescence cymose with regu-

lar pentamerous flowers; pistil

five-carpelled with a five-celled

ovary containing two ovules in

each cavity and having a single

* l

Fig. 410 Fig. 411.

Fig. 410.—Cranesbill (Geranium maculatum), a perennial herb with palmately-

parted leaves, pale purple or rose-purple flowers, a tuberculated rhizome and regma
fruits. The latter, appearing like the bill of a crane, are seen to arise from slender

stalks forming a fork near the center of the picture. (Reproduced from U. S. Dept.

Agriculture Misc. Publ. 77.)

Fig. 411.

—

Linum usitatissimum, an annual herb with linear-lanceolate leaves,

fiber. (Sayre.)

and

stigma While the

commences

mid-rib of each carpel which proceeds until, when plant is in



THE DICOTYLEDONS 543

formed

muci

small enveloping endosperm

seed. Seeds,

large embryo

Official Drug
Linum
Oleum Lini

Part Used Botanical Name Habitat
Seeds

Fixed oil

Linum usitatissimum \ Unknown. Cult, in

Linum usitatissimum S Temperate regions

Erythroxylace^e or Coca Family.—Shrubs {Erythroxylon)

or trees with alternate, simple, entire, glabrous and pinnately

i

a

Fig. 412.

—

Guajacum sanctum—Flowering branch. (Sayre.)

*

veined leaves, the cells of the lower epidermis of which show

papillae. Flowers regular, hermaphroditic, each with five

sepals, five hypogynous petals, ten stamens and a two- to three-

celled ovary subtending three styles, each with a capitate

stigma. Fruit an ovoid, angular, one celled drupe containing

a single seed.
*
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Official Drug
Cocaina

Cocainae

Hydrochloridum

Unofficial Drug
Coca

Part Used Botanical Origin Habitat

Alkaloid Erythroxylon Coca ) Peru and Bolivia,

Hydrochloride of sand other species of > South America

alkaloid Erythroxylon

Leaves Erythroxylon Coca Peru and Bolivia

and E. truxillense

Zygophyllace^ or Caltrop Family.—Herbs, shrubs, or

trees (Guajacum or Guaiac) having jointed, often divaricate

1

Fig. 413.—Citrus Aurantium, the bitter or Curacao orange, a small tree bearing
evergreen leaves with winged petioles, white flowers and a spherical fruit with
bitter, acid pulp. The source of bitter orange peel and volatile oils of the peel and
flowers. (Sayre.)

branches. Leaves usually i

Flowers regular or irregular,

com
pentamerous

officinale). Fruit a capsule.

Official Drug

Guaiacum

Part Used

Resin of wood

Botanical Origin Habitat

W
sanctum ( America
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Unofficial Drug
Guaiaci Lignum

Part Used Botanical Origin Habitat

Heartwood G. officinale and G. \ W. Indies and S

sanctum f America

Rutace>e or Rue Family.

and Buchu) or trees {Orange, .

(j
Grapi Stems

Rutece, elongated and spiny in the

Prickly Ash sub-family or Zjinthoxy-

lea, woody and green in the Citrus

sub-family or Aurantiece. Leaves

alternate or opposite, simple {Buchu),

rarely whorled {Pilocarpus) or pin-

natifid, as in the Rue plant {Ruta

graveolens), or pinnate, as lower parts

of Ruta graueolens, becoming reduced

pinnate in the Orange {Citrus

Aurantium). Leaves exstipulate or

with spiny stipules {^anthoxylum)

.

Stems and leaves abound in more

or less sunken glands. Flowers

pentamerous, varying in color from

yellow in Ruta to white in Citrus to

Rue sub-family

crim

son some

species, rarely to pinkish-purple

{Pilocarp

becomin

i

2

in CitrUS more Or less Fig. 414 —Barosma betulina, the

synsepalous; petals five, apopetalous,
source of Short Buchu, a S.

African shrub. Branch and flower.

becoming more or les

and tubular {Coma

stamens five, simple c

idifli

(Sayre.

)

staminal stipules and more

pistil of ten, five,

with frequently 2 to 1 ovules

carpels, ovary as many
Fruit a capsule

Zanthoxylum) , a hespendium (Citrus) or rarely a samara,

as in the Wafer Ash {Ptelea). Seeds albuminous or exalbuminous.

Many of the plants contain volatile oils in their secretory

cavities.
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Official Drug
Aurantii Dulcis

Cortex

Oleum Aurantii

Part Used Botanical Origin Habitat

Citrus Aurantium var. Northern India

Aurantii Amari

Cortex

Limonis Cortex

Fresh outer rind Citrus Aurantium var. Northern India

of ripe fruit

Vol. oil from

fresh peel of

ripe fruit

Rind of fruit

sinensis

Citrus Aurantium Northern India

Oleum Limonis

Outer rind of

ripe fruit

Vol. oil from

fresh fruit peel

Pilocarpinae Nitras Nitrate of alka-

loid from leaflets

Citrus medica var

Limon

Citrus medica var

Limon

Northern India

Northern India

Pilocarpinae

Hydrochloridum

Hydrochloride of { Pilocarpus

Pilocarpus Jaborandi )

> Brazil

alkaloid from

leaflets

microphyllus

Buchu Leaves

Barosma betulina,

B. crenulata and
B. serratifolia

Zanthoxylum

americanum

Zanthoxylum

Clava-Herculis
Oleum Bergamottae Volatile oil from Citrus Aurantium

S. Africa

Xanthoxylum
(Prickly Ash)

Bark

fresh fruit rind

Northern United

States

Southern United

States

France, Italy

Oleum Aurantii

Florum

Oleum Aurantii

Amari

var. Bergamia
Volatile oil from Citrus Aurantium
fresh flowers

Volatile oil from Citrus Aurantium
fresh peel

Northern India

Northern India

Xanthoxyli Fructus Capsules

Unofficial Drug
Ruta (Rue)

Ptelea (Wafer Ash) Bark of root
Belae Fructus

Zanthoxylum

americanum

Zanthoxylum

Clava-Herculis

Northern United

States

Southern United

States

Leaves

Unripe fruit

Pilocarpus Leaflets

Cusparia Bark Bark

Ruta graveolens

Peltea trifoliata

^Egle Marmelos
Pilocarpus Jaborandi
Pilocarpus

microphyllus

Galipea officinalis

Southern Europe

North America

Malabar, India

Brazil

Venezuela

Simarubace* or Ailanthus Family.—A family of chiefly
tropical shrubs or trees containing bitter principles. The leaves
are mostly alternate and pinnate. The flowers are unisexual or
polygamous and arranged in axillary panicles (Picrasma excelsa)
or m terminal racemes (Quassia amara). The fruit is a drupe
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I

Fig. 415.—Branch of a Quassia yielding plant, Picrasma excelsa. Note the imparipi-
mate leaves with winged petioles and axillary flower clusters. (After Sayre.)

{Picrasma) or pod {Quassia). The plants are distinguished from
those of the Rutacece by the absence of secretory cavities.

Official Drug

Quassia
-

Unofficial Drug

Simaruba

Part Used

Wood

Botanical Origin

J Picrasma excelsa

(Quassia amara

Habitat
West Indies

Surinam

Bark of root
( Simaruba officinalis South America

} Simaruba amara Central America
Bahamas and
Florida

Burserace^e or Myrrh Family.—Shrubs and trees of

:>ical climes haviner secretion reservoirs in their bark whiVh
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contain gum or

com (trifoliate

oil Leaves alternate, exstipulate and

n Commiphora Myrrha). Flowers small,

regular and hermaphrodite,

arranged in racemes or pan-

icles. Fruit

Official Drug
Myrrha
Botanical Origin

Commiphora
abyssinica et al. spp. Arabia

Unofficial Drug

Part Used

Gum resin

Habitat

N. E. Africa and

Part Used

Olibanum
Botanical Origin

Boswellia carterii

Gum resin

Habitat

Africa a

Arabia

r

2

Meliace^ or Mahogany

Family.—Tropical trees or

shrubs with wood often hard,

colored and odoriferous.

Leaves alternate, exstipulate,

pinnately-compound, rarely

simple

cence a

raceme.

dite or

and entire. Inflores-

terminal or axillary

Flowers hermaphro-

mo
cious, regular; sepals five to

small

ogynous; stamensFig. 416.

—

Commiphora myrrha—Branch. £q four h.V]

(%r' } generally ten to eight, rarely

five, very rarely twenty to sixteen, inserted outside the base of the

hypogynous disc; filaments united into a tube; carpels usually

sim

Fruit a drupe (Melia), berry (Vavaea), o

exalbuminous or with fleshv albumen

Seeds

Unofficial Drug
Azedarach

Cocillana

Part Used

Bark of root

Bark

Botanical Origin

Melia Azedarach

Guarea Rusbyi

Habitat

Asia

Bolivia

POLYGALACE^ OR Milkwort Family —Herbs or shrubs

stems



THE DICOTTLEDONS 549

fusely, becoming

mous sim
often lanceolate or linear, exstipulate, alternate. Inflorescence

spike {Polygala Senega) or head {P. lutea). Flowersraceme

Fig. 417.

—

Polygala senega—Plant and rhizome. {Sayre.)

irregular, hermaphroditic with 5 distinct sepals, the 2 lateral

ones being large and petaloid, 5 petals of which the two lateral

>r rudim

stamens.

celled capsule (P. Si

grains barrel-shaped.

ellate pistil. Fruit a two-

drupe or samara. Pollen
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Official Drug
Senega

Part Used

Root

Botanical Origin Habitat

Polygala Senega United States and

Canada

EuphorbiacEvE or Spurge Family.—Often herbaceous

more rarelv shrubbv, rather seldom Stem

leaves and other parts in several genera traversed by latex canals

Fig. 418.—The Castor Oil plant (Ricinius communis). {From Strasburger after Baillon.)

(Manihot. Hev

ramifying cells (Euph

or rows of laticiferous sacs (M
and contain a white latex with acrid often poisonous contents

times Leaves
alternate, exstipulate to stipulate, simple to pinnate or palmate.

Inflorescence cymose. Flowers usually, as in Ricinus, etc.,
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9

pentamerous, monoecious; sepals five, green, aposepalous,

becoming rudimentary or absent in Euphorbia. Petals none or

five more or less petaloid; stamens numerous to ten to five or one

(Euphorbia); pistil in pistillate flowers rarely of twenty to ten

apocarpous or loosely syncarpous carpels (Sandbox tree), com-
monly of three syncarpous carpels with distinct radiate styles;

ovary as many-celled as carpels with two to one ovule in each

cell. Fruit a tricoccoid regma or capsule, rarely winged,

indehiscent, nutlike. Seeds with oily endosperm. Flowers at

times surrounded and subtended by more or less petaloid and

expanded bracts and bracteoles.

Official Drug
Euphorbia

Pilulifera

Stillingia

Part Used Botanical Origin Habitat
Herb Euphorbia pilulifera India

Root Stillingia sylvatica Southern United

Kamala Hairs of capsule Mallotus philip-

States

Asia

Oleum Ricini

Oleum Tiglii

Unofficial

Drug
Tapioca

Elastica

(Rubber)

Cascarilla

Euphorbium
Tung Oil

Fixed oil

Fixed oil

pinensis

Ricinus communis

Croton Tiglium

India

Asia

Starch

Prepared latex

Manihot utilissima South America

Brazil

Bark

Resinous latex

Fixed oil

Hevea braziliensis

and other species

Croton Eluteria

Euphorbia resinifera Morocco
West Indies

Aleurites cordata China

Order Sapindales

Anacardiace^
:in£ in stems a:

Sumac Shrubs

acrid-watery or acrid-opalescent or white-viscid, viscid-acrid

and poisonous. Leaves alternate, rarely opposite, simple (Rhus

Cotinus), three foliate (Rhus toxicodendron) or pinnate (Rhus

glabra, R. venenata, etc.). Inflorescence frequently terminal and

composed of racemes of cymes, often reduced to a simple raceme.

Flowers small, clustered, green, greenish-white to greenish-

green, small

smaller than seoals: stamens

alternate, rarely fewer, sometimes double mber, rarely
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more

y or upon an enlarged disc that

stamens and pistil; pistil mono-

hicarnellarv. verv rarelv. as in

Spondiece, of ten to five carpels, ovary one-celled with single

ovule. Fruit a dr

filling seed cavity.

exalbuminous with large embry

Official Drug
Mastiche

Part Used Botanical Origin

Concrete resinous Pistacia Lentiscus

exudate

Habitat

Grecian Archi-

pelago

Unofficial Drug
Chinese Galls

Japanese Galls

Rhus Glabra

Excrescences

Excrescences

Ripe fruits

Rhus semialata

Rhus japonica

Rhus glabra

Rhus Typhina

Acajou Gum
Ripe fruits

Gum

China

Japan

Canada and United

States

United States

West Indies

Pistachio

Anacardium

Seeds

Fruit

Rhus
Toxicodendron

Fresh leaflets

Rhus typhina

Anacardium

occidentale

Pistacia vera

Anacardium

occidentale

Rhus toxicodendron United States

Western Asia

West Indies

Aquifoliace^ (Iligace^e) or Holly Family.—Trees or

shrubs, chiefly evergreen; leaves alternate, petiolate, simple with

entire to spiny-toothed margin {Ilex opaca or American Holly).

Flowers regular, small, greenish to white, hermaphrodite or

polygamous or dioecious. Fruit drupaceous and containing 4

to 6 nutlets* Caffeine has been obtained from Mate and
Cassena.

Unofficial Drug
Mat6
Cassine (Cassena)

Part Used

Leaves

Leaves

Botanical Name
Ilex paraguariensis

Ilex vomitoria

Black Alder (Prinos) Bark Ilex verticillata

Habitat

South America

Southeastern

United States

North America

CelastracejE or Staff Tree Family.—Shrubs {Evonymus

or Burning Bush), or shrubby climbers (Celastrus or Climbing
Bittersweet). Leaves rarely alternate {Celastrus), usually oppo-

sim I nflores

cence cymes of terminal racemes. Flowers perfect

ma) or polygamo-dioecious (Celastrus). ffreenkh

(Celastrus), greenish or yellowish-white (Evonymus Europ
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greenish-purple {Evonymus americanus) to dark purple {Evonymus

atropurpureus); calyx four- to five-lobed; corolla of four to five

petals; stamens four to five, perigynous, on a disc, which fills the

base of the calyx and sometimes covers the ovary; ovary three- to

five-celled. Fruit a two- to five-celled capsule. Seeds albumi-

Fig. 419.—The Burning Bush or Wahoo, Evonymus atropurpureus. Flowering

branch to left; fruiting branch to right.

mem-
branous aril (Pachystima)

.

Official Drug
Euonymus

Part Used

Bark of root

Botanical Origin

Evonymus

atropurpureus

Habitat

United States

Sapindace^: or Soapwort Family. it

(Paullinia) , undershrubs or rarely herbaceous vines of tropical
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climes (Cardiospermuni) containing the glucoside saponin. Stem
erect or climbing {Paullinia) often provided with tendrils.

Leaves commonly alternate and compound. Flowers in racemes

or panicles {Paullinia) or corymbs (Cardiospermum), perfect or

polygamodioecious, yellowish in Paullinia Cupana. Fruit a

^^^^^^^^^^^^^^^^^ capsule (P. Cupana), samara,

drupe or berry (Sapindus) . Seeds
r-
x

f

*

exalbuminous.

Official Drug
Guarana

Botanical Origin

Paullinia Cupana

Part Used
Dried Paste,made
from crushed seed

Habitat

Brazil

AGERACEiE OR MAPLE
Family.—Chiefly trees, occa-

sionally shrubs, of temperate

watery Leaves

opposite, simple and palmately

lobed or cleft (Acer) or pinnate

(^
*

Fig. 420.—Cascara raceme

(Rhamnus purskiana). Leaf and fruiting

branch. The cured bark constitutes Flowers small

o

)

. Inflorescence a

condensing in some
itulum of cymes.

a valuable tonic-laxative. (Reproduced
gul poly-

Misc.
amous

green
variously colored; stamens usually eight, hypogy or
perigynous stamens or between them

ary samara
green, exalbuminous with coiled or folded embryo

thin cotyledons.

Unofficial Drug
Acer Spicatum

Part Used

Bark
Botanical Origin
Acer spicatum

Habitat
United States

Order Rhamnales

Rhamnace^e or Buckthorn Family.—Shrubs or low trees
usually of branching or spreading habit. Branches either
cylindric, long, green or hardened, checked back and spines-
cent, occasionally, especially flowering branches, developing
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tendrils for support. Leaves sim usually alternate and

stipulate. Inflorescence c^mose. Flowers hermaphrodite

more or less diclinous, pentamerous to tetramerous, greenish

or

greenish to yellowish-white ; sepals five to four; petals

stamens

Fig, 421.—Alder Buckthorn or Rhamnus Frangula—Branch. {Sayre.)

petals, perigynous; pistil either free in center of receptacular

cup or more or less fused with it and so semi-inferior, ovary

three-celled, becoming rar

»ous ovules in each cavity. Fruit of three

cocci each enclosing a single albuminous

mbryo imbedded in albumen
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Official Drug
Cascara Sagrada

Zizyphus

Part Used

Bark

Fran^ula Bark

Rhamnus Cathartica Fruit

Unofficial Drug
Gcanothus Root

Fruit

Botanical Origin

Rhamnus Purshiana

Rhamnus Frangula

Rhamnus cathartica

Habitat

Northern California,

Oregon, Washington,

and southwestern Brit-

ish America

Europe

Asia and Africa

Ceanothus americanus North America

Zizyphus sativa Mediterranean region

Vitace^ or Grape Family.—Rarely tall, herbaceous,

climbing, more upright

Fio. 422.—Northern Fox Grape (Vitis Labrusca). 1, portion of twig, with leaf,

and tendril, about

ft t flower, enlarged; 3, perfect flower (enlarged) with petals removed; 4, longi-

tudinal section of fruit (berry); 5, seeds, natural size and enlarged. {1-4 after Gray;

5, after Engelmannjrom C. E. Bessey, Nebraska Hort. Soc. Ann. Rept. 1895.) (Gager.)
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plants. Stems rarely short, more usually elongate, feeble,
*

rather brittle, climbing by tendrils which represent modified

inflorescence shoots. Leaves alternate, simple to lobed (either

pinnately or more often palmately) to compound-pinnate or

palmate. Perfect graded series of lanceolate leaves with pinnate

veining to palmate veining; from pinnately veined to compound-

pinnate; from palmately veined to compound-palmate. Stipules

greenish to membranous or none. Flowers in racemes of com-

pressed cymes, hermaphrodite or diclinous, nearly always small,

clustered, green to greenish-yellow or greenish-white, rarely

otherwise; sepals five, rarely four, small to minute (mere rim

of receptacle) more or less persistent. Petals five, deciduous to

caducous, typically distinct (in Vitis), united by their tips into

calyptroform corolla, so in June, as Grape Vine flowers expand,

corolla splits at base into five lobes that separate below, being

attached at tips, while whole becomes tumbled off by lengthen-

ing stamens. Pistil bicarpellate. Ovary two-celled, superior

or at most sub-inferior. Ovules two to one, erect. Style short,

often more or less thickened, with terminal, capitate, slightly

two-lobed stigmas. Stamens equal to petals or sepals and

opposite petals. Receptacle internal to stamens, often expanded

into nectariferous girdle or, in Vitis, into receptacular knobs

alternating with stamens. Fruit a berry rarely six- to three-

celled, typically two-celled and with two to one seeds in each

cavity. Seeds like ovules, erect with bony testa. Embryo

small, imbedded at base of cartilaginous albumen.

Brandy or Spiritus Vini Vitis is an alcoholic liquid obtained by the distillation

of the fermented juice of sound, ripe grapes and containing from 48 to 54 per cent,

of ethyl alcohol.

Order Malvales

Sterculiace^e or Cola Family.—Rarely herbs, usually

shrubs or tall, often heavy trees with soft wood and broad annual

rings. The cambium, in developing bast, produces one, two,

three, four, or five alternating layers of hard and soft bast which

in some species of this as well as the Tiliacea or Linden family

form long finger-like processes pushing out into the cortex.

Leaves alternate, sometimes simple and pinnately-veined or

passing to palmately-veined or palmately-compound. Flowers
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hermaphrodite; sepals five, sometimes surrounded by bracteole

forming an epicalyx; petals usually five; stamens typically five

hypogynous, opposite petals, distinct or slightly fused in mon

Fig. 423.

—

Theobroma Cacao, the Chocolate plant. 1. Trunk and branches
bearing fruit. 2. Branch bearing flowers. 3. Single flower. 4. Staminal ring.

5. Stamen. {After Strasburger, Noll, Schenck and Schirnper.)

adelphous fashion {Melochia, Waltheria) or, stamens subdivided
above into few or numerous staminal leaflets, anthers two-celled

;

pistil many- to ten- to five- or four-carpelled ; carpels apocarpous
or more usually partially or completely united. Fruit either
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follicles, or fused to form a capsule of ten or more, frequently five

dehiscent carpels or, carpels splitting asunder into cocci or,

becoming a woody capsular nut ( Theobroma) or, rarely the fruit

may become succulent. Seeds globose or subglobose and often

provided with wings, arils or similar appendages; embryo
straight, large and surrounded by scanty albumen. "'

Official Drug
Oleum
Theobromatis

Part Used Botanical Origin Habitat
Fixed oil Theobroma Cacao Tropical America

Cacao Pra^para- Prepared powder from Theobroma Cacao Tropical America

turn roasted, cured kernels and other species

of seeds

Kola Cotyledons Cola nitida and

other species

Africa

TiltacevE or Linden Family.—Shrubs or trees, rarely herbs,

having stellate hairs on both

stems and leaves. Leaves alter-

nate, pinnately- more rarely

palmately-veined, stipulate.

Inflorescence cymose. Flowers

hermaphrodite, more rarely, by

absorption, more or less dicli-

nous; sepals and petals five each,

more rarely four, sepals decidu-

ous; stamens five opposite the

petals or, as in Sterculiacea> five

phalanges of stamens represent-

ing subdivided stamens {Tilia),

pistil of ten to five or two syn-

carpous carpels; ovary superior.

Fruit either a nut-like drupe Or Fig. 424.— Tilia americana, The

druoe rarelv baccate. American Linden or Basswood. Leaf

and flowering branch. The leafy,

tongue-shaped bract and simple cyme
springing from near the center of its

midrib constitutes the drug "Linden

Flowers." (Reproducedfrom U. S. Dept.

Agric. Misc. Pub. 77.)

^ /

Unofficial Drug
Tilia (Linden

flowers)

Botanical Origin

Tilia species

Part Used

Inflorescence

Habitat

United States and

Europe

Malvaceae or Mallow Family.—Herbs in temperate

ions (as the Mallow, Malva rotundifolia, and Marshmallow
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Althcza officinalis, etc.), occasionally shrubs in temperate regions

{Hibiscus Syriacus or Rose of Sharon, etc.), frequently shrubs or

tall trees in the tropics. Stems, as in Sterculiacece and Tiliacea,

sometimes forming numerous layers of hard and soft bast.

Leaves alternate and stipulate, ovate, ovate-cordate, orbicular

or palmately-compound; venation pinnate or palmate. Stems,

roots and leaves contain mucilage cells. Inflorescence a raceme

inai

locales .

with ovules

Fig. 425.—Median
(Gossypium hirsutum) X 2. {After Robbins.)

or fascicle of cymes. Flowers regul pentamerous ; calyx
green, of five aposepalous sepals but frequently surrounded
outside by an epicalyx. Both calyx and epicalyx are persistent.

more
stamens at their bases, stamens monadelph

forming an upright column

grains

pistil loosely or strongly syncarpous, rarely sub-apocarpous of
thirty to five carpels. Fruit either a circular set of cocci (Malva)
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Fig. 426. Asiatic- or Levant Upland Cotton, Gossypium herbaceum—Branch

(Sayre.)

syp albuminous

mucilaerinous albumen

Official Drug
Althaea

Part Used

Root (peeled)

Gossypii Radicis Bark of root

Cortex (recently)

gathered)

Gossypium

Purificatum Hairs of seed

Botanical Origin

Althaea officinalis

Cultivated varieties of:

Gossypium

herbaceum

Gossypium

Barbadense

Gossypium

hirsutum

Cultivated varieties

of Gossypium

herbaceum

Habitat

Asi

Arabia, United

States, East Indies

West Indies, Egypt,

and India

Arabia, East

Indies, United

States, and India
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Official Drug Part Used

Oleum Gossypii Fixed oil from

Seminis Seeds

Unofficial Drug
Malvae Folia

Botanical Origin

Cultivated varieties of

G. herbaceum and

other Gossypium

species

Habitat

United States,

Asia, Africa and
W. Indies

Leaves

Leaves

Flowers

Althaea Folia

Althaea Flores

(larger mallow (dark colored)

flowers)

( Malva sylvestris

/ Malva rotundifolia

Althaea officinalis

Althaea rosea

\ Europe

Europe and Asia

Europe

Malvae Flores

(mallow flowers)

Ambrette Seed

Flowers

Seed

( Malva sylvestris

•J

Europe

Hibiscus Abelmoschus India

/Malva rotundifolia

'tZ^TlrZ^'lT hi"^}-. *— boU opened out; B,

(Robbins.)

Order Parietales

most
have parietal placentation, separate sepals and
stamens. Belonging to this order are

numerous
Viol

John's Worts, Damiana, Passion Flowers, Rock Roses
Gamell
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Theage^: or Tea Family (Ternstrcemiace^, Cammeli-
ace^).—Evergreen shrubs or low branching, or tall, often heavy

watery most
evergreen, often leathery, sometimes membranous; stipules

mar
sinuate or serrate ( Thea) . Inflorescence a raceme becoming by
condensation terminal, one-flowered. Flowers regular, perfect,

pentamerous; sepals five, rarely four to three, deciduous,

occasionally subtended by bracteolar scales; petals five, brittle

and succulent, varying from greenish-white or greenish-yellow

crimson

;
stamens

taminal 1

mature

mono- to polyadelphous; stamens inserted hypogynously or

perigynously and opposite the petals; pistil of typically five

syncarpous carpels but reduced in some species to four to three

or two. Fruit usually a capsule (Thea), five- to three-celled,

dehiscing longitudinally, more rarely a fleshy, semi-baccate,

semi-drupaceous, indehiscent fruit. Seeds with scanty or no
albumen and often attached to the inner angle of cells by project-

ing spongy placentas.

Official Drug Part Used Botanical Origin Habitat
Caffeina Feebly basic Thea sinensis Eastern Asia

substance varieties, etc.

Unofficial Drug
Thea (Tea) Leaves Thea sinensis var. Eastern Asia

Bohea and viridis
l

F

Guttiferje or Gamboge Family.—Tropical trees (Gamboge
and Mangosteen), rarely shrubs, containing resinous principles

in schizogenous resin canals found in cortex and pith. Leaves

opposite, coriaceous. Flowers dioecious, generally pentamerous

or tetramerous with usually five stamens which are subdivided.

Fruit a berry (Garcinia Hanburyi), drupe or capsule. Seeds

generally large; embryo large to huge, often with enlarged

radicle and reduced or absorbed cotyledons.

Official Drug Part Used Botanical Origin Habitat

Cambogia Gum resin Garcinia Hanburyi \cw
'

H A



564 PHARMACEUTICAL BOTANY

Hypericace^ or St. John's Wort Herbs or shrubs

of temperate climes with opposite (Hypericum perforatum), rarely

whorled branches and balsamic, resinous juices, which, in the

herbaceous species, are secreted by black or pellucid glands

Leaves entire, opposite, usuallyma

Fig. 428.

—

Garcinia Hanburyi—Branch of Gamboge plant. (Sayre.)

sessile, exstipulate, and dotted. Flowers, regular, hypogynous

and arranged in panicles or forked cymes. Petals usually 5.

Stamens usually indefinite, rarely definite, often in 3-5 sets,

more rarely monadelphous or free. Pistil of usually 3-5 carpels

with 3-5 celled, compound ovary and as many filiform styles as

carpels. Fruit a capsule with usually septicidal dehiscence
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{Hypericum) or

exalbuminous
small, numerous

Unofficial Drug Part Used Botanical Origin Habitat
Hypericum Entire plant Hypericum perforatum Europe

Canellace^e Family.—Trees the bark of which contains aro-
Leaves alternate, pellucid-punctate. Flowersmatic

gular, golden-yellow, and arranged in terminal
cymes many
and fleshy albumen.

Official Drug Part Used Botanical Origin Habitat
Canella Inner bark Canella Winterana \ Florida and West

(Indies
m

Bixace/e Family.—Tropical shrubs or trees. Leaves alter-

nate, simple with minute or no stipules. Flowers hermaphrodite
or unisexual, regular; stamens hypogynous, mostly indefinite

with anthers opening by slits, rarely by one or two apical pores
(Bixa). Fruit fleshy or dry. Seeds with fleshy albumen and
sometimes covered with a fleshy arilus (Bixa Orellana).

Unofficial Drug Part Used Botanical Origin Habitat
Annatto Coloring matter Bixa Orellana j Tropical America

(and Madagascar

FLACouRTiAGEiE or Flacourtia Family.—A family of

chiefly tropical trees and shrubs with simple, alternate leaves,

staminate, pistillate and hermaphrodite flowers, frequently

mous ha one-celled ovary. The fruits

are either berries ( Taraktogenous Kurzii or Leprosy plant), drupes
or rarely capsules. The seeds are albuminous.

Official Drug Part Used Botanical Origin Habitat
Oleum Fixed oil from /Taraktogenos Kurzii Burma
Chaulmoograe seeds j Hydnocarpus

Wightiana India

Hydnocarpus

anthelmintica Cochin China

Violace^ or Violet Family.—Herbs or shrubs. Stems
upright, rarely creeping, spreading or acaulescent. Leaves
either cauline or radical, stipulate, alternate, simple to pinnatifid

or palmate.
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Flowers pentamerous, regular or irregular ( Viola) and some-

times cleistogamous; sepals 5; petals 5, unequal, the lowermost

often spurred at the base; stamens 5, hypogynous, with adnate,

introrse anthers and usually closely arranged or coherent

around the ovary, in Violets the two lower stamens bearing spurs

which extend into the spur of the corolla; ovary, sessile, one-

celled with 3 to 5 parietal placentas; style usually club-shaped.

Fruit a loculicidaily dehiscent capsule {Viola), rarely baccate.

Seeds albuminous.

Unofficial Drug Part Used Botanical Origin Habitat
Pansy Entire herb Viola tricolor Temperate regions

Viola Odorata Fresh flowers and Viola odorata Europe
root

Turnace^e or Damiana Family.—Tropical herbs, shrubs or

trees. Leaves alternate, simple, petioled, exstipulate. Flowers
perfect, regular, axillary, pentamerous with one-celled ovary.

Fruit a capsule with three valves. Seeds strophiolate with
albuminous embryo.

Official Drug Part Used Botanical Origin Habitat
Turnera diffusa ( California, Lower

Damiana Leaves
-j Turnera ) California, Mexico, S.

aphrodisiaca (America, West Indies

PassifloracejE or Passion Flower Family.—Herbaceous
or woody vines climbing by tendrils. Leaves alternate,, simple,
entire, lobed or compound. Flowers perfect or imperfect,

solitary; peduncles jointed at the flower; perianth petaloid with
urceolate or tubular tube and four to five or eight to ten partite

and two-seriate limb, the throat usually crowned by one or more
series of subulate filaments which are frequently colored; gyno-
phore elongating, supporting the stamens and pistil. Fruit a
one-celled berry (Passiflora) or a three- to five-valved dehiscent
capsule containing numerous seeds.

Unofficial Drug Part Used Botanical Origin Habitat
Passiflora Flowering and fruiting top Passiflora incarnata United States

Caricace^: or Papaw Family.—A family oflatex-containing

trees composed of two genera indigenous to tropical America
Of chief pharmaceutic interest is the species Carica Papaya the
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Melon
ferment. This plant is a tree about 20 feet high which

bears at its summit a cluster of deeply lobed, petiolate leaves and

dioecious flowers. The fruit is a berry, the size of one's head and

contains an acrid milky juice

from which papain can be pre-

cipitated by the addition of

alcohol.

Cistace^ or Rock Rose

Family.—Herbs or shrubs whose

stem and branches are often
-

glandular, pubescent or tomen-

tose, with simple or stellate tri-

chomes. Leaves simple, entire,

the lower ones opposite, upper

alternate. Flowers perfect,

regular, terminal, and solitary or

in cymes or unilateral racemes;

sepals five, the two external ones

often bractiform or wanting; Fig. 429.—Passion Flower or May-
.

petals five, as in Helianthemum or

Rock Rose and Hudsonia, rarely

three or none, as in Lechea Or palmately 3-cleft leaves and axillary

Pinweeds; Stamens hypogynoUS, tendrils. The flowers possess a lavender

pop (Passiflora incarnata), a climbing,

perennial herb used as a motor de-

pressant in neuralgia, etc. Note the

• i r • , 1^1 n or pink and purple corona.
indefinite; carpels three to five,

ovary free, one-celled. Fruit a one-celled, three- to five-valved

capsule.

Unofficial Drug Part Used Botanical Origin Habitat

Helianthemum Herb Helianthemum canadense Eastern United States

Order Opuntiales.—Cactace^e or Cactus Family.—
Herbaceous, rarely arborescent (Cereus giganteus or Giant

Cactus), more or less succulent plants living in warm, dry

(Pereskia), usually desert situations, rarely becoming epiphytic

and correspondingly modified. Stems, accordingly, varying

from elongate, slightly enlarged, green (Pereskia), to flattened

and ribbed (Selenicereus) , to flattened and shortened as in the

Prickly Pear (Opuntia)
y
to condensed (Echinocactus, Echinocereus

>
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etc.) (A/< Leaves alternate, stip-

more

becoming reduced, green and semicircular (Opiintia), or modified

into spines, or wholly absorbed. Flowers regular, solitary, or

fascicled in axils of leaves; sepals five; petals similar to sepals,

petaloid, small to much enlarged, in color varying from yellow

to white or from yellow to yellowish-pink, pink, scarlet or crim-

son: stamens indefinite, inserted at varvine- levels in the throat

F"

'"*&*'

t

<r<r

A B
Fig. 430.—The peyote cactus, Lophopkora Williamsii, a perennial herb whose

dried tops yield the drug known as peyote or mescal buttons. This drug has been
used by the Aztec and Kiowa Indians as an intoxicant in their religious ceremonies.
A, side view; B, view from above; *, t\ tubercle; r rib; t\ scar of tubercle of older
growth. X H-

of a greatly expanded upgrown receptacle; pistil generally
tricarpeliary; ovary inferior, often deeply sunk in upgrown

:ular part; style thread-like, divided above into as many
stigmas as cai

ous small see<

Official Drug
Cactus

exalbuminous
numer

Part Used

Fresh succulent

Botanical Origin Habitat

Grandiflorus stem. j
Selenicereus grandiflorus f Jamaica

Unofficial Drug
Peyote Crown of plant Lophophora Wiliiamsii Mexico

Order Myrtales or Myrtiflor^

most
tetramerous It contains
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in addition to the families here considered the Rhizophoracece or
Mangrove Family, the Onagracea or Evening-Primrose Family

Willow Herbs (Epilobium)

Primroses

Trap

Fig. 431. Mezereum

(Sayre. )

Fruiting branch and flowers.

taining the Water-Chestnut or Trapa natans and the Lecythidacece

or Monkey-Pot Family which contains the Brazil-Nut whose
seeds are edible.

Thymel^eace^ or Mezereum Family.—Shrubs {Daphne

Mezereum) or low trees, usually of branching habit, the stems

developing long tenacious bast fibers. Leaves alternate, rarely
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simole, varying from

to ovate. raceme Flowers

amous or dioecious, small, with calyx

perianth parts developed. This

Mezereum. Sepals usually fused

perianth. Stamens

crimson-

p

form a tub

in xph

iphne Mezereum) inserted

monocaroellarv; ovary superior, m
ovule iph

Official Drug Part Used

Mezereum Bark

Botanical Origin

Daphne Mezereum
Daphne Gnidium

Daphne Laureola

Habitat

Asia

Lythrace^ or Loosestrife Family.—Herbs, as Swamp
Loosestrife (Decodon), Cigar plant (Cuphea) etc., shrubs (Law-

sonia) or low trees containing astringent principles. Leaves

either alternate, opposite or whorled, simple, exstipulate, usually

lanceolate to ovate, entire, often glandular, viscous and contain-
i

ing idioblasts. Stems and leaves possess bicollateral bundles.

Inflorescence a raceme, spike, or condensed cyme. Flowers

perfect, often dimorphic or trimorphic, as in the spiked or purple

loosestrife {Lythrum Salicaria), usually regular, but pass more or

less to irregular, sometimes very irregular as in genus Cuphea;

Calyx tubular, 3 to many toothed, the tube ribbed; sepals seven to

four, petals equal in number and alternate with the inner teeth

of the calyx, inserted on the mouth of the calyx tube, rarely

absent; stamens fifteen, ten, or five in alternate rows of five each,

inserted hypogynously or perigynously; pistil six-, five-, four-,

two-, to one-carpeled with as many cavities in the ovary and
numerous small ovules; style elongate with knobbed or 2-lobed

stigma Fruit a capsule. Seeds anatropous, exalbuminous.

Calcium oxalate occurs in rosette aggregates and monoclinic

prisms.

Unofficial Drug
Lawsonia

Part Used

Leaves

Botanical Origin

Lawsonia inermis

(Henna)

Habitat
N. Africa tc

E. India

Granatace^: (Punicace^e) or Pomegranate Family.—

A

small family of shrubs and trees all of which are included in the
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single genus Punka. Leaves opposite to whorled, entire, glabrous

and extipulate.

granate [Punka

hermaphrodite, scarlet in the Pome-
solitary or aggregate, terminal, calyx

>etals inserted to calyx throat: stamens

numerous; in many series, inserted below the petals; ovary

inferior and imbedded in upgrown receptacle, its upper portion

7 to 5 celled with parietal placentation, its lower portion 3 celled

with central placentation: style filiform: stigma capitate: ovules

r

Fig. 432.—The Pomegranate, Punica Granatum—Branch with flowers. {Sayre.)

numerous, anatropous. Fruit a spherical, baccate capsule— —
3

„ „ Vj— _—

crowned by the persistent calyx mem
branous septa.

Official Drug

numerous, exalbuminous

Part Used
Pelletierinae Tannas Mixture of tannates

Botanical Origin

Punica Granatum

Habitat

India

of the alkaloids

Unofficial Drug
Granati Fructus

Cortex

Granatum

Rind of fruit

Bark of stem and

root

Punica Granatum India

lybt

MyrtacejE or Myrtle Family.—Rarely herbs {Careya)

stly shrubs or trees, some being the tallest trees known (Euca-

s) . Stems often tend to develop cork in flakes which separate
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much as in the Buttonwoods. Leaves rarely alternate, nearly

always opposite, entire, often glistening, subcoriaceous tocoria-

Fig. 433.— The Blue Gum Tree, Eucalyptus Globulus,—Branch. (Sayre.)

ceous (Eucalypti*

upon branches. cymose, at times forming
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cymes, becoming condensed into small

cyme
rom

•ment of the stamens mmetrv rarely hexamerous

pentamerous, not infrequently reduced to tetramerous

Fig. 434.

—

Caryophyllus aromaticus. (Sayre.)

{Clove); sepals five, six or four, aposepalous, or synsepalous at base,

superior, and inserted around the edge of an expanded, upgrown,

from erreen and more
lypt

number to the sepals, more

g in color from

iphyllus) or from
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whitish to pink, scarlet, crimson, purple and blue, petals some-

times synpetalous and cup-like, detaching as the flower opens;

stamens usually indefinite and epigynous, varying in the color

of their filaments as do the petals; pistil rarely of ten to six carpels

usually of five, not infrequently, as in Clove, of four carpels;

ovary inferior or semi-inferior, as many-celled as there are carpels

and with central placentation; style elongate; stigma undivided.

Fruit either a hard, woody indehiscent nut (Brazil Nut), a

capsule dehiscing at apex {Eucalyptus) or berry {Caryophyllus).

Seeds exalbuminous.

Official Drug
Oleum Eucalypti

Part Used

Volatile oil

Eucalyptol

Caryophyllus

Organic oxide

Flower buds

Oleum Caryophylli Volatile oil

Botanical Origin

Eucalyptus Globulus

and some other

Eucalyptus sp.

Eucalyptus Globulus

Caryophyllus aro-

maticus

Caryophyllus aro-

maticus

Habitat

Australia

and

Tasmania

Molucca Islands

Eugenol Aromatic phenol Caryophyllus aro-

maticus

Oleum Pimentae Vol. oil Pimenta officinalis

Volatile oilOleum Myrciae

Unofficial Drug
Bay Leaves

Eucalypti Gummi Dried gummy

Pimenta acris

West Indies

Central America

Mexico

West Indies

Leaves Pimenta acris West Indies

exudate

Eucalyptus

Oleum Cajuputi

Eucalyptus rostrata Australia

and other sp. of

Eucalyptus

Sythe-shaped leaf Eucalyptus Globulus Australia

Pimenta

Volatile oil from ( Var's. of Melaleuca
leaves and twigs

(
Leucadendron

Fruit Pimenta officinalis

East Indies

West Indies

Combretace^ or Myrobalans Family.—Mostly tropical

shrubs and trees containing considerable tannin. Leaves
exstipulate, alternate or opposite, simple, pinnately veined,
entire or toothed. Inflorescence a raceme, spike or head.
Flowers regular, perfect or imperfect. Fruit a drupe, frequently
longitudinally winged, containing a single seed.

Unofficial Drug
Combretum

Part Used
Leaves

Botanical Origin

Combretum
sundaicum

Habitat

Sumatra
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Order Umbellales or Umbelliflor^

This order includes the Ginseng Family (Araliacece) repre-
sented by Ginseng, Spikenard, and Virginian Sarsaparilla, the
Umbellifera or Parsley Family which contains Fennel, Anise,
Coriander, Caraway, Poison Hemlock, Water Hemlock and
other medicinal plants, and the Dogwood Family (Cornacece)

which includes the Dogwoods and Sour Gum. All of these

families agree in usually possessing inflorescences consisting of

umbels and flowers with an inferior ovary and a single whorl of

stamens.

Araliace^ or Ginseng Family.—Herbs, as Ginseng {Panax

quinquefolium)
, English Ivy (Hedera Helix), Wild or Virginian

Sarsaparilla {Aralia nudicaulis) , etc., undershrubs {Aralia hispida,

etc.), shrubs, as Bristly Sarsaparilla {Fatsia horrida), or trees, as

Hercules Club {Aralia spinosa), with stems which are more or less

hollow along internodes and solid at nodes. Leaves alternate,

varying from simple to trifoliate or to multipinnate (tropical

Aralias) or passing by telescoping into compound-palmate.
Leaves serrate-margined and along with stem they develop
volatile oil, resin and gum contents in secretion reservoirs.

Inflorescence varying from a raceme of umbels to a raceme and
even to condensed racemose umbels. Flowers regular, generally

pentamerous, small, generally inconspicuous, green, greenish-

yellow to rarely white, usually hermaphrodite but sometimes

polygamous or dioecious; sepals five, rarely four; petals five,

rarely four, often greenish to greenish-yellow, occasionally white,

seldom pink in color; stamens varying from indefinite to ten to

commonly five, opposite sepals, and, like sepals, epigynous in

insertion; anthers versatile; pistil occasionally fifteen- to ten-,

usually five-carpellate; ovary as many celled with one or rarely

two pendulous ovules in each cavity; styles distinct ending in

knob-shaped stigmas. Fruit a berry. Seeds albuminous, with a

single seed coat.

Official Drug Part Used Botanical Origin Habitat
Aralia Rhizome and Aralia racemosa Eastern United

(Spikenard) roots States and

Canada
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Unofficial Drug .

Aralia Nudicaulis

Part Used

Rhizome

Botanical Origin

Aralia nudicaulis

Aralia Spinosa • Bark

American Ginseng Root

Chinese Ginseng

Panax Repens

Root

Rhizome

Habitat

Eastern United

States and

Canada
Aralia spinosa Eastern United

States

Panax quinquefolium North America

Panax Ginseng

Panax repens

E. Asia

Japan

Umbellifer^e or Parsley Family.—Herbs (Anise, Fennel,

Sweet Cicely, Poison Hemlock, etc.), rarely shrubs, often of

rapid growth, and with upright, fistular (hollow at internodes,

solid at nodes), often grooved and ridged stems. Leaves alter-

nate, compound and usually much divided, exstipulate, but with

expanded sheathing and flattened leaf base (pericladium) , that

ensheathes the stem. Inflorescence a simple or often compound
umbel surrounded by an involucre of bracts or of bracteoles.

Flowers small, pentamerous, with inferior ovary and superior

floral parts. Sepals minute, tooth-like, inserted above inferior

ovary, or absorbed. Petals small, usually yellow to white, rarely

pink to purple, distinct, each with inflexed tip. Stamens five,

epigynous, inserted below a nectariferous, epigynous disc,

incurved in bud. Carpels two, fused into bicarpellate pistil.

Ovary two-celled, with one pendulous ovule in each cell, ovarian

wall traversed by oleoresin canals; styles two, distinct above the

nectar disc or stylopod. Fruit a dry, splitting fruit or cremocarp,

that splits lengthwise into two mericarps which hang for a time

by a forked carpophore. Seeds single in each mericarp,

albuminous, each with a single seed coat.

Official Drug
Anisum
Oleum Anisi

Part Used
Ripe fruit

Volatile oil

Anethol

Foeniculum

Oleum Foeniculi

Sumbul

Botanical Origin

Pimpinella Anisum
Pimpinella Anisum

Methyl ether of ( Pimpinella Anisum
para-pro- *{ Foeniculum vulgare

penyl phenol

Ripe Fruit

Volatile oil

\ Rhizome and

Habitat

I
Asia Minor, Egypt

) and Greece

\ roots

Foeniculum vulgare ) Mediterranean
Foeniculum vulgare ) region
Ferula Sumbul or Asia
other closely

related spp. of

Ferula having a

musk-like odor



THE DICOTYLEDONS 577

Official Drug
Carum
Oleum Cari

*

Asafoetida

Part Used
Fruit

Vol. oil

Gum resin

Coriandrum Ripe fruit

Oleum Coriandri Volatile oil

Apii Fructus Ripe fruit

Unofficial Drug
Angelicae Fructus Ripe Fruit

Angelicae Radix

Conium

Ammoniacum

Galbanum

Apiol

Rhizome and

roots

Unripe fruit

Gum-resin

Gum-resin

Root

Root

Imperatoria

(Masterwort)

Levisticum

(Lovage)

Pimpinella

Petroselinum

Petroselini Radix Root

Roots

Ripe fruit

Oleoresin from

root

Botanical Origin

Carum Carvi

Carum Carvi

Ferula foetida, F.

Assa-faetida, F.

rubricaulis, etc.

Coriandrum

sativum

Coriandrum

sativum

Apium graveolens

Habitat

Europe, Asia

Persia and

Afghanistan

Mediterranean

and Caucasius

regions

Southern Europe

Northern Europe

and Siberia

Angelica Archangel- Northern Europe

ica and other and Siberia

species of Angelica

Angelica Arch-

angelica and other

species of Angelica

Conium maculatum Europe

Dorema
Ammoniacum

Ferula galbaniflua

Persia

Imperatoria

Ostruthium

Persia and

Afghanistan

Europe

Levisticum officinale Europe

\ S
mp

!

ne
!!

a Saxifraga
[ Central Europe

f Pimpinella magna )

Petroselinum

sativum

Southern Europe

i and Asia Minor

Cornace^e or Dogwood Family.—Herbs, as Bunchberry

shrubs

Dogwood (Cornus florida)

Gum (Nyssa etc. sim

Gum) umbel
or determinate head (glomerule) , the whole being surrounded by

an enlarged and more or less petaloid involucre. Flowers

regular, rarely pentamerous, more frequently tetramerous;

sepals usually four, small, tooth-like or absorbed; petals usually

four, small, greenish to yellowish to white (Cornusflorida) , rarely

pink or crimson; stamens four or five, alternate to the petals and

inserted with the sepals and petals epigynously around and
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between the nectar disc; pistil syncarpous, bicarpellate, rarely

tricarpellate; ovary as many celled with one pendulous ovule in

Via. 435.

and
hemlock. Note spotted stems,

The poisonous

criminals as a means of capital punishment,

ancient

/7 / »*- v*^>v*«_«.

bilobed stigma. Fruit

with single seed coat.

sim rounded or slightly

Seeds albuminous
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Unofficial Drug
Cornus

Part Used
Bark of root

Botanical Origin

Cornus florida

579

Habitat
Eastern United States

and Canada

Sub-glass—Sympetal^e (Gamopetal^e or Metachlamyde^eJ

A division of dicotyledonous plants in which the flowers

possess both calyx and corolla, the latter with petals more or less

united into one piece.

Order Ericales

sewa

Ericaceae or Heath Family.—Sub-herbaceous, as Pipsis-

(Chimaphila), suffruticose, as the Heather (Calluna),

1

*>

Fig. 436. Fig. 437.

Fig. 436.—Wintergreen {Gaultheria procumbens), an aromatic, evergreen, peren-

nial with ovate leaves, nodding, white, urn-shaped, axillary flowers and red, berry-

like fruits, each of the latter representing a 5-celled capsule enveloped by a fleshy

calyx. Native to sandy soils in cool, damp woods of Eastern North America.

(Reproducedfrom U. S. Dept. Agric. Miscellaneous Publication 77.)

Fig. 437.—Pipsissewa (Chimaphila umbellata) on left. The two plants on right

are Chimaphila maculata, the spotted pipsissewa" or "spotted wintergreen." (Repro-

ducedfrom U. S. Dept. Agric. Misc. Publ. 77.)

fruticose (Azaleas, Mountain Laurel, etc.), rarely sub-arborescent

{Arbutus unedo or Strawberry Tree) plants. Roots fibrous, often

:lv tuberous or more or lessrarsaprophytically associated,

enlarged. Stem upright, ascending or creeping, more
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woody, through a saprophytic or parasitic connection

becoming soft, annual and white above ground

Pipe (Monotrop ifi Leaves alternate, sim entire,

exstipulate, rarely soft, delicate, herbaceous (Azaleas), usually

more $ (Pine

Monotropa, etc) becomin

yellowish-white to white and correspondingly saprophytic.

raceme

Arctostaphylos Uva Ursi> etc.) but raceme

racemose umbel

(M

terminal

anther

corolla

filament

^Ilnectar
and

\aluK tube'
locum wilh .

ovules

Fig. 438.—Flower of a Blueberry {Vactinium) . A, mediam lengthwise section;

£, external view. {Robbins.)

trop iji< Flowers gular, passing to irregular >do

pentamerous or tetramerous: sepals five to four
fewer, apo- to synsepalous sometimes

more

(Arctostaphyl

Bearberry
two

iphyl

n Mountain Laurel (Kalmia) to urceolate

z, etc.), yellow to white or through
crimson to crimson-purple; stamens ten

five to four each, becoming by absorp-
o four only, hypogynous, epipetalous or

or apical slits; pollen sometimes
agglutinated into long viscous threads; pistil five- to four-,
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rarely six- to eight-carpeled, superior, rarely semi-inferior to

inferior, as in Blueberries (Vaecinece); ovary as many celled as

there are carpels; style elongated, filiform, usually five- to four-
*

lobed. Fruit a capsule, as in Epigcea repens or Trailing Arbutus,

a berry, as in Blueberries and Cranberries {Vaccinium) and

Fig. 439.—Arctostaphylos Uva ursi. 1. Twig bearing spatulate leaves and urn-

shaped flowers. 2. Flower in longitudinal section. 3. Pollen tetrad. 4. Fruit.

5. Cross section of fruit. X 2-5. {From Strasburger, Noll, Schenck and Schimper

after Berg and Schmidt.)

Wintergr

Gaultheria proc

Official Drug Part Used

sm

Botanical Origin Habitat

United States,

Chimaphila Leaf Chimaphila umbellata \ Canada, Northern

Europe and Asia

Northern United

Arctostaphylos Uva Ursi \ States and Canada,

Europe and Asia

Methylis Salicylas Volatile oil Gaultheria procumbens United States and

Uva Ursi Leaf

(in part) Canada

Unofficial Drug
Gaultheria Leaf

Vaccinium Leaf

Neomyrtillin Glucoside

Gaultheria procumbens United States and

Canada

Vaccinium corymbosura ^^ ^^
et al. spp. Vaccinium

Order Ebenales

Sapotace^e or Star Apple Family.—Tropical shrubs or

trees (Palaquium) characterized by the presence of laticiferous sacs
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stems and

leaves. evergreen

Fig. 440.—The manzanita (Arctostaphylos manzanita), an ericaceous shrub growing
in western United States and common on hillsides near the Pacific coast. (After

Stanford, General and Economic Botany, D. Appleton-Century Co., publishers.)

Flowers perfect, large and axillary. Fruit a berry (Palaquium)

rarely a capsule (Ponteria).

Unofficial Drug
Gutta Percha

Part Used Botanical Origin Habitat
Purified coagulated Various species of Malay Archipelago
milky exudate

Chicle Dried latex

Palaquium and
Payena

Achras Sapota

Balata Dried latex Mimusops

globosa

Mexico and Central

America

West Indies and S.

America

Styrace^e or Benzoin Family.—Shrubs or low trees.

Leaves alternate to opposite, entire, often acuminate and
irreexstipulate.

in condensed fascicles or solitary in the axils of the leaves; sepals
and petals typically five each; corolla often white, rarely pinkish
or yellowish; stamens many to four to two, perigynous or sub-
hypogynous; pistil bicarpellary or four to five carpellate. Fruit

as

drupe-like or dry, often winged and rarely as many
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Official Drug Part Used Botanical Origin Habitat
Styrax Benzoin East Indies

Benzoinum <? Balsamic resin
Styrax tonkinensis Siam
or other species of

Styrax

Order Gentianales

Oleace^: or Olive Family.—Shrubs, as Lilacs (Syringa),

Golden Bell (Forsythia) or trees (as the Ash (Fraxinus), Olive

stems

simswollen or enlarged nodes. Leaves opposite, decussate,

rarely pinnately-compound (Ash). Inflorescence dichasial or

scorpioid cymes but tending constantly toward condensation and,

so in the Lilac, the inflorescence becomes a clustered raceme of

cymes (thyrsus). Flowers regular, pentamerous or tetramerous;

sepals small, green, rarely petaloid, synsepalous; petals syn-

petalous, elongated into a narrow tube, expanding above into a

stellate limb; stamens very rarely five, rarely four to three, nearly

always two, epipetalous and high set on corolla tube; pistil

bicarpellate, rarely of three to four carpels; ovary two-celled with

two to one pendulous ovules in each cavity. Fruit either a

capsule (Lilac), drupe (Olive), berry (Privet) or a winged inde-

hiscent akene (Ash). Seeds with moderate to scanty albumen,

becoming occasionally exalbuminous.

Official Drug Part Used . Botanical Origin Habitat
Manna Dried exudation Fraxinus Ornus Southern Europe
Oleum Olivae Fixed oil Olea europaea Southern Europe,

Algeria, Asia

Chionanthus Bark of root Chionanthus virginica Southern United

States
m

Unofficial Drug
Fraxinus Bark Fraxinus americana Northern United

States and Canada

Loganiace/E or Logania Family.—Herbs (Spigelia or Pink

Root, etc.), woody vines (Gelsemium or Yellow Jasmine, etc.) or

trees (Strychnos Nux Vomica, etc.) with a bitter juice usually con-

taining alkaloids. Stem, rarely herbaceous, usually woody,

often long climbing and rope-like (Gelsemium), usually with a

bicollateral bundle system. Leaves opposite, stipulate or

exstipulate. Inflorescence racemose or cymose (Spigelia) (scor-
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pioid cyme in Strychnos), sometimes condensed into solitary,

axillary flowers. Flowers perfect, usually regular; calyx gamo-

sepalous; corolla gamopetalous, hypogynous, rotate, campanulate

Fig. 441.

—

Strychnos Nux-vomica—Flowering branch and seeds. (Sayre.)

or infundibuliform ; stamens inserted on the corolla tube or

throat and with thread-like filaments; ovary superior, two-celled;

style elongate with bifid stigma; ovules numerous. Fruit

a capsule, septicidally dehiscent (Gelsemium sempervirens) or

(Spigelia manlandica) , sometimes a berry
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-
>

!

Fig. 442.—Pinkroot (Spigelia marilandica) a perennial herb of the Loganiaceoe.

Note the opposite leaves and one-sided spike of tubular flowers. The corollas of

these are red outside and yellow within. The rhizome and roots are used as a worm
remedy or anthelmintic. (Reproduced from U. S. Dept. Agric. Misc

{Strychnos Nux-Vomica) or drupe. Seeds numerous or solitary,

sometimes winged.

Official Drug
Nux Vomica

Part Used

Seeds

Botanical Origin

Strychnos Nux-

Vomica

Habitat

India

Brucinae Sulfas Sulfate of alkaloid from

seed

Alkaloid from seed also

sulfate, nitrate and

Strychnina Strychnos Nux-

Vomica and other

phosphate of strychnine ( Loganiaceae

Gelsemium Rhizome and roots Gelsemium

sempervirens

Eastern Hemi-
sphere

Southern United

States

Unofficial Drug
Curare Extract from bark

Ignatia Seed

Strychnos toxifera

et aL spp.

Strychnos Ignatii

S. America

Philippine

Islands

Spigelia Rhizome and roots Spigelia marilandica Southern United

States

Gentianace^e or Gentian Family.—Herbs, often low-grow-

. Roots and short stems sometimes more or less thickened

{Gentiana luted). Leaves opposite, decussate, entire, exstipulate.

Inflorescence cymose {Gentiana lutea) or condensing to a single

ing
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solitary, terminal flower {Gentiana verna, G. acaulis, etc.). Flowers

regular, perfect, pentamerous or tetramerous, sepals five to four,

green, more or less synsepalous, not infrequently everted or

reflexed, corolla of five, rarely four petals, more or less

Fio. 443.—The yellow gentian or bitter root, Gentiana to,—Flowering head and
dissected flower. (Sayre.)

talous, in shape passing from open-

through many stages of connation

Gentiana acaulis;

ana

as in
amens five, epipetalous; pistil bicarpellate;

ovary one-celled or incompletely two-celled; style more
elongated with bilobed to divided stigma

Seeds albuminous. Plants contain bitter glucosides.

Fruit a capsule.
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Official Drug
Gentiana

Unofficial

Drug
Chirata

Centaurium

Menyanthes

Sabbatia

Part Used

Rhizome and

root

Entire plant

Botanical Origin

Gentiana lutea

Swertia Chirayita

Habitat

Europe

Northern India

Flowering plant Erythraea Centaurium Europe

Leaves

Herb

Menyanthes trifoliata Europe and Asia

Sabbatia angularis Eastern United States

and Canada

.

Fig. 444. Fig. 445.

Asia
Fig. 444.

—

Menyanthes trifoliata, the buckbean or bogbean, whose leave

employed as a simple bitter. This perennial herb occurs in bogs of Europe

and North America. Note the long petioled, trifoliate leaves whose bases sheathe

the rhizome and the long peduncle bearing a raceme of tubular flowers which are

Miscpinkish-purple or white. {Reproducedfrom U. S. Dept. Agric

Fig. 445.

—

Apocynum cannabinum or Canadian hemp, a perennial herb whose

rhizome and roots contain cardiac stimulant glucosides. Note the opposite, ovate-

lanceolate leaves, the central terminal cyme of greenish white flowers and the fruit

of paired follicles (on right). {Reproducedfrom U. S. Dept. Agric. Misc. Publ. 77.)

Apocynace,e or Dog Bane Family.-

infrequently clambering or climbing

Herbs, rarelv shrubs

Stem Stem

rami

m tissues. Leaves alternate, opposite or verticillate,
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sim cymose

pentamerous, rarely tetramerous

amosepalous, green

gamo from

tubular, stellate, to elongate tubular to elongate funnel-shaped,

Fig. 446.—Strophantus hispidus—Branch and seed with comose awn. (Sayre.)

in color varying from greenish-yellow to white or from yellow-
red to crimson to crimson-purple to nearly purple-blue; stamens
five, epipetalous; pistil usually bicarpellate; ovary two-celled

more
minal brush of hairs, knobbed or multifid; stigma

or circular spur beneath terminal style swelling.

cles (Apocynum^ etc.), a berry, drupe, or capsule,

frenuentlv hairv. albuminous.

Fruit two folli-

Seeds flattened,
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Official Drug

Strophanthus

Part Used Botanical Origin Habitat

. / , . . P N S Strophanthus Kombe ) . r .

Seed (deprived of awn) )
r

. . J-
Africa

Strophanthin Glucoside

Apocynum

Strophanthus hispidus
)

Strophanthus Kombe Africa

Rhizome and roots Apocynum
cannabinum

United States

and Canada
Unofficial Drug
Aspidosperma Bark Aspidosperma

Quebracho bianco

Argentine

Republic

Asclepiadace;E or Milkweed Family.—Herbs or shrubs

containing a milky juice, many
species yielding rubber. Leaves

entire, more or less fleshy, some-

times verticillate. Inflorescence

usually a dichasial or scorpioid

cyme. Flowers regular, pen-

tamerous; sepals woolly, small,

synsepalous; petals five, rarely

four, synpetalous, elongated into

awls; the corolla varying in shape

from stellate to campanulate and

in color from pale green to

yellow, to greenish-brown, choc-

olate, or from white to yellow, to

crimson

l

Fig. 447.

—

Asclepias tuberosa, the

Milkweed.stamens five, epipetaious,
pieurisy„root or range

n relation, forming a Cylin- The medicinal root, to left, is orange

mass Note the

^ 1 • *-i .ci ~+„ fl^++«r^^l alternate leaves ana terminal cymes oi

central pistil; filaments flattened
unbdS) ^ bear orange.colorcd

and furnished with a Crown
flowers . To right, stem bearing follicles

having various appendages; two of which are discharging their seeds,

anthers tWO-Celled, each Cell COn- (Reproduced frorn U S DePt. Agric.

mass (pollinium
Miscellaenous

adhering to the glai

bicarpellate, superior,

rarely becoming succ

prominences of the ma
(Asclep

numerous, com

mbricate, with a comose

Drug Part Used Botanical Origin Habitat

Asclepias

Condurango, N.F

Root

Bark

Asclepias tuberosa United States

Marsdenia Peru and Ecuador

Condurango
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Order Tubiflor^ or Polemoniales
-

Convolvulace^e or Morning Glory Family.—Frequently

herbaceous, more rarely sub-woody or woody, perennial climb-

ing plants with underground parts sometimes swollen into

tuberous roots (Jalap, Sweet Potato, Wild Man of the Earth).

Stems rarely short, upright or tufted, usually elongate and cir-

Fig. 448.

—

Convolvulus scammonia—Branch. {Sayre.)

mnutating in action. Vascular bundles frequently bicol-

lateral. Leaves alternate sim exstipulate, varying from
cordate to cordate-sagittal, to broad-reniform to reniform
palmately lobed to palmatifid to palmately-compound (Ipomcet

transitions). Stem

mi Inflo-

cyme, becoming reduced in some forms
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a solitary flower. Flowers pentamerous; sepals five, green,

gamosepalous; corolla varying in shape from rotate to funnel-like

with expanded mouth, in color from greenish-yellow to white or

through yellowish-pink to scarlet, crimson, purple or blue;

stamens five, often with the bases of the filaments expanded;

pistil bicarpellate; ovary two celled, superior, often surrounded

by a nectar girdle; style filiform with bilobed or bifid stigma.

Fruit usually a capsule (Exogonium, Convolvulus, etc.), dehiscing

septifragally, rarely a berry. Seeds scantily albuminous to

exalbuminous.

Official Drug
Jalapa

Ipomoea

Unofficial Drug
Tampico Jalap

Wild Jalap

Turpeth Root

Part Used
Tuberous root

Root

Botanical Origin

Exogonium Jalapa

Ipomoea orizabensis

Habitat

Mexico

Mexico

Root

Root

Root

Ipomoea simulans

Ipomoea pandurata

Mexico

United States

Operculina Turpethum East Indies

Scammoniae Radix Root Convolvulus

Scammonia
Asia Minor,

Greece, Syria

Hydrophyllaceae or Water Leaf Family.—Annual, her-

baceous, rarely perennial woody plants whose stems, branches,

leaves and sepals are often viscous and glandular hairy. Leaves

alternate, exstipulate, from simple, linear to pinnatipartite to

pinnate. Inflorescence rarely expanded, usually scorpioid

cymes. Flowers small to large, funnel-form in Yerba Santa

{Eriodictyon californicum); sepals five, green; petals five, regular;

corolla varying from small stellate with slightly fused petals to

large rotate, campanulate or tubular, in color varying from

greenish-white or yellow to rarely white, often pink, purple or

blue; stamens five, rarely with alternate staminodes; pistil

bicarpellate. Fruit a two-celled capsule dehiscing usually

septicidally.

Official Drug
Eriodictyon

Part Used

Leaves

Botanical Origin

Eriodictyon

californicum

Habitat

California and New
Mexico

Boraginace^e or Borage Family.—Herbaceous {Bora

-family) or shrubby (Heliotropes sub-family) plants, form

primary Leaves

sometimes
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nate, scattered cauline leaves. Each of these simple, exstipuh

often hairy, rarely glabrous. Inflorescence a raceme of dicha;

or scorpioid cymes, at times condensed into a dichasium

regular

simple scorpioid cyme pentam
marked irregul

(Echium); sepals five, green gamosepal

ne from ro

*

Fig. 449.—Yerba Santa (Eriodictyon Fig. 450.

—

Symphytum officinale or
californicum), an evergreen shrub found Comfrey _
along the coastal ranges from central mucilaginous root and purplish, blue,
California to Oregon. The leaves are or pinkish-white tubular flowers' borne
used in expectorant preparations. (/fc- in pendulous cymes. (Reproduced from
produced from U* S. Dept. Agric.

laneous Publ. 77.)

Miscel Misc

me-not (Myos>

tubular, as m Comfrey (Symphytum), to funnel-shaped in most
species; in color, all transitions, frequently purple-blue to blue;
stamens five; pistil bicarpellate, syncarpous, embryologically
two-celled with two ovules in each cavity, but dorsal ingrowths
divide ovary by time of flowering into four cells with one ovule
in each cavity; style gynobasic. Fruit typically four-nutlets.

itary in each cavity and

(Heliotropea)
albumino
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Unofficial Drug
Symphytum
(Comfrey)

Cynoglossum

(Hound's tongue)

Alkanet

Part Used • Botanical Origin Habitat
Root Symphytum officinale Europe and

Herb and root Cynoglossum

United States

United States

Root
officinale

Alkanna tinctoria So. Europe and

Asia
Lungwort Leaf Pulmonaria officinalis Europe

Verbenace^: or Vervain Family. Vervains

{Verbena), shrubs, as the Glory-bower (Clerodendron), rare

as Premma arborea, one of the

sources of the drug Tonga, and
Tectona or Teakwood, whose
stems and branches are usually

quadrangular and rarelyscented-

Leaves generally opposite, ex-

stipulate, simple or compound.

Inflorescence a terminal panicle

of spikes (Verbena hastata), a cyme
(Beauty-berry or Callicarpa) or

head (Lippia lanceolata). Flowers

white, pink or blue {Verbena

hastata), irregular, more or less

2-lipped; calyx gamosepalous,

tubular; corolla gamopetalous,

hvooevnous with a 4-5 fid limb:

n

t--

Fig. 451.—The Blue Vervain, Ver-

' * *"" M . „, ' bena hastata. Note the lanceolate
stamens generally 4, didynamous ^ serrate margins md the ,

and inserted on the corolla tube which are usually blue, and arranged in

or throat; pistil of 2-4 carpels, a panicles

terminal style and undivided from

(Reproduced

Mi

ma berry

many uminous

Unofficial Drug
Verbena

Tonga

Part Used

Overground portion

Bark

Botanical Origin Habitat

Verbena hastata United States

Premna arborea Fiji

(in part)

Islands

Labiate (Lamiace^e) or Mint Family.—Herbs producing

creeping runners that spread out and root at the nodes. Stems
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quadrangular, rarely cylindrical in outline. Leaves opposite,
decussate, mainly petiolate; leaf margin nearly always serrate,

dentate or crenate. Stems and leaves further characterized

aromatic
. . .

i oil. These greater

part, consist of a short one-celled

stalk and a head (gland) of six or

eight cells. Inflorescence 2 raceme
or spike of verticillasters (double

dichasial cymes) or, as in the

Ground Ivy, a reduced verticillas-

ter. pentamer
tetramerous

irming

tubular, regular or irregular bilabi-

ate (Scullcap, etc.) calyx whose
upper lip is bifid and lower trifid;

corolla of five to four gamopetalous
petals, hypogynous, frequently two-

____ lipped, the upper lip bifid, the

from Euro^"«nd fcundin meadows
lower trifid

5
stamens four, didyna-

of eastern and central North mous, rarely one pair alone fertile
America. Note the opposite, petio- and the Other nair reHiirerl In

Fig. 452. •errnint (Mentha

almost
some

margins and the flowers which are 7**™ CiimOSl OT ^Ulte to disappear-

purple and borne on blunt spikes of
*nS point, as in the Sage (Salvia)

*2-2M ^ A • _ A » _. Ai _ 1 ,1 T-r .terminating

stems. (Reproduced from U. S. DepL

and the Horsem {Monarda)

Misc
two

bicarpellate, embryologically

timecavity, becoming, at

ovule in each cavity. Style

opening of flower, deeply

mbryologically

two stigmatic

exalbuminous

Official Drug
Mentha Piperita

(Peppermint)

Oleum Menttue

Piperitae

gynobasic, elongate, slender, with
Fruit four nutlets enclosing as many

Part Used
Leaves and tops

Volatile oil from

fresh aerial parts of

flowering plant

Botanical Origin
Mentha piperita

Mentha piperita

Habitat
Europe

Europ.
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Official Drug
Menthol

Mentha Viridis

(Spearmint)

Oleum Menthae

Viridis

Part Used

Alcohol separated

from vol. oil

Leaves and tops

Botanical Origin

Mentha arvensis

var. piperascens

Mentha spicata

Habitat

Europe

Europe

Mentha spicata Europe

Oleum Thymi

Scutellaria

(Scullcap)

Thymus (Thyme) Leaves and flower-

ing tops

Volatile oil from

flowering plant

Volatile oil from

fresh flowering tops

Oleum Lavandulae Volatile oil from

fresh flowering tops

Volatile oil from

fresh aerial parts,

of flowering plants

Overground portion Scutellaria lateri- United States

Oleum Rosmarini

flora and Canada

Thymus vulgaris Southern Europe

Rosmarinus

officinalis

Mediterranean

Basin

Lavandula Spica Southern Europe

Fig. 453.—Catnip (Nepeta Cataria). Note the cordate leaves with crenate

margins and the spikes of whorled flowers which are white and spotted with purple.

{Reproduced from U. S. Dept. Agric. Misc. Publ. 77.)

Cataria

(Catnep)

Salvia (Sage)

Unofficial Drug
Marrubium
(Horehound)

Hedeoma
(Pennyroyal)

Leaves and

flowering tops

Leaves

Nepeta Cataria Europe and Asia

Salvia officinalis Southern Europe

Leaves and

flowering tops

Leaves and

flowering tops

Marrubium
vulgare

Hedeoma
pulegioides

Europe and Asia

United States

and Canada
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Unofficial Drug Part Used

Herba Majoranae Leaves and

(Sweet Marjoram) flowering tops

Botanical Origin

Origanum
Majorana

Habitat

Mediterranean

regions

Collinsonia

(Stone Root)

Serpyllum

(Wild Thyme)
Melissa (Balm)

Rhizome and roots Collinsonia

Monarda
(Horsemint)

Origanum

Hyssopus

Summer Savory

Mountain Mint

Leaves and

flowering tops

Leaves and
flowering tops

Leaves and

flowering tops

Leaves and

flowering tops

Leaves and

flowering tops

Leaves

Leaves

United States

Europe and Asia

canadense

Thymus
Serpyllum

Melissa officinalis Southern Europe,

Asia Minor
Monarda punctata United States

Origanum vulgare Europe, Asia and

North Africa

Hyssopus Southern Europe

officinalis

Satureja hortensis Southern Europe

Pycnanthemum United States

montanum
Sweet Basil

Motherwort

Lavender

Rosmarinus

Leaves

Leaves and

flowering tops

Flowers

Leaves

Ocimum Basilicum Asia and Africa

Leonurus Cardiaca Europe

Lavandula Spica S. Europe

Greek Tea Herb

Rosmarinus

officinalis

Sideritis spp

Mediterranean

Basin

Solanace^ or Nightshade Family.—Herbs (potato,

tomato

some
Stems

plants as belladonna, stramonium

possess bicollateral bundles. Many
mus

contain m
and scopola

alkaloids. Leaves alternate, exstipulate,

more or less lobed, rarely com
hairy. cymes or solitary; regular or rarely irregul

(Petunia, Tobacco spp.), pentamerous, perfect, synphyllous;
sepals green (rarely petaloid), rotate to tubular, usually per-
sistent and accrescent; petals rotate (Solanum), to tubular
(Atropa), to funnel-shaped (Tobacco), and so (1) open to all

comers

color, greenish

to bees or wasps, or (3) moths
or greenish-white, to white, to pink,

crimson, purple, rarely blue; stamens fiv

ynous, along with style usually forming

ments short to long, anthers dehiscing longitudinally

Fila-

or by
apical pores; pistil bicarpellate, syncarpous, with or without
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nectar girdle; superior ovary, two-celled with central placenta-
tion, ovules numerous, style more or less elongate with bilobed
or bifid stigma. Fruit, a capsule dehiscing longitudinally

Fig. 454.—The Henbane [Hyoscyamus niger Linne.), a member of the Nightshade
family, whose leaves, with or without the tops, constitute the official drug Hyoscy-

amus and are a source of the valuable medicinal alkaloids, hyoscyamine and
scopolamine.

(Tobacco, Stramonium) or transversely (Henbane); or a berry

(potato, egg-plant, tomato, red pepper). Seeds albuminous.

Official Drug Part Used Botanical Origin

Belladonnae Folium Leaves and tops Atropa Belladonna

Belladonnas Radix Root
Atropina

Stramonium

Alkaloid

Leaves

Atropa Belladonna

Atropa Belladonna

Datura Stramonium

Habitat
Central and

Southern Europe,

Asia Minor and

Persia

Asia and Tropical

America
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Official Drug
Hyoscyamus

Capsicum

Unofficial Drug
Dulcamara

Manaca
Duboisia

Tabacum
Scopola

Part Used Botanical Origin
Leaves and tops Hyoscyamus niger

Fruit Capsicum frutescens

Habitat
Europe, Asia

Tropical America

Paprika

Pimiento

Mire

Solarium

Twigs and stems Solanum Dulcamara Europe and Asia

Root

Leaves

Leaves

Rhizome

Brunfelsia Hopeana Tropical America
Duboisia myoporoides Australia.

Nicotiana tabacum
Scopola carniolica

Fruit

Fruit

Roots, stems

and leaves

Ripe fruit

Capsicum annuum
var. longum
Variety of Capsicum
annuum
Brunfelsia

hydrangaeformis

Solanum carolinense

Tropical America

Alps and Car-

pathian Mts.

Tropical Amer-
ica; cultivated

Spain

South America

United States

Fig. 455.

—

The Deadly Nightshade, Atropa Belladonna,—Stanch. (Sayre.)
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Scrophulariace,e or Figwort Family.—Herbs (Linaria
y

Verbascum, Gerardia, Digitalis, etc.), shrubs (shrubby Veronicas,

etc.)? rarely trees Stem
leaves usually green and independently vegetating, but in

Pedicularis, Gerardia, Euph Buchnera, Rhinanthus, etc., the

stem, leaves, and branches are condensed from the development

of a parasitic root habit. Stems cylindrical to frequently

quadrangular, especially when leaves are opposite. Leaves

sim

Fig. 456.—Bittersweet {Solarium Dulcamara). Note transition from simple to lobed

to compound leaves and flowers with rotate corollas. {After Gager.)

hairy, but becoming

almost

icism r

raceme

to

simple raceme

(Verbascum Thapsus) or, if leaves are opposite, often a whorl of

axillary flowers or solitary axillary flowers. Flowers rarely

regular, mostly irregular; calyx of five sepals, condensed in

hrough
ynpetalous

from {Verbascum Blattaria, etc.) to irregular tubular to

gular In color, corolla

from ereenish to greenish-yellow or white (Scrophulari
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from red Stamens

(mulle

stamens

sterile staminode (Pentstemon, tongue) to four didyna-

mous stamens
nor-

taminode (Scrop

>rt) to four die amous

stamens with a minute often

nectariferous staminode (Linaria,

toadflax) j to frequently four

didynamous stamens only, the

two lateral or two anterior

stamens stronger and longer

(Antirrhinum, snapdragon), to two

perfect stamens and two minute

staminodes (Calceolaria), to two

stamens alone developed (Veron-

ica, speedwell). Pistil bicarpel-

late, ovary two-celled with

Fig. 457.—Culver's Root or Tali central placentation; style ter-

Speedwell (Veronica virginica). Note the minal with bilobed Stigma;
rhizome and roots and portions of the

stem bearing whorls of lanceolate,

serrate leaves and terminal spikes of

ovules numerous, small. Fruit

a two-celled and usually many-
usuaily white, often pink or blue flowers, seeded capsule. Seeds richly
(Reproducedfrom u. S. Dept. Agric. Misc. albuminous, anatropous or
Publ

Official Drug Part Used
Digitalis

amphitropous.

Botanical Origin Habitat
Leaf

Digitalis Pulverata Standardized

powd. leaf

Rhizome and

roots

Digitalis purpurea Europe

Leptandra

(Culver's Root)

Unofficial Drug

Veronica virginica United States

and Canada

Verbasci Flores Corollas with

stamens

Verbascum

phlomoides

Verbascum

thapsiforme

Europe and Asia

Euphrasia

(Eye-bright)

Verbasci Folia

Balmony

Plant

Leaves

Leaves

Euphrasia officinalis Europe

Verbascum Thapsus Europe and Asia
/"^L* ^1 t t Tfc, T 1 A *

Cheione glabra North America
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Pedaliace^; or Sesame Family.—Tropical herbs often

thickly covered with viscous hairs. Leaves soft, usually alter-

Fig. 458.—The foxglove, Digitalispurpurea var. gloxinaflora. Second year of growth.

nate, more rarely opposite, exstipulate. Flowers irregular,

pentamerous. Fruit a capsule {Sesamum, etc.), drupe, or rarely

a one-seeded, indehiscent nut. Seeds exalbuminous usually.
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Official Drug
Oleum Sesami

(Benne Oil)

Part Used
Fixed oil

Botanical Origin

Sesamum indicum

(cultivated varieties)

Habitat

Asia and Africa

Acanthace^ or Acanthus Family.—Usually herbaceous

(Ruellia), rarely sub-woody or woody plants, occasionally bushy

HP^^H

Fig. 459.

—

Plantago Psyllium, the source of an excellent variety of Psyllium seed

cells of the leaves and in ma
stems. Leaves opp

late. Inflorescence

e, more

raceme

mesophyll or epidermal
of the roots and
d, entire, exstipu-

cymes, becoming
a sim raceme or spike, rarely condensed into a solitary
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terminal inflorescence. Flowers hermaphrodite, usually irregu-

lar; calyx five-cleft; corolla hypogynous, gamopetalous, more or

less bilabiate, funnel-form and composed of five sepals; stamens
usually four (Ruellia, etc.), occasionally reduced to two, as in

or diandrous, epipetalous; pistil

bicarpellate; ovary two-celled, superior, with

namous

numerous cam

whose

pylotropal ovules; style terminal, filiform. Fruit a capsule

containing numerous curved seeds. The family is of pharma-
ceutic interest mainly because of Ruellia ciliosa, a pubescent

perennial herb growing in the Eastern United States,

rhizome and roots have frequently been admixed with or sub-

stituted for Spigelia.

Plantaginace^e or Plantain Family.—Annual or perennial

herbs of caulescent (Plantago Psyllium, P. arenaria, etc.) or more
usually acaulescent habit {Plantago lanceolata), rarely sub-shrubs.

Leaves all radical in most species, or in a rosette, alternate or

opposite to whorled, simple, nerved, flat, entire or toothed.

Flowers usually hermaphroditic, regular, tetramerous, and

arranged on spikes; calyx of 4 sepals; corolla gamopetalous,

hypogynous, tubular with a 4-lobed limb; stamens 4, epipetalous;

carpels 2 or 1 , the ovary 1 to 4 celled, ovules 1 to 8 in each cell,

peltate on the middle of the septum in many ovuled cells or at

the bottom in 1 -ovuled cells; style filiform with 2 lines of stig-

matic papillae. Fruit a pyxis in the Plantains, rarely a bony

nucule. Seeds albuminous with a straight (Plantago) to curved

mbryo. The seed coat of many
muc

Official Drug Part Used Botanical Origin Habitat

Plantaginis Semen Seed
countries

( Plantago Psyllium ( , , ,.

1 ° '
. \ Mediterranean

< Plantago arenana (

( Plantago ovata Asia, S. Europe, N. Africa

Order Rubiales

Rubiace^: or Madder Family.—Herbs, as Cleavers (Galium)

and Partridge Berry (Mitchella), etc., shrubs as the Ipecac

(Cepha'elis) and the Buttonbush (Cephalanthus), or trees (Cinchona

species) with fibrous roots, sometimes, as in Cepha'elis Ipecacuanha,

annularly enlarged. Roots, stems and to a less extent leaves
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rich in varied alkaloids, some of medic value. Leaves

opposite, entire, stipulate and interpellate. Inflorescence a

raceme of dichesial cymes

imorphic, pentamerous or tetramerous

Fig. 460.

—

Cephaelis Ipecacuanha—Plant and dried root. (Sayre.)

small, green

more

loid. bracts; petals five (Cinchona, etc.) to four in Galium, stellate,

varying from shallow-rotate to elongate-tubular or funnel-

shaped with stellate limbs; stamens five to four, epipetalous;

pistil nearly always bicarpellate, rarely of five to four carpels;

ovary inferior, two-celled with central placentation; styles either
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distinct with knob-shaped stigmas or style elongate, filiform,

ending in bilobed stigmas. Fruit varied, a capsule in Cinchona,

a berry in Coffee, a drupe, or frequently, as in Galium, dry and

splitting into nutlets; seeds albuminous, each with a curved

embryo.

Official Drug

Caffeina

Cinchona

Quinina

Quinidinae Sulfas

Part Used

Feebly basic

principle

Bark

Alkaloid

Botanical Origin

Coffea arabica

Goffea liberica

Cinchona succirubra

or its hybrids

Habitat

Eastern Africa

Liberia

Sulfate of Alkaloid i Cinchona Ledgeri-

Cinchoninas Sulfas Sulfate of Alkaloid /ana, C. Calisaya

Cinchonidinae Sulfas Sulfate of Alkaloid /and hybrids of

these with other

Cinchona species

South America

Gambir

Dried aqueous

extract prepared

from leaves and

twigs

Ourouparia Gambir
Malay
Archipelago

Ipecacuanha Rhizome and

root

Cephaelis

Ipecacuanha

Brazil

Cephaelis acuminata ( United States of

Columbia

Emetinae

Hydrochloridum

Mitchella

Hydrochloride of

alkaloid emetine

obtained from

ipecac.

Entire plant Mitchella repens North America

./Ethylhydrocupreinae Hydrochloridum, a synthetic compound made from cuprea

bark or quinine.

Unofficial Drug

Coffea Tosta

Yohimbe

Cuprea Bark

Loxa Bark

Ethylhydrocupreine Alkaloidal com-

pound prepared

from cupreine

found in bark of

Roasted seeds

Bark

Bark

Bark

|
Africa

Africa

I Coffea arabica

(
Coffea liberica

CorynantheJohimbi

( Remijia pedunculata ) _. ..

\t> • j- > Brazil
(Remijia purdieana

)

Cinchona officinalis Ecuador and Peru

Cleavers

Madder
Sweet Woodruff

Remijia pedunculata

Galium aperineHerb

Root

Entire plant

Europe and Asia

Mediterranean regionRubia tinctorum

Asperula odorata Europe, W. Asia
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Caprifoliace^; or Honey Suckle Shrubs (Elder,
Viburnum, Snowberry, etc.) or rarely herbs (Twin Flower).
Leaves entire, opposite, exstipulate or with delicate, attenuate

r* 1 * rk * mm Mm

filiform

small

cymes to a capitulum

varying from a raceme

from

ultimately very irregular, in some Honeysuckles

Fig. 461 -Two medicinal Viburnums. A, Viburnum Opulus var. americanum,
he source of cramp bark, fi, Viburnum prunifoUum, the black haw, whose root bark

is official.

(Lomcera) and in a few Weigelas and allies; calyx pentamerous,
superior; corolla superior, gamopetalous, limb pentafid, small
in Viburnum and Sambucus to elongate-tubular or irregular-
mfund.buhform in Honeysuckles; stamens five, inserted on tube
of corolla and alternating with corolla segments; filaments

dynamous (m irregular flowers) ; ovary inferior, rarely
five- to three

style terminal
usually three two-celled

;

{Honeysuckle, Elder, etc.) from

becoming
with several to rarely one seed and drupaceous
or fruit a capsule {Diervilla, Weigelia). S

(Vi

albuminous
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Official Drug
Sambucus

Part Used
Flower (air-

dried)

Botanical Origin Habitat
Sambucus canadensis ) United States

Viburnum
Prunifolium Bark of root

Sambucus nigra

Viburnum
prunifolium

Viburnum Opulus Bark Viburnum Opulus

var. americanum

Europe

Eastern and

central United

States

United States

and Canada

Order Cugurbitales

Cucurbitace^ or Gourd Family.—Herbaceous, succulent,

very often annual (Colocynth, Pumpkin, etc.), more rarely perennial

{Bryonia, etc.), rarely shrubby

plants, the perennial and shrubby

forms perennating by swollen

roots, some of which are heavy

and tuberous. Stems very usually

grooved and ridged, often pro-

vided with roughened and barbed

hairs. Tendrils are frequently

produced in the axils of leaves

from tendril axillary buds (Pump-

kin, Colocynth, Watermelon,

Fig. 462.—Colocynth—Portion of

vine and whole fruit. (Sayre.)

Cucumber, Bryony, etc.) . Leaves

varying from entire, simple, usu-

ally deltoid to triangular through

stages of trilobate, pentalobate,

deeply palmatifid to palmatipar-

tite to seldom approaching com-

pound (Colocynth) . Venation in

nearly all cases palmate. Leaves thin, herbaceous, much expand-

ed, often hairy. Vascular bundles of petioles, branches and

stems bicollateral. Inflorescence either of loose cymes or more

frequently racemes or spikes or entire axillary inflorescence may

become solitary axillary. Flowers pentamerous, very rarely

tetramerous, monoecious (Bryonia alba) or dioecious (Bryonia dioica)

;

sepals 5, gamosepalous, adnate to ovary; corolla of 5, rarely 4

gamopetalous petals varying in size and shape from small to large

campanulate (Pumpkin) or broadly cup-shaped (Cucumber),
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and in color from greenish-yellow to greenish-white to pure yellow

to yellowish-white to white; stamens typically 5, epigynous, with

anthers either joined by pairs or synantherous ; carpels usually 3,

rarely 4 or 5, fused to form a compound pistil with a short thick

style and lobed stigma; ovary inferior, one- to three-celled. Fruit

a pepo (a berry from an inferior ovary with thick skin) . Seeds

flat and exalbuminous.

Official Drug Part Used

Bryonia Root

Botanical Origin

(Bryonia alba

/Bryonia dioica

Colocynthis Pulp of unripe Citrullus Colocyn-

Habitat

Europe

Africa and Asia

but full grown

fruit

this

Unofficial Drug
Pepo Seed Cucurbita Pepo Probably Tropi-

Elaterinum

Watermelon Seed

Momordica (Balsam Fruit

apple)

Principle from

elaterium

Seeds

(cultivated varieties) cal America

Ecballium Elaterium Mediterranean

Citrullus vulgaris

Momordica
Balsamina

region

Southern Asia

East Indies

Order Valerianales

This order includes the Valerianacea or Valerian Family and
the Dipsacece or Teasel Family. Both are represented by herbs

with flowers having an inferior ovary containing a single ovule.

Valerianace^: or Valerian Family.—Herbaceous often

low succulent plants with creeping rhizomes, frequently strongly

scented and possessing stimulating properties. Leaves fre-

im
dilated, exs

* XX ' X

Inflorescence a raceme of dichasial or

cymes more
as such, but represented by a series of teeth that are incurved
in the bud and flower and which expand later into a pappose

isseminator
pentamerous, gamopetalous, varying from rotate-synpetalous

from

gular-tubular

greenish-white to white or pink {Valeriana officinalis) to

crimson; stamens three to two or one {Valerian), epipetalous;
pistil syncarpous; ovary usually one-celled, inferior; style filiform
with three stigmatic surfaces. Fruit an akene from inferior
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ovary crowned by a persistent, expanded, pappose calyx rudi-
i O 1 * 11 tment

Official Drug
Valeriana

exalbuminous

Part Used Botanical Origin Habitat
Rhizome and roots Valeriana officinalis Europe and Asia

Fig. 463.

—

Valeriana officinalis—Plant and rhizome. {Sayre.)

Order Campanales (Campanulales)

*r comprises the Bluebell Family

Family (Lobeliacea)

>p

i Family {Com-

posita). Its outstanding characters are the epigynous corolla,
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usually 5 stamens, an inferior ovary and a three- to two-cleft

stigma.

Campanulace^ or Bluebell Family.—Herbs of annual
or more commonly perennial growth rarely sub-shrubby or sub-

woody in habit, frequently with laticiferous tubes containing a

milky iuice. Stem Leaves
sim Inflorescence prim

mose cyme, condensing into a raceme, to a sub-capitulum and
ultimately to a capitulum. Flowers regular, campanulate to

campanulate-elongate to elongate and deeply cleft in petals;

sepals five, only slightly synsepalous, epigynous; petals five,

to tubular-elongate to

varying in color from greenish-

campanulate to cam

yellow to yellowish-white to white or again, from
purple (rarely through yellowish-pink or red) to purple to pure
blue; stamens five, epigynous, usually free from corolla; nectary
epigynous; pistil usually tricarpellary; ovary as many celled as
number of carpels and with central placenta; style single, elon-
gate; stigmas as many as carpels. Fruit a capsule. Seeds
albuminous. The plants contain inulin.

late

Lobeliace^e or Lobelia Family.—Herbs,
£ contents, corresponding with Campanulacea

tive parts, but differing from that group by having irregular
flowers (pale blue in Lobelia inflate), anthers always united into
a tube (synantherous) and pistil always bicarpellate with two-

ma

Canad

Official Drug Parts Used Botanical Origin Habitat
Lobelia Leaves and tops Lobelia inflata United States and

f

Composite (Asterace*) or Daisy FAMiLY.-Herbs of
annual or perennial habit, rarely shrubs or trees, and with
watery or milky juice. Inulin is present in cell sap of paren-
chyma Leaves alternate, rarely opposite, simple to compound,
exstipulate Inflorescence a capitulum or a raceme of capitula,
each capitulum surrounded by an involucre or protective whorl
of bracts, and composed of numerous small flowers called florets
that may be: (a) wholly regular, tubular and hermaphrodite
(Thisde, etc.); or (b) central florets as in (a\ but manrinals
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strap-shaped or ligulate and usually pistillate (Daisy, Dahlia,
etc.); or (V) florets all ligulate and hermaphrodite (Dandelion,

etc.); or (d) florets in part or in whole bilabiate (Muti-
Flowers small (florets), closely crowded, pentamerous,sia, etc.).

inferior

nor. lm (Sunflower), or reduced

flowers
involucrpl

bracts

ovaru wall

Fig. 464.—Capitulum of a composite. Jerusalem artichoke (Helianthus tubero-

sus). A, lengthwise section of capitulum, X 1 ; B, ray flower, X 6; C, disk flower,

cut lengthwise, X 6. (A after Baillon, B and C, Bobbins.)

rudiment

less during flowering, but that expands in fruit as a hairy fruit

disseminator (Dandelion, Thistle, etc.); or sepals wholly

absorbed (Daisy)- Petals synpe

rarely bilabiate, greenish

tubular, ligulate or

to white, or through pink-

crimson and purple to blue (Chicory). Stamens five, epi-

petalous, filaments distinct, anthers united into an upright

anther-box (so synantherous) into which pollen is shed before or
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r" v m J

Fig. 465.

—

Arctium minus or Com-
mon Burdock, a source of the drug

Lappa or Burdock Root. {Reproduced

from U. S. Dept. Agric. Miscel. Pub. 77.)

< .
.
,« .

.

.

'

Fig. 466.

—

Grindelia orsquarrosa

Gum Plant, a native of the Plains and
Prairies from Saskatchewan to Mexico.

{Reproduced from U. S. Dept.

Miscel. Publ. 77.)

Agric

'

t .H ' ' 1

4»

Fig. 467.

—

Brauneria angustifolia,

or Narrow-leaved Purple Cone-flower.

{Reproduced from U. S. Dept. Agric.

Miscel. Publ. 77.)

Fig. 468.— Tussilago Farfara or

Coltsfoot. {Reproduced from U. S.

Dept. Agric. Miscel. Publ. 77.)
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during opening of each floret. Carpel

ovule: style sim
later elongating and by collecting hairs sweeping pollen to top

stigmatic

riG. 469.

—

Matricaria Chamomilla, the German Chamomile. Branch and dis-

sected flowers. {Sayre.)

stigmatic hairs for pollen reception. Fruit an indehiscent

akene, often (Dandelion, Thistle) crowned by the pappose, calyx

rudiment. Seed single.Seed single, exalbuminous.

Gompositae is subdivided into two sub-groups

nam liflorce and the Ligulifli

Composites whose flo>

The Tubuliflor^e
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tubular florets only, as the

marginal ligulate florets and

Sunflower, Chamomiles, etc.

Composites whose flower hea

oriums and Burdocks or

The LiGULiFLOR.£ include those

Fig. 470.—Chicory (Cichorium Intybus). A, portion of flowering branch; S,

basal leaf (runcinate-pinnatifid); C, median longitudinal section through a head

showing the insertion of the flowers; Z), individual flower; E, fruit (ripened ovary),

showing the persistent pappus (calyx) of short scales. (Gager.)

the Dandelions, Hawkweeds, Chicory, Lettuces, etc. They
contain a bitter or acrid milk juice.

Official Drug
Arnica

Matricaria

Calendula

Eupatorium

Part Used

Flower head

Flower head

Ligulate florets

Leaves and

flowering tops

Botanical Origin

Arnica montana
Matricaria

Chamomilla

Calendula officinalis

Eupatorium

perfoliatum

Habitat

Europe

Europe and

western Asia

Mediterranean

basin

North America
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Official Drug
Grindelia

Part Used
Leaves and

flowering tops

Taraxacum
Echinacea

Botanical Origin

Grindelia camporum
Grindelia cuneifolia

Grindelia squarrosa

Rhizome and roots Leontodon Taraxacum
Rhizome and

i

roots

Lappa

Santoninum

Root of first

year plant

Inner anhydride

of santoninic acid

Brauneria pallida

Brauneria
*

angustifolia

Arctium Lappa and

Arctium minus

Artemisia Cina

Unofficial Drug
Anthemis Flower head Anthemis nobilis

Arnicae Radix Rhizome and roots Arnica montana
Pyrethri Flores Flower head

(unexpanded

or partly

expanded)

Pyrethrum Root

Chrysanthemum
cinerariaefolium

Chrysanthemum
roseum

Chrysanthemum
Marschallii

Anacyclus

Pyrethrum

Inula

Senecio

Farfara

Absinthium

(Wormwood)
Lactucarium

Santonica

Rhizome and roots Inula Helenium

Carthamus

(Safflower)

Achillea

(Yarrow)

Tanacetum
(Tansy)

Gnaphalium

Entire plant

Leaves

Leaves and

flowering tops

Dried milk juice

Unexpanded
flower head

Tubular florets

Senecio aureus

Tussilago Farfara

Artemisia Absinthium

Lactuca virosa

Artemisia Cina

Leaves and

flowering tops

Leaves and

flowering tops

Leaves and

Carthamus

tinctorius

Achillea millefolium

Tanacetum vulgare

(Everlasting) flowering tops

Cichorium Rhizome and
(Chicory) roots

Oleum Volatile oil

Erigerontis

Flores Cyani Florets

Solidago Herb
Silphium Root
Vanilla Leaf Leaves*

Swamproot Root
Blessed Thistle Herb

Cichorium Intybus

Erigeron canadensis

Centaurea Cyanus

Solidago odora

Silphium laciniatum

Trilisa odoratissima

Habitat

Western North

America

Europe

Central United

States

Europe and Asia

Turkestan

Europe

Europe

Dalmatia

Herzegovina

Western Asia

Northern Africa

and southern

Europe

Europe and Asia

United States

Europe

Europe, Asia and

Africa

Europe

Turkestan

India

Europe and Asia

Europe

Gnaphalium
polycephalum

Anaphalis margaritacea Asia

North America

Europe

North America

Europe

E. United States

United States

S. United States

Eupatorium purpureum United States

Cnicus benedictus Europe



Chapter XXIV

ECOLOGY

Ecology is that department of biology which deals with the

relations of plants and animals of various habitats to their

environmental conditions.

Ecology may be divided into two branches, autecology and
synecology. Autecology deals with the structure and behavior
of the individual organism and its parts as related to environ-
ment, whereas synecology deals with plant communities as

related to soil, light, climate and other environmental factors.

Every living thing is a creature of circumstance, dominated
and controlled by heredity and environment. Its fundamental
structural and functional characteristics are determined by the
genes in its protoplasm but its characteristics become modified
by external factors of environment. In order to exist and keep
healthy it must adapt itself to the various factors of its sur-
roundings. The environmental factors having to do with the
existence and health of plants include soils and soil constituents,
air, moisture, light, range in temperature, gravity, and sur-

mals

most of them
Various

Plant Communities and Associations

An entire group of similar habits occurring
common habitat constitutes what is termed a pi
A plant association is a plant community having a definite com-
position i.e., made up of a definite aggregation of plants develop-
ing under similar conditions. Thus, a desert where the cacti
and euphorbias form the dominant plants with a definite
assemblage of other plants growing with them would renresent

iph

from
communities may be

ment

616
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water relation. The latter method appears to be simpler, and
will now be considered.

According, therefore, to the relation plant communities have

assumed in regard to water, they may be grouped as follows:

1. Hydrophytes or water plants.

2. Helophytes or marsh plants.
^.^^ .r_ _

|
m

1
1 -

i I
rt T - r

3. Halophytes or salt plants.

4. Xerophytes or desert plants.

5. Mesophytes or intermediate plants.

6. Tropophytes or alternate plants.

Hydrophytes.—The effect of an aquatic environment on

the structure of water plants is most striking. The root systems

are reduced both in lenerth and number of branches. The
root hairs of those immersed in the water are absent. The
supportive action of the water is such that the fibrovascular

elements of the stems, which usually function both for support

greatly

and strength. The leaves, stems and

spaces . The mesophyll of the leaves is spongy and the chloro-

plasts motile. Stomata are entirely absent from leaves that are

submerged and only present on the upper surface of floating

ones, where they are nearly always open. Some of these plants

have broad floating leaves and dissected submerged ones, often

with thread-like divisions. The submerged parts are devoid of
*

special protective walls, e.g., those containing cutin or suberin.

The cell sap has a low osmotic pressure. The submerged leaves

often absorb more water than the roots. The free floating

microscopic plants (blue-green algae, bacteria, diatoms, desmids,

etc.) form the plankton of our ponds, rivers and lakes. The free-

swiming higher plants (the pleuston) comprise certain liverworts

like Riccia and Ricciocarpus, water-ferns and such seed plants as the

water-lettuce and water-hyacinth. The aquatic plants, includ-

ing the algae, mosses, and flowering plants which live attached to

rocks comprise the lithophilous benthos. Another class of aquatic

plants {benthos) include those with true roots, which attach the

plant to the substratum, and at most possess floating leaves.

This type includes the water-lilies, the water-chestnut, the splatter

docks, the floating-heart and the pondweeds.
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Helophytes.—To this group belong plants typical to marshes

M
perennial herbs (never shrubs and

in

the usual supplies of oxygen. These plants likewise show an

adjustment to a partial or periodical submergence. Like

hydrophytes, marsh plants are for the most part perennial.

is horizontal rhizomes,

: chambers in roots, stems and

meet the scarcity of air in wet

soils. development

phyll-bearing organs in the shape of leaves, in the flags, and
stems, in the rushes.

marsh
grass (Phragmites), the bur-reed {Sparganium), the cat-tails (Typha),

the blue-flags {Iris), the sweet flag (Acorns calamus) and the

ipyrus) form associations known as fresh

or fens. The channels or pools of wa among
am

H -The plants of this group live in a soil which is

rich in soluble salt, usually common salt (NaCl), and, on account
osmotic

overcome

to such siologically dry. A halophyte, in fact, is one
form of xerophyte. The most striking feature among halophytes
is that they arcnearly alUucculent plants. The leaves of such

example, are thick, fleshy and more or less translucent.
They ;

osmotic pull of the concentrated saline solution
of the soils in which they live. Anatomically, they are poor in
chlorophyll; the intercellular-air-spaces are small and the
palisade tissue is more abundant. Coatings of wax are found

rerm
E> although infrequent, sometimes occurs.

and

are

noiewortny, while m many salt-loving plants the stomata
sunken. Halophytes are found in our coastal salt marshes

and on saline tidal flats in temperate and tropical countries and
on the alkah flats of the interior of continents. Notable exam-
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pies of these plants are the Salt Marsh Samphire, Salicornia

ambigua, the Mangroves (Rhizophora), the Goosefoots (Cheno-

podium), and the Bald Cypress (Taxodium).

Xerophytes.—The plants of this group, like the halophytes,

are adjusted to live in a soil which is physiologically dry. The
may •hysical nature, such as porosity

(sand), or to the presence of humic acids, or by chemical action,

which inhibits the absorption of water. They are adapted to

meet the conditions of strongest transpiration and most precarious

water supply. To meet such conditions of physiological drought,

the plants show various structural adaptations. In deserts,

where the atmospheric precipitations are less than a certain

limit, the nlants accmire. a xeronhvtic structure, surh as suram-

in

stomata

(frequently in pits), reduced transpiration surfaces and thorns.

Mechanical tissues like wood and bast fibers attain their highest

development in these plants. Cacti, conifers, lichens, and the

century plants (Agave) are types of xerophytes, while many bog

plants like the cranberry and Labrador tea, with leathery leaves,

are xerophytic. .

Mesophytes.—These are plants that grow in soil of an inter-

mediate character which is neither specially acid, cold or saline,

^t or dry, but is sufficiently well supplied with

water_and rich in the elements required for plant growth.

Plants which grow under such conditions do not have structures

by which transpiration is closely controlled. They have large

and incised, with numerous stomata

moderately

mis, and small intercellular-air-sp

are usually of a fresh green color.

stems

m
most

temperate

Tropophytes.—This, term was first introduced by Schimper

in 1898 for land plants which have deciduous leaves and whose

conditions of life are, according to the season of the year, alter-

mes m
summer, when the trees, shrubs
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nial herbs, included in this group, are in full leafage, and when,

owing to the regular supply of rain during the growing season,

the soil is plentifully supplied with water to meet the demands of

these plants during the period of active transpiration. During

the winter they are xerophytes. The cold of winter freezes the

Fig. 471.—A colony of the Golden Seal {Hydrastis canadensis), a mesophytic

shade plant or umbrophyte, growing in sparsely shaded woodland.

water in the soil so that the transpiration is reduced to a minimum,
and this is associated with the fall of the leaves of the trees and
shrubs and the death of the overground parts of the perennial

herbs which spring up each year from their underground parts.

The vegetation of cold temperate regions is mainly tropophytic.

The deciduous trees and shrubs, also known as the broad

-

leaved plants and the summer-green plants, form the principal
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tropophytes. The deciduous forests, which include the oaks,

the beeches, the ashes, the maples, the walnuts, the chestnuts,

cover a part of eastern and western China, central Europe

(England, France, Belgium, Germany) and eastern Australia,

and are coincident with the countries occupied by the most

civilized races of man, such as the Americans, Europeans,

Chinese and Japanese. The cold temperate climatic conditions

which have determined the distribution of the forest trees have

been influential also in the development of the energetic races of

mankind.

Plant Succession.—In the development of vegetation, the

same region becomes successively occupied by different com-

munities of plants. This process is called plant succession.

There are two kinds of plant succession, (1) the hydrarch which

begins in water and (2) the xerarch which may begin on bare

rock, rocky talus slopes, or other location where the soil is

extremely dry. As the scope of this book forbids little more than

mention of this topic, the student interested in it is referred to

works on plant ecology. *

Relation of Plants to Animals

The great and fundamental role of green plants in the world's

economy is that of constructing highly complex organic com-

pounds for food out of simple, inorganic, raw materials. This

animals

down
-

simplest elements

ma the ordinary diet of

green plants represent salts of various metals

from

from

sunlight.

Carnivorous Plants.—There exist, however, about 500

species of green plants which, in addition to the common habits

of nutrition possessed by their relatives in the vegetable world,

have acquired the luxurious appetite for the flesh and blood of

animals allurement

imprisonment
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among
butterworts. In each

become modified

indicated.

Dead
'ganisniB

4n^e

Carbohydrate s
Plant proteins
Fats

y exj^«

'•Bacterial <

* «

1

Intermediate]
Decomposition

Products J

[Carbon
(Dioxide

Fig. 472.—The carbon cycle. {After Gager.)

The Sundews

small, boer olants that are main
members of the genus Drosera which comprises

hemisph
1> warm temperate and cool temperate regions of

xes. Each of these possesses a rosette of leaves

that arise from a greatly reduced root system. The shape of the

leaves varies depending upon the species, although it is fre-

filiform surface

the leaf-bl

red color. andular

unlight
phenomenon that accounts for the common name assigned to the
members of this group. The tentacles in the central part of the

green Toward
margin they become longer and more inclined outward

their
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When examined under the microscope

terminating A conducting bundle

sim

come

Fig. 473.—Drosera rotundijolia, the Round-leaved Sundew. {From Jenkins' "Inter-

esting Neighbors")

gland. Upon
o a number of t

These centrally placed tracheids are surrounded by a protective

sheath (endodermis) outside of which are two layers of secretory

erma cells with wine-red, granular

layer of which is palisade-like. commo]

re consi
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elongated. They secrete, absorb and are acted upon by various

stimulants.

"Darwin 1 has showi\ that when a small obiect is placed on the

transmit an im

marjinal tentacles. The nearer ones first respond and slowly

bend toward the center and then those farther away until finally

become time essential varies from

more
temperature

age of the leaf. Again, if the glands are repeatedly touched or
i

brushed or if chemical substances are placed on these, the mar-

ginal tentacles curve inward. The bending part of each tentacle

limited Not only

becomes much
strongly exciting substance is placed on the blade.

The time during which the tentacles and blade remain curved

over the object varies according to the temperature, character of

object, age, etc. Dr. Nitschke 2 found that during cold weather

both the blades and tentacles re-expand within a shorter period

than when the weather is warm. Darwin 3 found that the ten-

tacles remain clasped for a much longer period over objects

which yield soluble nitrogenous matter than over those yielding

no such matter. After a period varying from 1 to 7 days the

tentacles and blade re-expand and are then ready to again

respond. It has been shown by the same
become

matter their erlands nour out an increased amount

becomes more

inflected.

remain closely

small

mis
alight upon the leaf. They become
viscid glandular secretion. They try to stroke the viscid fluid off

of their legs but only besmear themselves more. Soon they

1 Darwin: Insectivorous Plants, p. 9, 1884.
2 Darwin: Insectivorous Plants, p. 13, 1884.
3 Darwin: Insectivorous Plants, p. 13, 1884.



ECOLOGY 625

become

orifices of their breathing tubes (tracheae) and they perish in a

time

from suffocation. The surrounding tentacles bend over the

insect's body and clasp it on all sides. A digestive juice con-

enzyme
now . This digests the flesh and blood

of the insects caught. The water-insoluble chitinous parts of the

body are left on the surface of the blade. If the insect be large,

the bending of the tentacles is augmented by the inflexion of the

whole surface of the leaf-blade which assumes a concave shape.

With the tentacles also curved over, the whole leaf simulates

a closed fist. The glands then absorb the soluble nitrogenous

material which is assimilated by the plant.

Amon
small named

captured by the cooperation of 2 or 3 adjacent leaves.

The Fly Traps

comprise

{Dioncea muscipula) and the Submerged Dionaea (Aldrovanda

vesiculosa) .

\d to damp localities ot

miles north and 45 mi

Wilmington. North Carolina, and nowhere over 1 5 to 20 miles

in width.

modified

more From
cyme

n from April to June.

Each leaf consists of a winged petiole that is studded on both

small trun

acted to the midrib whic

composed of 2 symmetrical

can fold together along the line of the contractile and irritable

midrib region. Along the margin of each half of the blade are

long, stiff, non-irritable bristles which, on closure of the blade,

interlock with each other. On the center of the upper surface

i
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of each half of the blade are three sensitive hairs

disposed as angles of a triangle. Each of these sensitive hairs

composed ol elongated cells whose protoplasmic show

/7 *V^W^ l

h
e
<?

Fig. 474.—Dz^a aiiw^fa, The Venus Fly Trap. (From Jenkins* "Interesting

Neighbors")

movement

permits

- v V — ^-^ *w %_' J

ting a stimulus. Further, over the entire

Leal mass of small

. These sensitive

ing and transmit-

upper surface of
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the blade are numerous, closely set, sessile, glandular hairs

which, after repeated irritation, secrete an acid digestive juice.

Each of these, as observed under a microscope in surface view,

com
crimson-claret pigment,

hair consists of a somewhat

composed of 3 parts, viz., base, highly

tive shaft. The base consists of large pidermal

meso that can receive and

mulus from the sensitive

The joint consists of elongated columnar cells that enclose

similar columnar meso The
almost

When a stimul

the joint cells and causes upsetting of turgidity and exudation of

liquids with a consequent contraction of the elastic cells. The

action is propagated to the midrib region where the cells, by

contraction along the upper surface and expansion along the

lower, cause closure of the halves.

Macfarlane 1 has shown that when an insect alights on a leaf of

Dionaa, one hair must neither be stimulated twice or 2 hairs on

the same leaf at slight intervals apart in order to cause closure.

The caught insect produces a summation of stimuli, and gradual

tightening of the lamina occurs under the repeated stimuli until

the halves become closely locked. The glandular hairs now pour

out an acid digestive secretion which digests the flesh and blood

of the insect's body. The soluble nitrogenous substances are

then absorbed by the glands and assimilated.

Dr. J. S. Hepburn 2 found that the secretion of the leaves of

Dionaa contained a protease which was active in the presence

of 0.2 per cent, hydrochloric acid. This enzyme, therefore,

resembles pepsin of the gastric juice of man, which also acts in a

0.2 per cent, hydrochloric acid medium.

Dr. J. M. Macfarlane, who with Dr. Canby and Charles

Darwin have separately investigated the structure and phys-

iological activities of this plant, reports that 2 touches one-fourth

1 Macfarlane: Contrib. Bot. Lab. U. of Pa., 1: 7-44, 1892.

2 Hepburn : Jour. Franklin Inst., 194: 780, 1922.
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to one-third of a second apart will not produce closure of the

halves, though a second stimulus that is from 1 to 120 seconds

apart from the first will effect closure, also that it is not essential

for the stimulus to be on one hair, that a prick sets off the trap

at once due to liquid escaping from turgid cells and, further, that

all muscle stimulants, mineral acids and ammonia effect closure

of the trap.

Among the insects caught by Dioncea are earwigs, millipedes,

flies, ants, wood-lice and dragonflies. The length of time

required for the digestion of their softer parts and the absorption

of the soluble products of digestion varies. During this time the

trap remains closed. The power of digestion possessed by
Dionaa is more limited than that of Drosera, which has been
known to capture and digest many insects in a shorter period of

time.

D
>anda vesiculosa, which might well be called a "Submerged
' is a relative of the Venus Fly-Trap. It is a floating

aquatic plant found widely distributed in shallow ditches and
ponds over the old world from Europe to Australia but nowhere
abundant. This plant is entirely devoid of roots, but possesses a

slender stem which bears whorls of modified leaves at its nodes.

Like the Venus Fly Trap, each leaf shows differentiation into a

winged petiole ending in 5 narrow processes that connect with a
• 1 « * a _. _ — _

terminal

midrib, but the midrib projects bevond the summit
lamina

unsuitable as prey. The margins

ad from

animals

rims

Projecting from the upper surface of the midrib and along a line

describing the inner third of the upper blade surface are a
number of sensitive hairs and shnrt-cta1tv*ri ri;cr.oK,n ^ ^a^^Ac.

number
are

small

)ps, Daphnia and Cypris, swimming
brush against the sensitive hairs and the 2 halves of the blade

animals
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When they attempt to escape through the place where the
margins of the blade meet, they find the conical teeth prevent
their egress. They die in the trap, and when the latter are forced
open and examined a couple of weeks later they only contain
the chitinous skeleta.

The Pitcher Plants

The pitcher plants are for the most part found in bogs.

Their main representatives belong to the genera Heliamphora,

Sarracenia, Darlingtonia, Nepenthes and Cephalotus. The pitcher

itself represents the hollowed out midrib of the leaf in the first

named genera and an inpouchinsr of the leaf

named

Heliamph (H.

Mount
between British Guiana and Venezuela. Here it flourishes in

widespreading dense tufts in wet places where the grass is short.

It has a rosette of red-veined pitcher-leaves and delicate white

flowers raised high on red-tinted stems. Along the entire length

of the pitcher are 2 broad wings. The pitcher itself represent a

hollowed out midrib which is tubular in shape, becoming grad-

ually broader from base to mouth and ending in a small lid.

Over the entire outside of the leaf are nectar glands and upward
directed hairs. The nectar elands secrete a sweet fluid which

termed

surface. Nectar

inner

pitcher is covered with downwardly projecting hairs and nectar

glands. This surface can be called the attractive and conducting

surface. A smooth surface follows, which in turn is succeeded

com
mostly smooth

Sarracenia 1
is represented by 7 species all of which are con-

fined to Eastern North America except Sarracenia purpurea, which

extends west to Western Minnesota and West Central Canada.

Their pitchered leaves are of varying form and color design,

1 Macfarlane: Sarraceniacea in Engler, Das Pflanzenreich, 34 Heft, (iv, 110)

39 pp., 1908.
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depending upon the species. Frequently they are long funnel-

shaped, tubular or vase-shaped. The color of every species

varies

¥ T

*f.

< J

i

-•*

*

vm

%£>+% V

Fig. 475.

—

Sarracenia purpurea, a pitcher plant from a northern bog. (From Jenkins
a
Interesting Neighbors?*)

*

bright sunshine. In some respects the form of pitchers resembles

Heliamphora, but there is only a single wing present and further,

the lid is considerably larger.

In all we find the pitchers showing an alluring outer surface

covered with nectar glands, but devoid of the upwardly directed
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Heliamphora, an attractive inner lid surface, marked
numerous

which lead the insect toward the next or conducting surface.

This is either nearly smooth (S. purpurea) or presenting delicate,

downwardly projecting processes and on which the insect loses its

purp

bottom

Fig. 476.—A colony of Sarracenia purpurea growing along the border of a pond in

Burlington County, New Jersey. Chamacyparis in background.
r

the pitcher, which contains a watery fluid and whose surface,

save its lowest portion, is marked by the presence of many elon-

gated, downwardly directed, thick-walled hairs, which prevent

from

present

Darlingtonia 1
is represented by a single species, Darlingtonia

nu which grows

small streams

mountain swamps

>f 1000 to 6000 fe from Plumas

Jackson and
1 Macfarlane: "Sarraceniaceae," in Engler, Das PJla

39 pp., 1908.
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Josephine counties in Oregon. Its underground rhizome gives

rise to pitchered leaves which are from 1} 2 to nearly 3 feet in

height and spirally twisted in about a half revolution. Each

.*#

\

•>

,jlfrf»^

Fig. 477.—Sarracenia flava, a pitcher plant from a North Carolina bog. (From
Jenkins' ''Interesting Neighbors:')

summit
circular opening up to an inch in diameter

under side. dome
translucent areas. A wing extends along the pitcher from
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**:

farther by honey glands within

the opening of the pitcher

which it next visits. When
satisfied and ready to leave, the FlG 478.—Darlington's Pitcher Plant

translucent areas on the hood (Darlingtonia Califomica) from mountains

rhizome to its orifice. At the upper and outer edge of the open-

ing is a moustache-shaped appendage which possesses stiff hairs

all of which point toward the pitcher opening. The color of

the pitcher is green, blotched

with red and yellow. Within

and about the opening and on

the bi-lobed appendage are

alluring glands which secrete a

nectar attractive to insects.

The nectar is also secreted by

glands along the wing. An
insect creeping over the exterior

of the pitcher is enticed to the

nectar along the wing which it

follows up to the orifice where

the honey is sweetest. Flying

insects are attracted to the

pitcher by its mottled and

colored features. They alight

on one of the flaps of the appen-

dage and follow its curve which

narrows to the orifice. Sharp

bristles in the path pointing

toward the orifice make it the

natural direction for the insect

to travel. Upon reaching the

end of the. nat.h. it is tempted

above, like illuminated win- in California. (From Jenkins' "Interesting

from
means

ing by which it entered. The insect sees no

nothing but hairs on the inner surface of the pitcher pointing

downward and which direct it to the dark detentive pit below,

where it drowns in the watery secretion.
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By far the most beautiful and gracefully shaped pitchers are

those belonging to the genus Nepenthes which is represented by
about 68 species that are mainly indigenous to the East Indies

with headquarters in North Borneo and with Mount Kina Balu
as a center. Many of the plants are continuously exposed to a

moist dripping atmosphere.

Fig. 479.—Nepenthes Rajah. {From St. John's "Life in the Forests of the Far East.")

Each of the modified, pitchered leaves shows a petiole (usu-
ally winged) which widens into an expanded blade, the midrib of
which is continued as an elongated tendril which expands into a
terminal winded nitrher The pitchers show a large variety of

Fre-

Each

shapes and color designs depending upon the species
are

from small

is sensitive to contact
heart- or kidney-shaped. The tendril
stimuli and often winds about a limb c
partly filled with a viscid watery secretion, either hang suspended
in the air from the ter>HHl r>r ,*«,«. — *

The pitchers,
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One of the largest pitchers found in this group is that of

Nepenthes Rajah, a species found on Mount Kina Balu along the

north coast of Borneo at an altitude of 5000 feet. It has leaves

which, exclusive of petioles, are 1 8 inches long, and the pitchered

portion is 6 inches in diameter and 12 inches in length with a

circumference of 19 inches. The lid is 10 inches long and 8

inches broad. The pitchers rest on the ground in a circle.

The color of the pitchers is deep purple. The color of the lid

portion is lavender, shading to green at the edges. One pitcher

noted by Spenser St. John 1 held 4 pint bottles.

The lower surface of the petiole, lamina and the whole

external surface of the tendril and pitcher are covered with

alluring nectar glands. These alluring glands also occur along
-

the stem. Their secretion entices insects to the pitcher mouth or

lid. Around the mouths of the pitchers of nearly all of the

species is a corrugated rim on which are parallel ridges, which are

usually extended as teeth that are inclined downward into the

pitcher cavity. The surface of this rim is smooth and polished,

so affording a poor foothold for insects. Around this rim, in the

region of the teeth, are the openings of deeply sunken, marginal

glands which pour forth a very sweet nectar, attractive to insects.

The inner surface of the lid is usually dotted with attractive

glands.

In many species of Nepenthes, the entire inner surface of the

pitcher cavity constitutes the detentive surface. It is lined with a

smooth epidermis that is uniformly studded with glands which

secrete a digestive juice containing a proteolytic ferment and

absorb the soluble products of digestion. In many others the

upper surface of the cavity is smooth, forming a conducting

surface, while the lower one-half or one-third is alone detentive.

Insects lose their foothold on the conducting surface and fall

.into the watery secretion at the bottom of the pitcher.

Cephalotus has but one species, C. follicularis, which is native to

swamps of South West Australia. It has short creeping rhizomes

which produce annually one set of 5 foliage leaves and later a set

of pitcher leaves which rest on damp soil. The pitchers exter-

nally are equipped with winged ridges which provide a handy

1 St. John, S.: Life in the Forests of the Far East, 1 : 334, 1863.
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means of ascent to the mouth for creeping animals, while their

lids are half-closed and mottled with white areas and purple

veins and are often mistaken for flowers by high flying insects.

In minute details of structure the pitchers are surprisingly like

those of Sarracenia and Nepenthes. The exterior of the stalk is

studded with alluring glands. The margin of the pitcher is

corrugated and inflexed, and all over this area and exterior of

corrugation as well as on the inner lid surface are an abundance

of honey glands (attractive surface). Just inside of the margin

is a circular shelf-like ingrowth consisting of downward-directed

cells which resemble the conductive surface of Sarracenia. The
remai

bottom

crimson to crimson

huge, many-celled

em
i

a fibrovascular bundle

terminating in their base. The glands secrete an acid digestive

juice which partly dissolves the animal captives. A viscid

secretion partly fills the pitcher cavity.

As to relations of the pitchers of these several types of curious

plants to animals, it may be said that insects, spiders, etc., are

attracted to the plants partly by the brilliant colors of their

pitchers and partly by the nectar drops exuded by honey glands.

They make their way to the exterior of the lid (or appendage in

Darlingtonia) where the secretion along the outer margin is

plentiful. From here they move to the inner surface of the lid

and sip the honey. Tempted further by the sight of nectar
ahead and often by hairs pointing downward, they step inside

the pitcher on to the conducting surface. Upon reaching this

surface they waver, slip off and fall into the lower part of the
pitcher which is the water holding region. They make numerous
attempts to escape but find exit impossible on account of the

downward-projecting hairs. They drown in the liquid and
m

juice secreted by glands lining the lower portion of the pitcher
cavity.

Whil

The animals caught by these pitcher plants are various.

have been recorded by observers as having been captured by a
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number them. Burbidge 1

o visited bv a small

Nepenthes

margins

out insects and devours them. T
attempted such action with JV,

same

Fig. 480.

—

Nepenthes Edwardsiana* (From St. John's "Life in the Forests of the Far

East")

|

•

two sharp spurs with which the pitcher of this species is provided

catch it by the neck and tumble it into the pitcher.

Macfarlane 2 has carefully observed the relations of Nepenthes
—

to animals. He states in part that "running insects such as ants

and cockroaches are their principal prey. Cockroaches run up
the stem and may pause to sip nectar from the alluring stem

glands. Reaching the base of the leaf, they may pass along it,

1 Burbidge: Gard. of Sun, pp. 40-344, 1880.
2 Macfarlane: Nepenthaceae, in Engler, Das Pflanzenreich, 36 Heft., 88 pp.,

1908,
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attracted by the presence of honey drops there. They almost

invariably run along its under side to shelter themselves from

and the hot sun. Moving on restlessly and sipping fromenemies

nectar glands as they advance, they reach the tendril. The

more

glands than is the outer part of the pitcher and along this they

often run till they reach the orifice or lid. The lid glands of the

inner surface prove a greater attraction but their secretion does

not compare with the marginal glands. Straining to reach the

orifices of the glands, the insect visitors often overreach them-

selves after a few efforts and tumble into the pitcher cavity, and in

rare cases is escape again possible.
55

Mr. Low who accompanied Spenser St. John on his travels in

North Borneo found a drowned rat in one of the pitchers of

Nepenthes Rajah. l

The character of the enzymes found in the pitcher secretions

has been investigated by Hepburn. 2 This author found a tryptic

enzyme in Nepenthes which was active in a slightly acid medium.

No proteolytic enzyme was found by him in the secretions of

Darlingtonia while the Sarracenias he investigated were found to

lytic enzymes. The protease in the pitcher liquor

fli

purpurea, S. rubra, S. Sledgei and
Drummondii acts best in an alkaline solution containing 0.5 per

cent, or less of sodium carbonate. Dakin 3 found a protease in

the pitcher liquor of Cephalotus.

The Bladderworts

The bladderworts belong to the genus Utricularia. They are

aquatic plants which are found in pools and bogs of various parts

of the world with their centers in S. America and the East

Indies.

bottom
ding

er surface. They have

ely dissected submerged leaves, some of which are specialized

1 St. John, S.: Life in the Forests of the Far East, 1: 335-336, 1863.
2 Hepburn, St. John and Jones, Jour. Frank. Inst., 189: 152, 1920.

and Proc. Roy. Soc. W
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*

as bladder-like traps which allow the entrance but not the escape

of small animals. Each of the traps represents a greatly

modified, inflated leaf of vesicular form and usually about % to

% inch in diameter. From the margin of its opening project

Fig. 481.—A Bladderwort {Ultricularia Grafiana). Note the submerged stems

bearing modified, bladder-like leaves. Small animals become entrapped in

these bladders where they are decomposed and the water-soluble portions of their

remains are absorbed as nourishment by the plant. In the lower right-hand cor-

ner is a bladder-like leaf of another species (Utricularia neglecta) shown in section.

The entrance to the bladder is protected by numerous hairs and by a trap door

(t). Drawing based upon Kerner. (Gager.)

stiff bristles. There is an upper and lower lip present. The

grea
Fromprocess that extends into the bladder.

suspended a thin elastic valve, the free edge of which rests upon

the inner surface of the lower lip cushion and closes the opening.



640 PHARMACEUTICAL BOTANY

Small animals, including" crustaceans like Cyclops and Daph

larvae of small insects and worms

time from

prey or because they expect to find food within the bladder. In

entering they have to press upon the valve and push it back. As

soon as they stop pressing upon the valve, the elastic character of

the valve causes it to close by bringing it back on the under lip

cushion. The entrapped animals struggle to escape by pressing

themselves against the valve, but their efforts are in vain, for it is

impos

time either from

tion. Their bodies decompose and the water-soluble products of

decay are absorbed by quadrifid cells lining the entire inner wall

of the bladder.

The Butterworts

ompnse
ing plants which are placed in the genus Pinguicula. About 40

species exist of which probably the best known is Pinguicula vul-

garis, 3l member of the Utriculariacece. which occurs in bogs or

damp places generally in mountainous

North America system

of from about 5 to 16 short, submerged, unbranched roots from
which arises a rosette of oblong-ovate, yellowish-green leaves, the

more
older ma

moist ground. From
rosette there arises a slender scape bearing a single flower of

violet blue hue that is spurred in its corolla portion.

Alike with other investigated species of Pinguicula, the leaves

of this plant have somewhat upturned margins which give them
form

with a viscid secretion. Microscopical examination

margin
first being of toadstool shape and consisting of a cylindrical stalk

bearing a disc-shaped head of 8 to 16 cells arranged radially,

the second consisting of a shorter stalk bearing an 8-celled head.
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Darwin i experimented

living plants of several Butterworts and found that drops of water,

gum
duced no response, that insoluble solid bodies such as grains of

remain for some time

incurving of the margins

mu
meat

margin

mucilaere and an acid More
over, prolonged contact with these

m
mar which pushed them slowly

he middle of the leaf wheretoward the

more glands are present and so increased

secretion. This acid secretion com-

pletely dissolved these substances which

were later absorbed by the leaf.

When small insects alight from the

air upon the leaf of the butterwort, they

become fastened by the mucilage and in

struggling to extricate themselves only

become deeper enmeshed

a short time the acid juice, secreted by

the glands as a result of the stimuli,

digests their bodies and all excepting

their hard, indigestible outer skeleta

(exoskeleta) is absorbed.

Within

Fig. 482.

—

Pinguicula vul-

a butterwort. An cx-garis

tract of this plant containing

If Small creeping insects Come Upon a proteolytic enzyme is used

the margin of the leaf they stimulate the «* certain sedative expecto-

t , i .1 i rant compounds. (After Le-
edge to curl over and the marginal

glands to secrete. Whil
Maout and Decaisne.)

mu
middle

most In about 24 hours the

parts

normal
1 Darwin: Insectiv. Plants, pp. 371-390, 1899.
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Significance of the Carnivorous Habit

animal

chemically, suffic

forms
t

oped their peculiar habit and correlated structures with the

object of providing adequately for their nutrition.



Chapter XXV

GENETICS AND EVOLUTION

Genetics is the science which deals with the coming into

being of organisms. It deals with heredity, variation, sex

determination, and the origin of individual plants and animals.

Heredity is the faithful transmission of characters from

parent to offspring. While similar to genetics it is not entirely

the same, since the heredity complex, representing what the

offspring receives at the time of fertilization, may be changed by

environment. Genetics deals with both the parental complex

and the environmental complex. Modern genetics is based

upon the law that the chromatin material of germ plasm is

inherited.

All organisms are terms

characters,

individual,

ts employed to distinguish

from another. Characters are
"

evident in the outlines of leaves, color of leaves, size of seeds or

materi

from the oarent. modified by environment main

itary Hereditary substance is chromatin material

nucleus of the cell.

*

Mendel's Laws of Alternative Inheritance

The methods of heredity which have been confirmed

main by the experiments and observations of many

monk
Johann Mendel (1822-1884),

Mendel was the

an

determine that the genes or '[unit characters," as he termed

them, can separate from one another and recombine in such a

way that the characters which they represent appear toact as

ate units that can often be removed from one strain and

troduced
disregarded

1 900 when DeVries unearthed them and brought them to the attention of biologists.

643
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Mendel experimented with the hereditary characters of

various kinds of garden peas because these were the best materials

he could find to test out his ideas and obtain light on the prob-

lems of heredity and variation in which he was so keenly

interested. He studied seven pairs ofconstant differentiating char-

acters in the peas he worked with, namely, tall vs. dwarf stems;

round (smooth) vs. wrinkled (angular) seeds; yellow vs. green

seeds; colored flowers and seed coats vs. white flowers and seed

coats; parchmented vs. non-

parchmented pods; green vs.

bright canary yellow, unripe

pods; and normal round stems

with axillary flowers vs. fasci-

ated (flattened) stems with ter-

minal or umbellate flowers.

The members of such pairs of

contrasting (alternative) char-

acters were called allelomorphs

by Bateson. Each member
two different strains of pla

which can be crossed, as for

exam stemmed

f stemme
Fig. 483.

age of forty. (GageT.)

be allelomorph

other-

Mendel's Laws embody

Unit The inheritance of

organism may be analyzed into a number of h
characters (unit characters) whic
not further divisible^

number

are

amsm is a com

Dominance .—When
are

in the offspring, but one is while the other is recessive and
tempo

--
.

the Purity of the Germ Cells (Gametes,
pure with respect to any given unit character.

Unit Characters

Every germ cell is

erm
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gf hybrids there occurs a separation of the determiners of con-
trasting characters resulting in the production of different kinds

germ

acter. This principle was later called "the splitting of hybrids"

by DeVries.
'

most outstanding principle in the Me
Law of heredity is the fact that the heritable characteristics of

organisms are independent one of another and may be inherited

independently. The determining si

must, accordingly, occur in the germ
perpetuating particles. Such substances are called genes, or

nit characters.

Structure of the Chromosome.—In the resting nucleus the

nuclear reticulum consists of chromatin threads. These threads

as often observed are longitudinally double. Each unit of the

double thread appears as a chain of beads and consists of a

linear series of granules called the chromomeres and these in turn of

one or more smaller particles called chromioles. The chromomeres

lie opposite each other forming pairs. The determiners within

the germ cells are believed to occupy the same arrangement, so

that chromomeres or their components may represent genes.

Male and Female Chromosomes.—Every sexually produced

organism is a double being. Every cell of a plant or animal is

double, one half having been derived from the male sexual cell

and the other half from the female sexual cell. Each of these

cells contains two sets of chromosomes, one set from the sperma-

tozoon and one set from the egg. These two sets of chromosomes

contain the genes derived from both parents.

During the maturation of the germ cells the chromosomes

become unravelled. Each paternal chromosome is matched

by a homologous chromosome of maternal origin. During

maturation homologous chromosomes and also their chromo-

meres time

chromosomes each pair of chromosomes (maternal and paternal)

appear as two parallel strings of beads, the beads representing

chromomeres and containing the genes.

Distribution of Chromosomes during Maturation and

Fertilization.—Maturation involves the reduction in the



646 PHARMACEUTICAL BOTANY

I

.
*?•A84-—diagrams illustrating the behavior of chromosomes during the reduc-

tion division which occurs at the time of spore formation in ferns and in most other
plants which have sexual reproduction. The maternal chromosomes are shown in
black, the paternal in white. Homologous chromosomes (corresponding maternal
and paternal chromosomes) are of corresponding length. As a result of the process
here shown, the spore mother cell (in the resting condition in 1 ) gives rise to a tetrad
or group of 4 spores as shown in 10. The spore mother cell nucleus (1) has the
diploid chromosome number (in this case 6) which is characteristic of the cells of the
sporphyte. These six consist of 3 pairs of homologous chromosomes, one of each
pair having come from the male gamete and one from the female gamete in the last
lusion of gametes. Note that in 2 the three pairs with the chromosomes of each
pair in close contact are lying within the nuclear membrane. In 3 the paired
chromosomes have shortened and have become closely "knotted" whereas in 4 they
have become 'unraveled" and have undergone further shortening. In 5 the mem-
bers ot each pair have separated but are still close to one another. In 6 the nuclear
membrane and the nucleolus have disappeared and the six chromosomes, each
S
f?r

ng eV1
$t

nĈ
<f

a later lengthwise splitting, have been separated into two groups

uf?' I
" aCtual reduction division. Note that in 7, only one chromosome of

each homologous pair is present in each of the resulting nuclei which are therefore
dinerent m the chromosome "stock. " Each of these nuclei now undergoes a second
or homotypic division (8) with a splitting of each of the chromosomes, so that there
are two kinds of nuclei in the tetrads (shown in 9), two having the same chromosomes
as the upper nucleus in 7 and two having the same chromosomes as the lower nucleus
shown in / {From A Text Book of General Botany" by Holman and Robbins by permis-
sion of the Publishers, J. Wiley & Sons, Inc.)
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numoer of chromosomes to one-half that of the somatic cells.

In the primary spermatocyte and primary oocyte of animals
synapsis the chromosomes unite in pairs. One member of ea
pair was derived from the mother, the other from the fath
When division occurs, the chromosomes do not divide, but ent
chromosomes seoarate and are HiQtrihnt^H in nai«** t^ +^ r^ a^„„

ter cells. spermatids and mature
egg, the pairs separate and each daughter cell receives univalent
chromosomes. A similar condition prevails during the division

of the mother cells of pollen grains and embryo sacs in plants.

Each spermatozoon and ovum is thus provided with one-half the

number of chromosomes found in the somatic cells or orimordial

germ

Maturation
tion. hromosomes

homologous chromomeres. Since the homologous chromo
somes

chromosomes

Allelomorphs.—Genes that occupy corresponding positions

homologous chromosomes are called allelomorphs. The mem
bers of a pair of allelomorphs may be the same or they may differ;

if they are the same, the individual bearing them is said to be

homozygous as far as the character is concerned that is controlled

by the particular genes; if they are different, the individual is said

to be heterozygous.

Dominants and Recessives.—In a heterozygote the genes

are of two kinds, dominants and recessives. A gene is said to be

ominant

allelomorph

In peas, tallness is dominant

dominant

recessive. The result of dominance and recessiveness in

allelomorphic genes is that heterozygotic individuals do not

exhibit all that they inherit from their parents, since some of the

genes are recessive.

Genotype and Phenotype.—The term genotype is_used

c make-up of an organism. Individuals

similar germinal constitution are said to be of the same
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genotype. The term phenotype is used to describe that part of the

inheritance t the individual. Forms alike in body
characteristics irrespective of their genetic constitution are of the

Monohybrids.—A monohybrid is an individual whose
arents differ with respect to one character.

Fig. 485.—Diagram illustrating the results obtained from crossing a variety
of garden pea breeding true to smooth cotyledons with one breeding true to wrinkled
cotyledons. (Gager.)

with One Pair
of Contrasting Characters

Mendel first made
work were constant for certain varieties and then began crossing

from each other in some
mentioned

several successive generations with respect to the behavior ol the
contrasting characters.

from

every
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|

showed only one of the characters occurring in the parental

plants. The obvious character he termed "dominant" the

hidden or latent character, "recessive" In one of his experi-

ments, he crossed tall pea plants with dwarf pea plants by trans-

ferring the pollen from the anthers of the tall plant to the stigma

of a dwarf plant; the seeds resulting grew to be tall plants like the

tall parent. These offspring plants represented the firstjiybrid

generation called the first filial generation and are represented by

the symbol F\. Accordingly, Mendel designated tallness the

dominant character and dwarfness the recessive character. He
next permitted the tall Fi hybrids to be self fertilized and their

offspring called the second filial generation (F2 ) were found to be__

f three tall to one dwarf. With seed

obtained from self fertilized F2 plants he grew an b z generation.

He found that all the dwarfs (recessives) of the F2 when so inbred,

gave only dwarfs which bred true indefinitely, while all the tall

plants of the F2 generation, when inbred, proved to be of two

kinds, one-third pure dominant tails which bred true indefinitely,

and two-thirds hybrids similar in number of kinds and ratio to

that obtained by growing seed of Fi plants, i.e., three dominants to

one recessive. These results may be diagrammatically repre-

sented as follows:

Parents T X D

F, (first filial hybrid generation) T(D) (all tall)

/I '

F2 (second filial generation) 1 TT: 2 T(D) : 1 DD (3 tall to 1 dwarf)

F3 (third filial generation) All T 3T ID All D

When there is only one pair of contrasting characters usually

but two types of offspring occur in the F2 generation, dominants

and recessives.

Results of Crossing Individuals with Two Pairs

of Contrasting Characters

Dihybrids are individuals whose parents differ in respect to

two pairs of contrasting characters. When Mendel set out to

Drove the ohenomenon of a 3 to 1 ratio in the number of domi-
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nant characters and recessive characters appearing in the

progeny of crosses between plants examined for one set of con-

trasting characters such as tallness and dwarfncss, he found that

by the same method experiments could be carried on in which
two sets of contrasting characters would be involved. His
variety of Pea plants that differed in one set of contrasting char-

acters, when crossed, produced monohybrids or factors repre-

sented by a suitable symbol such as Dd (Tallness D, Dwarfness
d). Two pairs of contrasting characters such as a variety of Pea
plant which Mendel found to produce yellow, wrinkled seeds

and another plant producing the characters for smooth, green
seeds, when cross-pollinated, developed spores which gave rise to

sperm

sperm and eggs as of the m This
condition of a progeny in which there are two separate con-
trasted characters is called a Dihybrid. In the cross of a variety

plants having green smooth surface
var

following progeny appears in the first filial generation: Factors for
smooth (indicated by S) and yellow (indicated by Y) are domi-

wrinkled
(indicated byy) are recessive. diagrammatically

SyXsT

smooth and

In the second filial generation or F2, after self-fertilizing the

kinds

first

are four possible kinds of male gametes
female gametes mitosis

female gametes

male gametes

male

S,s,r,y). The
femal

multiple of such a union of gametes
indicates that there will arise an t\ generation of zygot
sixteen dihybrid characters in a definite proportion The

composition of the F2 zygotes of this dihybrid may
iagram
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cf 9

Ss Yy XSsYy
Male gametes

Female gametes

ST

Sy

sT

sy

sr

ssrr

SSYy

SsYY

SsYy

Sy

SSYy

SSyy

SsYy

Ssyy

F2 Generation (Showing progeny with a 9-3—3—1 ratio)

sY

SsYY

SsYy

ssYY

ssYy

sy

SsYy

Ssyy

ssYy

ssyy

In the checkerboard diagram there are evident homozygous

(like) characters and heterozygous (unlike) characters. Any
dominant

smooth

dominant
smoo

surface and green color. homozyg

contrasting character, if that character is recessive, will appear

recessive for that particular character regardless of how the

exam
mozygous

homozyg

second contrasting character appears. For

has the factors for ssTT, the character s.

wrinkled surface, a recessive character, i

yellow color, a dominant character; the dihybrid is, then, yellow

and wrinkled. If the dihybrid appears with characters ssTy, the

character is still homozygous for wrinkled surface but heterozy-

gous for yellow color; it will then appear also yellow and

wrinkled. Although the result seems to be the same as far as

external appearance is concerned, the second contrasting char-

acter of 2>, being heterozygous, will not breed true for yellow in

succeeding generations. In the like manner, if the first pair of

contrasting characters, were Ss instead of ss, again there would be

a heterozygous character which would not breed true should that

zygote be self-fertilized.

With
varieties of Pea plants having yellow color,

seeds and plants having green color, smooth-:

i\Trmt^e ;« *v.« r-oti^ of nlants with dominant c

wrinkled

*
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smooth surface: 3 with horn

homozygous

dominant factor of smooth

all appearing with green color and smooth surface; 3 with homo-

zygous characters for the recessive factors of wrinkled surface

homozygous

homozy
color and wrinkled surface which breed true when self-fertilized.

The four classes when grouped as to the appearance of seeds are

then as follows:

9 Yellow color, smooth surface

3 Yellow color, wrinkled surface

3 Green color, smooth surface

1 Green color, wrinkled surface

Galton's Law of Ancestral Inheritance.—Francis Galton

was the founder of the scientific study of inheritance. He
concluded from a study of several selected traits of certain families

that the two parents contribute between them on the average

one-half of each inherited faculty, each of them contributing one-

quarter of it. The four grandparents contribute between them
one-quarter, or each of them one-sixteenth; and so on, the sum
of the series y2 plus % plus % plus He • • • being equal to 1.

Variations

organisms

Variations represen

individuals of a species.

which make them different from their parents or from
species. No two organisms of any species are exactly alike.

This is very apparent from the examination of children in the

same family or plants reared from seeds of the same fruit.

While having similar characteristics in the main, differences

may readily be made out whereby we can distinguish the indi-

viduals. Exampl "

"

^ymmetr

pigment
appearance

Other kinds of variations are (1) modifications due to differ

in environment to which organisms are exposed; these are
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called fluctuations. (2) Variations due to new combinations of ances-

some cases were latent in the narpnts

grandparents or in more
U ' 5?Such instances are called "reversions." (3) Mutations or sudden

and frequently large differences which appear among individuals

not of hybrid origin. It is believed that many varieties of

economic plants had their origin in seed mutants

The mutations seen in plants reared from seed snoi

of parental characters. Bud mutatu

occur on normal plants as in some

combination

ts sometimes

daily in certain citrus fruits. The Boston Fern, Nephrolepsis

exaltata bostoniensis is a bud sport of Nephrolepsis exaltata. This

form of mutation is due either to the alternation of a simple erene

certain chromosome or to abnormal

chromosomes during mitosis. Cont small

additions or diminutions of certain parental characters. Dis-

continuous variations arc sudden marked variations which arise

without the appearance of transitional stages, as for example

where variations occur in the normal number of parts, as in the

four-leaved clover. De Vries called these kinds of variations

mutations.

Evolution

forms

organisms existing today have been derived from

common
It did not originate with Charles Darwin. It was first conceived

by Anaximander, Empedocles and other ancient Greeks. The

more important theories as to the method of evolution will now

be discussed.

The Lamarckian Theory of Use and Disuse.—Jean

Baptiste de Lamarck (1744-1829) a French naturalist, pro-

pounded his theory on the origin of species in 1809 in his "Phil-

sophie Zoologique." He assumed that the environment changes,

that use and disuse may alter the character of the individual,

that characteristics acquired by an organism in its lifetime are

inherited by its offspring. The persistent use of a part of the
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muscles of the arm of a blacksmith, results in greater

>ment

organ results in its partial atrophy or degeneration. While

environment

many
Lamarck assumed that the changes brought about in an organism

through use and disuse of organs were passed on to the descend-

ants. As an illustration of his theory he

used the neck of the giraffe. He assumed

the early ancestors of the giraffe were

grazing animals and that a change in the

environment caused them
leaves of trees. The pre*

Lamarck
cumulati\

of slightly greater neck-length brought

about in each generation by reaching up

persistently to browse upon higher

Fig. 486.—Jean Baptiste Vegetation.

de Lamarck (1744-1829) who His theory of the inheritance of
proposed the theory that acquired characters is largely rejected by
characters acquired by an in- . ,

* ° J J '

dividual in its lifetime are
biologists of the present day because of

inherited by its offspring and the lack of convincing evidence.
so effect evolutionary changes. The DARWINIAN THEORY OF NaTU-
(Aiwooa.

)

ral Selection.—Charles Darwin
(1809-1882) was an English naturalist, who made many observa-
tions on the British exploring expedition that circumnavigated
the globe on H.M.S. Beagle from 1831-1836. As an outcome of

this experience and other later observations he worked out a
theory of evolution which he published in 1 859 in a book entitled

"The Origin of Species by Means of Natural Selection," or "The
Races *3

Darwin's Theory is based on the following fundam

anisms

propositions

:

1. Prodigality of Nature
mously fertile, yet the total number Is approximately sta-

tionary. It seems well established that many more
animals A
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small

erminate and averagely few of the seedlings attain maturity

2. Struggle for Existence.—for Existence.—Owing to the production of

individuals far beyond the earth's facilities to support them,

there is a struggle for existence. An intense competition is con-

Fig. 487.—Charles Darwin. (Gager.)

amon

individual plants and animals. The struggle is unequal because

of the variability in structures, activities and close relations.

3. Organisms and Species Differ in Respect to Their

Fitness for a Given Environment.—Obviously, a water plant is

unfitted to live in dry soil and a dry soil plant unfitted to live in

the water.
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4. Variation and Heredity.—The individuals of a species

are not all alike and among the offspring of the same parents there

are always at least slight variations. These variations are con-
tinuous or fluctuating in character.

5. Natural Selection.—Through the struggle for existence

there is a natural selection which results in the survival of the
fittest. Darwin argued that in this biological competition some
organisms and species possess advantageous variations and are

consequently preserved while

the less fortunate perish. The
favorable characters are handed
down to the descendant, genera-

tion after generation, so long as

they continue to be advanta-

geous. Thus, the weak and
adapted organisms are

Fig. 488. Weissmann
{Atwood.)

eliminated while the forms most
in harmony with their environ-

ment survive.

6. Origin of Species.—
According to Darwin, if certain

members of a given group adjust

themselves to the conditions of

life through variation in one

Natural

direction and others in

among the forms through th

other

must in the course of time be sufficient to make them
separate species.

Weissmann 5

s Germ Plasm Theory.—August Weissmann
Germ

While this
germ plasm

Owen
Nussbaum and others, it remained for Weissman through

Germ Plasm
to bring it forcibly to the attention of scientific world.

Weissmann vigorously denied the inheritance of all forms
acquired characters. He believed (1) that the cells of
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organism are 01 two kinds, the body or somatic cells containing
somatoplasm and the germ cells containing germ plasm, (2) that
the germ cells reside in the body but are not part of the body or
soma, (3) that the germ cells arise as direct descendants of the
germ cells of the previous generation, (4) that the germ plasm

from the beginning of life and the soma
arise from combination

germ plasm (6) determ

cells out into the various parts of

the developing body and that

differentiation of the organism is

produced in this way, (7) that a

germ plasm and migrate from the germ

sm
in consequence of a changed type

of germ cell.

Weissmann's ideas about vari-

ation were just the reverse of those

held by Lamark and Darwin who
believed that variations first origi-

nate in the bodv and are thence

> the germ cells. He
mportance of heredi-

FlG
-
489--Hus° De Vries, author

of the theory of mutation as a method
ion but almost neg- of evolution. {After Walton and Foss.)

lected environment.

De Vries Mutation Theory.—Professor Hugo De Vries,

a Dutch botanist, in 1901, advanced the theory of evolution

through sudden abrupt variations. He asserted that new
species arise suddenly and become fully established from a

parent form which may continue to live side by side with the new
form. He called these sudden variations, mutations. De
Vries reached his conclusions from the striking variations he

discovered in successive generations of the Evening Primrose

{Oenothera lamarckiana), a species he found growing wild, in 1886,

in a waste field about Hilversum in Holland. In experimenting

on the Evening Primrose in his Amsterdam gardens, he found the

mutants when self fertilized proved stable, and when crossed

behaved according to the Mendelian laws. De Vries' principal
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conclusions have been verified by many subsequent investigators

and his methods extended to the discovery of mutants among
many species of plants and animals.

Chromosome Mutations.—Since De Vries' discovery, cyto-

logical studies have been applied to the study of mutations.

These have shown that many mutants possess new chromosome
numbers throughout their structure. For instance, Oenothera

lamarckiana possesses 14 chromosomes while one of its mutants,

Oenothera lata, has 15.

Polyploidy.—The normal somatic cells of the bodies of higher

plants and animals have two sets of chromosomes (diploid).

Polyploids are forms having multiples higher than two, e.g. three

or more chromosome sets. Polyploids have been found to

originate by hybridization followed by chromosome doubling.

Extreme temperatures are claimed by Sax and others to pro-

duce doubling of the chromosomes. Polyploidy has been found
to account for many mutants in wild plants as the chrysanthe-

mums, maples, roses, apples, cherries, hawthorns, erigeron and
rumex and in cultivated plants including wheat, oats, tobacco,

sugar cane, dahlias, etc.

The Modern Theory of thf. Okajf —Th*» current
had its origin in the work of Thomas H. Morgan, an American

mutating
fly, Drosophila

mutant characters

have been identified in this insect. Morgan showed that the

genes can be linked into four groups that correspond to four

pairs of homologous chromosomes in the germ cells. The loca-

tion of the characters or their determiners or genes on the

chromosomes has been worked out by Morgan and his associates,

and their experiments have shown that genes may cross over
from one homologous chromosome to another. They have
further shown that genes displaying linkage with each other are
located in the same pair of chromosomes, that the substance of

chromosomes

charact

same chromosome
Several explanations have been advanced concerning the

mutations
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characters. Gates suggests they may be environmental, as for

example the lowering of the temperature during periods of germ
-

cell maturation. Others have suggested internal causes, such

as the weakness of attraction between homologous chromosomes
and the consequent failure of synapsis.

The rate of mutations has been slightly increased in Drosophila

by Muller through raising the temperature of cultures of this

insect. In 1 926 he showed that the X-ray had the power to alter

and rearrange the genes. By exposing adult Drosophila flies to

powerful X-rays he greatly accelerated the rate of the mutations,

increasing these by up to 1 50 per cent.

It is now thought probable by many geneticists that genes

located in the chromosomes represent the sole vehicle of inherit-

ance and that heritable variations can come only from changes

in the genes. These changes represent mutations.



Appendix I

THE MICROSCOPE

A Microscope is an optical instrument, consisting of a lens, or

combination of lenses, for making an enlarged image of an object

which is too minute to be viewed by the naked eye.

Microscopes are of 3 principal kinds, viz. : simple, dissecting

and compound.

The Simple Microscope

This consists simply of a convex lens or several combined into a

system and appropriately mounted. A good example of a sim-

Fig. 490. microscope. Description in text.

microscope simple micro

examination

herbarium material

ma

The Dissecting Microscope

necessary to have both hands free.

parts

meet this

661



662 PHARMACEUTICAL BOTANY

forms of stands have been devised which have been combined

with an arm and lens to constitute what are known as "Dissect-

Microscop One of the simpler forms

Fig. 491.—Zeiss stereoscopic dissecting microscope with built in illuminating

equipment.

in Fig. 490. consists of a me
i

rests; a glass stage plate, full size, on which the object to be dis-

mirror

from

the light at the plane of the object. arm
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on a rack-and-pinion focusing adjustment having ample range

to suit a variety of thicknesses of objects. A black-and-white

metal stage plate serves for use as a contrast background. A
more elaborate type of dissecting microscope of the twin objec-

tive binocular type is shown in Fig. 491 . This gives erect images

and a stereoscopic effect.
*

The Compound Microscope

A. Its Construction:

The principal parts of a compound microscope are:

1. The base, generally horseshoe shaped, which rests on the

table.

pilla

below, supports the rest of the instrument and incorporates the

inclination joint.

3. The stage, a horizontal shelf upon which is placed the

preparation or slide to be examined. The stage is perforated in

the center for transmitting light reflected up by the mirror. On
the stage are two clips for holding the glass slide.

4. The mirror, situated below the stage, by which the light is

reflected upward through the opening in the stage. mirror

generally has two faces; the one is plane for initial light intensity,

the other concave for concentration of light on the object.

diaph

gulate the amount

mirror

6. The body tube, a cylinder which holds the draw tube and

moves

ing in the stage. The tube is raised or lowered either by sliding

movement

pinion mechanism. The latter is called the coarse adjustment and

is used for finding the focus.

fine adjustment, a micrometer

framework

/ motion

permits

ing of the higher power lenses.

eyep

draw tube. Each of these consist of two plano-convex lenses, the
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lower one being the larger and known as the collective or field lens

because it increases the field of vision. The upper or smaller

lens is called the eye lens. It magnifies the image formed by the

objective. Midway between the field and eye lens is a. perforated

diaphragm, the object of which is to cut out edge rays from the

image It determines the size of the field of view.

£ Eyeptoc*

D Draw Tub*

ffrionHni
T Body Tub*

RevoMnf

B &•*

Fig. 492.—Illustrating the parts of a compound microscope

system adopted by the maker
numbers, as

10X, etc.

magnification numbers

tube or nose piece. They consist of a
more lenses, some of which are simple, others com

bottom of the be

ystem of two, three
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convex crown lens and a concave flint lens. Objectives like

oculars are usually designated by fractions as }{ 2 , H, H, etc., or

in millimeters, as 2 mm., 4 mm., 16 mm., which renresenr fnral

Fig. 493.—Diagram illustrating optics of a compound microscope in use. Fi,

Upper focal plane of objective; F,, Lower focal plane of eyepiece; A, Optical tube

length
~

and

by the collective lens, to O s, real image in eyepiece diaphragm; 4,
virtual image

formed at the projection distance C, 250 mm. from EP, eyepoint; CD, condenser

diaphragm; L, mechanical tube length (160 mm.); 1, 2, 3, three pencils of parallel

light coming from different points of a distant illuminant, for instance, a white

throe different Doints of the object. (Courtesy of Bausch
illuminate

and Lomb Optical Co.)

lengths or numbers, as 97, 45, 10, etc. which indicate the mag

nification of the objective alone.

The smaller the number in millimeters or fraction represent

ma

power.
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The function of an objective is to take in the divergent light

from the object and change it into convergent rays that meet in

the upper end of the microscope tube in the

front focal plane of the ocular forming there a

magnified image of the object. This image is

further magnified by the lens of the human eye

.

Objectives are either dry lenses or immersion

lenses. If an air space be present between the

tip of the objective and the object, the lens is

called a dry one; if a liquid is present between

the tip of the objective and the object, the lens

is called an immersion lens. If this liquid be oil,
Fig. 494. Sec- ... . ...

•~ ~i •
. , .L^.. the objective is called an oil immersion objective:

tional view snowing J j *

component elements if water, a water immersion objective.

of an apochromatic,

high power objective.

Dry objectives are of low, medium and high

powers. Dry medium and dry high power

objectives are the best types to use on objects in air.

When examining objects in water, glycerin or

balsam with the dry objective, the cover glass

should be slightly under 0.17 mm. in thickness

for best results.

The important properties of the microscope

objective are: (1) Numerical aperture (NA.) which

measures the amount of light received from the

object and represents the index of resolving

power. (2) Resolving power is that by which two
small elements in the structure of an object and
which are only a short distance apart are dis-

tinctly separated.

The higher the N.A. the greater the resolving

power of the objective and the finer the detail it

can reveal.

N.A. equal N times sin u

wherein

Fig. 495.—

A

new type of ob-

jective in a correc-

tion mount. Turn-

the correc-mg
tion collar varies the

distance between

the two upper lenses

and the two lower

n

U

the lowest refractive index that appears lenses fixed in the

between the objective and the front of
body of the mount'

the objective.

half the angular aperture of the objective.
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The degree illuminat

power up to a maximum resulting from
the objective with light.

Fig. 496.—A modern monocular research microscope with revolving nose piece

side fine adjustment and substage.

mm
distance ranging between 0.00062 and 0.00031, dependent upon

aperture em mm
lim
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same

same N.A. should show the same illuminated

illuminat

with the widest cone of light they can take in.

effi

N
to fill the back of the objective with light.

Depth of Focus.—Depth of focus (known also as depth of
sharpness of penetration) depends on the N.A. and the magnifi-
cation and is inversely proportional to both. The higher the
N.A. and the higher the magnification, the less the depth of

focus. An increase of the depth of focus, for instance, by insert-

diaphragms

must

1am

Fig. 497.—Aplanatic condenser (Zeiss)

N.A. 1.4. Focal length 10.5 mm.

eter of the back lens and thus

decrease theN.A., therebylower-

ing the efficiency of the objective.

To comply with different re-

quirements in this respect the

makers offer two 4 mm. obiec-

tion, are
same magni

mind that the finer

more

depth of focus. Obje
ustment means

same N
Working distance of an objective is sometimes confused with the

equivalent focus. It varies for different powers being dispropor-
tionately less for high powers, and is measured from the front of
the objective to the upper surface of the cover glass. For

mm. e.f. 0.65 N.A.)
mm

Some microscopes are fitted up with a nose-piece, ca]
carrying two, three, or four objectives, which may be r

into place at the lower end of the body tube. Others
condenser which is emDloved tn mnn^^t^t^ +u~ i;„u* ..,
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examined. When using the condenser, em
pi

B. Its Use:

1. Place the microscope on the table with the pillar nearest

you

2. Screw the objectives into the nose piece and slip an ocular

into the upper end, if not already on instrument. Turn the

lowest power objective into position.

3. Find the light by looking into the ocular (eye piece) and

at the same time turning the mirror at such an angle that it

i

Fig. 498.—Microscope lamp, useful in illuminating opaque objects

reflects light from the window or lamp up through the opening

in the stage to the objective. When opaque objects are to be

illuminated, a stronger illumination is required than that usually

afforded by an ordinary laboratory lamp or by the light from a

window. For this purpose a microscope lamp, such as the Bausch

and Lomb No. 4578 (see Fig. 498) is very satisfactory. Mirrors

have two faces, a plane and a concave. Use the concave unless

emnlovinp- the condenser, when the plane mirror should always

be used.

must be cut off som

iris diaphragm. If

The higher powers
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require brighter light than the lower; the oil immersion

opening

5. Place the slide on the stage in a horizontal position with
*

the object over the middle of the opening through which light is

thrown from the mirror.

\"

Fig. 499.—Binocular microscope. This

micros
work or otherwise engaged for prolonged periods with the microscope. Note the

parallel position of the eyepiece tubes which are adjustable for interpupillary

distance

guidance. One tube has a spiral adjustment for correct-

any The instrument shown
an

With the lower power in position quite close to the

object, move coarse ustment

small

I until either the

appear distinctly,
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which means that the lenses are in focus. (If two objectives

only accompany your instrument, the low power is the shorter

one.) The object, if not under the lens, may now be brought
into the field by moving the slide back and forth very slowly

while looking through the ocular. To improve the focus,

slowly turn the fine adjustment screw.

7. To focus with the high-power objective, first find the

object with the low power and arrange in the center of the field.

Put clips on slide without moving it. Raise the body tube by
means of the coarse adjustment. Then turn the high-power

objective into position. Lower the body tube carrying the

objective until the objective front lens nearly touches the cover

glass. A slight movement of the fine adjustment should show

the object clearly. Never focus down with the high-power

objective while looking through the ocular because of the danger

of pressing it into the cover glass and the risk of ruining the

delicately mounted lenses.

Accustom yourself to use both eyes indifferently and always

keep both eyes open. If right handed, observe with the left eye,

as it is more convenient in making drawings.

9. When the oil immersion objective is to be used, a small drop of

immersion oil (slightly evaporated cedar oil) should be placed on

the cover glass directly above the object, and the body tube

should be run down with the coarse adjustment until the front

lens of the immersion objective enters the drop and comes almost

into contact with the cover glass. This should be done while

watching the objective. Then look through the ocular and

draw the objective up with the fine adjustment until the object

comes into focus.

Care of the Microscope

1 . In carrying the microscope to or from your *ta

firmly by the pillar and hold in an erect position,

ocular which is fitted loosely into the draw tube may

become damaged

Never
mou



672 PHARMACEUTICAL BOTAM

3. Never touch the objective or ocular lenses with fingers or

cloths.
-

4. Never change from lower to higher power objective with-

out first ascertaining that the body tube has been raised suffi-

ciently to allow the high-power objective to be slipped into place

without injury to the objective or mounts.

5. Never clean the microscope lenses or stand with cloths

that have been used for removing surplus of alkali, acid or other

reagent from slides.

6. Note whether the front lens of the objective is clean before

attempting to use it. If soiled, breathe on the lens and gently

wipe with an old, clean, soft handkerchief or lens

paper If the lens be soiled with balsam or some

Fig. 500.—Ocular
micrometer.

other sticky substance, moisten the handkerchief

or lens paper with a drop of xylol, taking care to

wipe it perfectly dry as soon as possible.

7. Do not let the objective remain long near

corrosive liquids, such as strong solutions of

iodine, corrosive sublimate, or mineral acids.

Never examine objects lying in such fluids without putting on a

cover glass.

8. Never lift the slide from the stage, but, after raising the

objective, slide it off the stage without upward movement.
9. Never allow the stand (microscope without lenses) to be

wetted with such substances as alcohol, soap, etc., which dissolve

lacquer.

10. Keep the microscope covered when not in use.

Micrometry

The unit of length used in microscopic measurement is the

micron (/i) which is one-thousandth part of a millimeter (0.001

mm.) or one twenty-five thousandth part of an inch.

In measuring microscopic objects it is necessary to make use

of a micrometer of some kind. That pretty generally used is the

ocular micrometer (Fig. 500). It is a circle of glass suitable for inser-

tion within the ocular with a scale etched on its surface. The
scale is divided to tenths of a millimeter (0.1 mm.), or the entire
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surface of the glass may be etched with squares (0.5 mm.), the

net micrometer (Fig. 501).

Standardization of Ocular Micrometer

The value of each division of the ocular micrometer scale must be

ascertained for each optical combination

(ocular, objective, and tube length) by the aid

of a stage micrometer.

The stage micrometer (Fig. 502) is a slide

with a scale engraved on it divided to hun-

dredths of a millimeter (0.01 mm.), in some

cases, also, to tenths of a millimeter (0.1 mm.),

every tenth line being made longer than Fig. 501.

J: *i

"I
+ " ' Ml

7 1

r T "

mi

intervening ones, to facilitate counting. crometer, about 1^ X
actual size. The en-

MeTHOD: graved scale is 10 mm.
1

.

Insert the ocular micrometer within the square and is divided

tube of the ocular by placing it on the dia- into small squares with

. r , , , ,• , .« . 0.5 mm. sides.
phragm of the ocular, and adjust the stage

micrometer by placing it on the stage of the microscope.

2. Focus the scale of the stage micrometer accurately so that

the lines of the two micrometers will appear in the same plane.

Make the lines on the micrometers parallel

0.10mm
0.0 1mm

Fig. 502. micr The

micrometer

micrometer scale seen in the center of the stage micrometer

This can often be done by turning the ocular to the right or left,

whil looking into the microscope.

Make two of the lines on the ocular micrometer

micrometer Note

divisions.

Note the known each division of the stage

micrometer scale which may either be etched on the stage
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micrometer If

Fig. 503.

micrometerStage

magnified about 24 X.
Each small ofspace

actual scale has a value

of 10 microns, each

between

mi
crons.

the entire scale is 1 mm.

is U.U1 mm. (Moo mm.), tr

of the stage micrometer scale

microns; if 0.1 mm. (Mo mm
5. Multiply the number

sions microme
microns

the number
micrometer The

each
of the ocular micrometer scale.

6. Note the optical combination (number
of ocular, objective and tube length) used and

microm
eter value. Repeat for each of the

combinations

measure an method
number of divisions it occupies of the ocular microm

microns

combination



Appendix II

HISTOLOGICAL TECHNIQUE

In this chapter the various methods which are commonly
employed in the preparation of plant materials for microscopic
examination and the reagents used in the examination of the
same

Making of Sections
i

Free-hand Sectioning.—Free-hand sections are usually

examination of roots, stems
many fruits and seeds. Material which is fresh may

material
warm water before using. Fresh material should always be
kept moistened in water on account of the danger of cell shrink-
age through loss of water. Dried membranous or subleathery
leaves should be kept in a moist chamber for at least 24 hours or
until sufficiently supple before they are sectioned. Dried
woody roots and stems can usually be best prepared for section-
ing by soaking segments of these in equal parts of alcohol,
glycerin and water for several weeks prior to using. Very hard
material like heartwoods, the shells of nuts and seeds, may
be softened in solution of caustic potash or ammonia water and
then washed free of alkali before sectioning. Fine shavings can
then be whittled off of these with a sharp knife. In some

material will suffice

thumb
finger of the left hand. If tender and flexible, such as a fresh
ieaf, it must be placed between the two flat surfaces of el

before sectioning. A segment of pith about an inch
harp knife

pith and leaf. from the leaf

through

through
675
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roots, etc., may be made in the same way, only a groove should

be made in the pith of such size as is necessary to hold the material

firmly enough without crushing it. In certain instances, when,

because of the smallness of the object and its resistance to cutting,

good sections can not readily be made with the aid of pith, a

small sized cork stopper can be used with better results. A hole

just large enough to prevent the object from slipping is made in

the center of the smaller end and the object inserted preparatory

to sectioning. The upper surface of the razor is wetted with
*

50 per cent, alcohol. The razor, which should be real sharp, is

held in the right hand and is drawn across the object with the

edge toward the student and the blade sliding on the forefinger

of the left hand. The sections should be cut as thin as possible.

Small bits of representative parts of entire sections yield better

results when examined under the microscope than complete sec-

tions which have been cut too thick. As soon as a number of

sections have been cut, they can be transferred to a vessel of

water with a camePs hair brush, before they become dry. If

the sections are cut from fresh material and are to be stained,

they should be placed in 95 per cent, alcohol for at least several

minutes prior to staining. If from material preserved in forma-

lin solutions, they should be washed in water.
i

Surface sections of leaves may occasionally be prepared by
stripping oft the leaf epidermis. In most instances, however,

the leaf epidermis adheres firmly to the subjacent tissue and it

becomes necessary to employ different technique. A good
practice is to bend the leaf over the index finger of the left hand

firmly

thumb on the other. Another
method is the following: PI

*

leaf not over ^ inch square

warm
minutes

chloral

cover slip and exert pressure on the cover slip with a rotary

mismovement, describing the figu

usually separate from the underlying tissues. It sometimes
becomes necessary to study large areas of the epidermis of
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leathery leaves. Such leaves should be prepared by boiling in

10 to 20 per cent, aqueous solution of either sodium or potassium

hydroxide until the epidermis puckers up in the form of blisters

when the epidermis can be lifted off by means of fine forceps or

dissecting needles and floated on the slide.

Sectioning in Paraffine or Celloidin.

When it is necessary to study the micro-

scopic structure of very delicate plant parts,

superior results can generally be obtained by

imbedding the material in paraffine or

celloidin (see pp. 692 and 699), which is

subsequently hardened, and sectioned by

means of a sliding or rotary microtome.

A

Kinds of Sections

made

through

plane lies at right angles to the long axis.

2. A radial-longitudinal section is one

which is made parallel to the long axis of the

object in such a way that it lies in the plane

of the radius.

3. A tangential-longitudinal section is one

made oarallel to a plane tangent to the
C

cylinder. This type of section is therefore FlG# 504.—showing

prepared by cutting parallel to the outer the planes in which sec-

long surface.

4. A surface section is one made by

tions are cut, A, trans-

versely; B, longitudinal

radially; C, longitudi-

cutting or stripping off the outer protective nal tangentially. (Aft

covering of the plant organ.

er

Stevens.)

Microtomes

Microtomes are instruments employed to facilitate the cut-

ting of sections of organic tissues. The three most commonly

used types are the hand, sliding and rotary microtones.

Hand Microtone This type is shown in Fig. 505. If the

object is sufficiently hard to bear the strain, it is placed directly

clamp of the upper end of the tube that is tightened by them a
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clamped in

time through

may
The object to be sec-

plate at the top by turning the finely graduated feed near the

base of the tube. The section razor is then laid flat on the glass

plate and pulled across the object with a long sliding motion.

The upper surface of the razor blade is

kept wet with 50 per cent, alcohol and
after several sections have been cut they

can be swept by the finger or camel's

hair pencil to a dish of water. Each
division of the feed represents 1 microns,

so that the thickness of sections desired

can be regulated by moving the feed,

accordingly, just before each stroke of

the razor.

microtome

Microtome.—This type of

cutting all kinds of sections. It consists

frame

Description in text

and upright portions. The horizontal
base rests on the table and is hollowed
out to accommodate a drip pan that
can readily be removed and cleaned.

The front of the upright portion
exhibits a frame which accommodates a sliding feed mechanism
to which is attached the object carrier. The top of the upright
portion shows a flat bed which carries a solid iron block
which can be readily slid along the bed when the latter is lubri-~*_1 ..A+U paraffin QiL The upper surface of the Wockcated

accommodate the thumb
is

microtomew _ ^ ^iv,yv. jliic microtome
knife consists of a blade portion that is flat on its lower and
hollow ground on its upper face. The latter is placed in the
clamp on the top of the microtome, and its position adjusted.
Sections of woody material can be cut directly on this microtome
and placed in dilute alcohol. When paraffine sections are cut

motion
are deseed the knife must be set at an
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oblique angle to the frame and drawn across the block with a

long sliding motion. The knife and the top of the celloidin

block must be constantly kept wet with 80 per cent, alcohol.

Fig. 506.—Spencer sliding microtome

-

_i

Fig. 507. mici The feed mechanism is covered to protect the

wearing parts from dust. (Courtesy Spencer Lens Co.)

carrier and clam

By means of the graduated disk at the base of the feed mech

nism the thickness, in terms of microns, is regulated after eat

stroke of the razor.
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Rotary Microtome.—When paraffin ribbons are

especially for the study of serial sections of material, tl

microtome surpasses by far the efficiency of the sliding

instrument. The Spencer Rotary Microtome No. 820

in Fig. 507.

Reagents and Stains and Methods of Preparation

of Materials

The following reagents will be found of value in the micro-

scopical examination of plants, powdered vegetable drugs and

foods: (additional reagents and formulas for their preparation
-

are presented elsewhere in the text in connection with methods

of examination).

Acetic Acid.—This reagent should contain not less than

36 per cent, nor more than 37 per cent, of pure acetic acid. It is

used for various operations such as distinguishing between cal-

cium carbonate which dissolves in it with effervescence and

oxalate which is insoluble in it. A 2 to 3 per cent.mm
employed as a mounting medium

microscopic

Acid Alcohol.—Mix }{ cc. hydrochloric acid with 100 cc.

of 70 per cent, alcohol. This is employed in removing the excess

of stain from overstained material. When used, it should be

thoroughly washed out with diluted alcohol or water.

Alcohol.—Useful in the form of various percentage solu-

tions for dehydrating, preserving, hardening and solvent pur-

poses alcohol)

must
be kept in well stoppered bottles because of its property ofrapidly

absorbing moisture from the air and so becoming reduced
in strength. It should always be used before cedar oil or xylol

making a balsam mount

xylol, 95 per cent, alcohol may
em

Alcanna Tincture.—Macerate 20 Gm

and cool.

minutes

volume
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using. This reagent imparts a red color to fixed oils but may
stain other contents as well.

Ammonia Water.—An 2 ot gaseous ammonia
Gm. and not more

Gm. of NH*. Useful

table powders, such as ground roasted coffee, when mixed with

equal parts of peroxide of hydrogen. Material should be

macerated in this mixture within a tightly corked vial over

night or longer and washed with water before examination.

Ammonia Water, Stronger.—This is an aqueous solution

of NH 3 containing not less than 27 per cent, nor more than

29 per cent, by weight of ammonia gas. It is employed in the

preparation of ammonia water and cuoxam.

Aniline Chloride.—A saturated aqueous solution acidified

with hydrochloric acid is useful in staining lignified walls which

are colored a golden yellow.

Aniline Sulfate.—A saturated aqueous solution is em-

ployed as a test for lignified walls. Sections are mounted in

this reagent and a drop of sulfuric acid added. A yellow color

is imparted to lignified walls.

Aniline Blue.—A saturated aqueous solution is useful in

staining sieve tubes. Sections should be placed in this solution

for 24 hours and then washed to remove excess of stain. A one

per cent, solution in 90 per cent, alcohol is used in double-stain-

ing with safranin. It stains cellulose walls blue.

Bismark Brown (Aniline Brown).—A saturated aqueous

solution is useful in double staining with gentian violet. A dilute

aqueous solution made by dissolving 0.2 Gm. of Bismark Brown

in 1 00 cc. of distilled water is of value in staining transparent

tissues.

Hydrate.—A solution prepared by dissolving 25

Gm

or

tarch, resin, protein,

^ominn of shrunke

It dis-

more

Chloral Iodine.—Saturate the previously prepared chloral

resublimed

iodine to it and shaking. Useful for the detection of minu
grains



682 PHARMACEUTICAL BOTANY

Chlorzinciodine Solution.—Dissolve 25 Gm. of anhydrous

zinc chloride and 8 Gm. of potassium iodide in 8.5 Gm. of water

and add iodine crystals to saturation. Keep in dark colored

containers. Useful in distinguishing between cellulose and

lignified walls. Cellulose walls are colored blue or violet and

lignified walls yellow when mounted in this solution. It causes

starch grains to swell and colors them blue.

Chromic Acid Solution.—Dissolve 5 Gm. of chromic acid

in 45 cc. of diluted sulfuric acid (U.S. P.). A valuable reagent

for separating the component cells in sections of plant organs.

The sections are placed in this solutiori in a watch-glass and

removed one by one, as required, in the course of 10 to 15

minutes to a slide, washed with a few drops of water and sub-

jected to pressure with a glass rod.

Corallin Soda Solution.—Dissolve 15 Gm. of carbonate of

soda in 35 Gm. of distilled water and add sufficient corallin to

produce a pale bright pink color. This reagent stains the

callus plates of sieve tubes pink. It should be freshly prepared

as needed.

Eosin.—An aqueous solution prepared by dissolving 1 Gm.
of eosin in sufficient water to make 100 cc. is useful in the staining

of cytoplasm, aleurone grains and other cell contents. If

permanent mounts 1 per cent, acetic

acid for a minute, wash with water, then to glycerin or through

glycerin to glycerin jelly.

A saturated alcoholic solution of eosin (using absolute alcohol

as solvent) is employed when eosin-stained material is to be

mounted in balsam. Acetic acid is omitted in this case and the

sections passed from alcoholic eosin to a clearing agent as cedar

oil or xylol, thence into balsam.

Ether.—Useful in defatting sections or powders of oil seeds.

Fast Green.—A one per cent, solution in 95 per cent, alcohol

is useful in staining tissue with cellulose walls green.

Fehling's Solution. (Alkaline Cupric Tartrate T.S.).

Copper Solution.—Dissolve 34.66 Gm. of small, uneffloresced

crystals of cupric sulfate in sufficient distilled water to make
the mixture measure 500 cc. Keep in well stoppered bottles.
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Alkaline Tartrate Solution —Dissolve 173 Gm. of crystallized
sium and sodium tartrate and 50 Gm. of sodium hydroxide

sufficient distilled water to make the solution measure 500 cc

Mix exactly equal volumes

with
sugars

Ferric Chloride Solution. per
chloride in distilled water is used to detect the presence of
tannin. It yields a dark green to bluish-black precipitate with
tannin.

Fuchsin (Basic) .—Dissolve 1 Gm. of fuchsin in 1 00 cc of
95 per cent.

mpart
ume of water. This

It has been found especially useful in staining sections which are
to be photomicrographed.

Fuchsin, Acid.—A 0.2 per cent, aqueous solution is useful
in staining plastids and the phytoglobulins of aleurone grains.
A 1 per cent, solution in 50 per cent, or 70 per cent, alcohol
is occasionally employed in conjunction with methyl green or
fast green in the double staining of tissues of plants.

Gentian Violet (Methyl Violet).—An aqueous solution,

made by dissolving sufficient of the dye in 1 per cent, acetic acid
solution to impart a deep violet color, is useful in fixing and
staining pollen grains, spores and other fresh plant material.

A 1 per cent, solution in distilled water is used in conjunction
with Safranin and Orange G. solutions in staining

for the study of nuclear divisions.

Glycerin, Dilute.—Equal parts of pure glycerin and dis-

tilled water. Used as a mounting medium.

Glycerine Gum.—Dissolve 20 Gm. of gum arabic and 20
Gm. of glycerine in 15 cc. of water. Useful for fixing small

fruits or seeds on pith before sectioning.

Hematoxylin, Delafield's.—Used for double-staining, see

p. 701.

Hematoxylin, Heidenhain's.—This consists of two solutions,

a mordant and a stain. The mordant (Solution I) is prepared

ma
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by dissolving 3 Gm. of Ferric Ammonium Sulfate in sufficient

distilled water to make 100 cc. The stain (Solution II) is pre-

pared by dissolving 0.5 Gm. of hematoxylin in 100 cc. of distilled

water. The mordant and the stain are used separately on the

sections or tissues to be treated.

Hydrochloric Acid.—The concentrated G.P. acid is used

with an equal volume of Phloroglucin Solution in determining

lignification. Dilute solutions are employed for neutralizing

alkaline solutions, etc.

Iodine Water.—Add as much iodine to distilled water as it

will dissolve. Stains starch pale blue to purplish-blue.

Iodine and Potassium Iodide Solution.—Dissolve 1 Gm. of

Gm. of potassium Keep

in glass stoppered bottles. This reagent stains cellulose, ligni-

fied and corky walls and proteins yellow and starch blue to

bluish-black.

Labarraque's Solution.—Triturate 50 Gm. of fresh chlor-

inated lime with 250 cc. of water so as to form a uniform mix-

ture. Dissolve 35 Gm. of monohydrated sodium carbonate in

250 cc. of hot water, and add this solution to the chlorinated lime

mixture in a suitable vessel. Stir or shake thoroughly. (Warm
if solution gelatinizes.) Transfer the mixture to a wetted muslin

strainer, returning the first portion until the liquid passes through

clear, and when no more liquid drains from it, wash the precipi-

tate with sufficient water to make the product weigh 500 Gm.
Keep in amber colored, glass stoppered bottles in cool place.

It gradually loses in strength on standing. This reagent is

used for bleaching highly colored sections and powders. The

materials bleached should always be washed with water before

mounting.

Light Green.—This is used as a combination stain with

safranin. Dissolve 1 Gm. of light green in 100 cc. of clove oil;

25 cc. of absolute alcohol and 75 cc. of clove oil may be used in

place of pure clove oil, if the light green is found to precipitate

em
GmNaphthol Solution.—Dissolve 5

50 cc. of alcohol. Used in conjunction with concentrated sul-

furic acid for the detection of inulin. A violet coloration is
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produced if sections containing inulin are first treated with a

drop or two of this reagent and then, after a minute, a drop or

two of sulfuric acid be added.

Petroleum Ether.—Useful in clearing sections or powdered

material of oil.

Phloroglucin Solution.—Dissolve 1 Gm. of phloroglucin

in 50 cc. of 95 per cent, alcohol. This solution gradually darkens

and loses strength with age. It is unfit for use after

four months. The lignified walls of elements first treated with

several drops of this solution and subsequently with a drop or

two of concentrated hydrochloric acid are colored red.

Potash Solution.—Several percentage solutions are em-

ployed in histological technique for varying purposes.

three

most

comm
used for clearing sections of starch, protein and tannin. Ten to

20 per cent, aqueous solutions are used for the purpose of sepa-

mis material

boiled in the strong potash solution until the epidermis puc

up in the form of blisters, when it should be removed to a \

and the epidermis lifted off by means of a fine forceps or diss

ing-needles. A 2 per cent, solution is usedfor the isolation oflaticift

vesselsfrom plant org

these elements are

stems

matous

sufficiently soft. The potash solution is then poured off and

ma
removed

sectins needles. The softer parts are then stained with iodine

and potassium iodide solution; a cover slip is adjusted, the slide

placed on stage, and the laticiferous tissues are identified by the

presence of branching and anastomosing tubes stained yellow to

yellowish-brown with granular contents. A 1.5 per cent, solu-

tion is used for the digestion of ground cereals or wheat middlings

for the purpose of clarification preparatory to microscopical

examination of these materials.

Potassium Ferrocyanide.—A 10 per cent, solution is

employed in studying the localization of alkaloids in plant

materials. Sections of fresh material are fixed, in order to pre-
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postmortem filtration of the alkaloids, by placing them

minutes

out with water. The K4Fe(CN) 6 solution precipitates the

alkaloids in the cells which can then be colored by adding a

drop or two of FeCl 3 solution. Clearing of the sections may
chloral

Ruthenium
excellent reagent for the detection of mucilage, to which it

imparts a pink color. Add sufficient ruthenium red to a 10 per

cent, solution of lead acetate until it shows a wine-red color.

The lead acetate solution should be prepared with distilled

water and the ruthenium red added to quantities of it as needed,

as the reagent is unstable. In pharmacognosy, it is especially

useful in detecting powdered cacao shells in powdered cocoa and

chocolate, since the cacao shells are the only portions of the

cacao seed which contain mucilage.

Safranin.—Several kinds of safranin solutions are in use,

viz., Alcoholic Safranin, Anilin Safranin and Aqueous Safranin.

Alcoholic Safranin is prepared by making a saturated solution of

safranin (alcohol soluble) in 95 per cent, alcohol and then adding

an equal volume of water. Anilin Safranin is made by mixing

equal parts of saturated alcoholic solution of safranin with aniline

water. Aqueous Safranin represents a 1 per cent, solution of

safranin (water-soluble) in water. Safranin solutions per se

stain both protoplasmic contents and cell walls red. When
properly used in contrast staining they stain all suberized walls

and lignified walls red.

Schweitzer's Reagent (Ammoniated Cupric Oxide Test

Solution).—This is a valuable reagent for dissolving cellulose.

It is prepared by dissolving 10 Gm. of copper sulfate in 100 cc.

of distilled water, adding sufficient 20 per cent, solution of sodium

hydroxide to precipitate the copper hydroxide which is collected

on a filter and washing the precipitated copper hydroxide free

from

must

The precipitate, which

minimum auantitv of ammonia water necessary tor com
solution.
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Sulfuric Acid.—Concentrated sulfuric acid, containing

from 93 to 95 per cent, of H2SO4 is useful in the detection of

suberized or corky walls. These resist its action, while lignified

and cellulose walls are completely dissolved by it. This acid as

well as dilutions of it with water are also employed per se or with

various chemicals in a number of microchemic tests.

Additional reagents and stains are discussed under appropri-

ate headings in this and other chapters of the text.

The Technique of Making a Temporary Mount

1

.

Place a drop or two of water (or reagent) in the center of a

clean glass slide.

2. With the aid of a forceps take the section or very small

material to be exam

of water.

3. Place a clean cover-glass over the material. In placing

the cover-glass, do not drop it flat upon the drop of water, but

place one side of it down first and allow it to squeeze the water

along under it.

4. Keep the top of the cover-glass dry.

When filamentous algae or molds are to be examined, the

material tends to cling together and must be carefully separated,

in the drop of water, with dissection needles before the cover-

glass is placed over the material. In case a coarse ground drug is

to be mounted, the coarser particles should be first crushed in

the water on the slide and subsequently teased apart with dissec-

tion needles.

Care should always be taken to see that the water or mounting

medium used is not contaminated with foreign substances. This

can best be practiced by examining the mounting medium under

the microscope before the material to be examined is placed in it.

The Technique of Making Permanent Mounts

1 The Mounting Medium.—When a microscopic object is

to be preserved permanently it must be kept from decaying

must be kept from

met
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icetic acid, or formaldehyde) to the water used in mo
arefully sealing the cover glass with asphaltum or :

^.s a rule, a better way is to use a mounting medium tl

sam
These fluids have a high refractive index and so render the

objects penetrated by them more transparent. This quality is

generally an advantage, but for objects already almost trans-

parent it is quite the reverse. Glycerine has the disadvantage of

always remaining soft, so that the mount may at any time be
spoiled by careless handling. Glycerin-gelatin has the advan-

mixing

It should be warmed
mounted in this medium,
ith before using and the

aced on the specimen. It

:est and simplest means of

permanent mount. Its disadvantage is due
ma

amaered mounts

is too greatly strained. Canada balsam slowly become
mount

Balsam has the disadvantage of beiner non-miscible

must
Even after this is done, and the object lying in absolute alcohol, a

must
intermediate agent between alcohol and balsam.

2. Staining.—For two reasons it is generally better to stain

plant tissues before mounting. Transparent tissues may become
almost invisible in glycerine, glycerin-gelatin, or balsam, and
different tissues take a stain differently. This being the case it

becomes oossible to stain one ticsiip ^nH nr\t dnntK^r #w ™-i** b'oc^

same

haematoxylin derived from

it the different parts may b

map. The most common

green, iodine green, methyl-green, malachite
,

number of useful methods of staining and m

methyl

materials me
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reader is referred to "Stain Technology/ 5 published by the

Commission on Standardization of Biological Stains, Geneva,

N. Y.

•

Methods for the Preparation of Canada Balsam Mounts
No. 1. Safranin and Fast Green

1. Safranin. By means of an eye-dropper put 10 to 15 drops

of a strong alcoholic solution of safranin into a watch glass of

distilled water. Allow the sections to lie in this mixture until

deep red.

2. Transfer the sections to another watch glass containing tap

water and rinse off excess of stain.

3. Dehydrate and differentiate in 50 per cent, alcohol.

4. Dehydrate in 95 per cent, and absolute alcohol (1 minute

in each).

5. Fast Green. Place 5 drops of a solution of fast green (fast

green, 1 Gra., absolute alcohol 25 cc, clove oil, 75 cc.) in a watch

glass of absolute alcohol. Allow the sections to remain in this

solution until the green color stains the softer tissues properly.

6. Clear sections in xylol.

Mount in Canada balsam

combination

me
\

macerated roots, stems

microtome

No. 2. Safranin and Light Green

1 Stain object with either alcoholic safranin or anilin safranin

(1 per cent, solution in 50 per cent, alcohol) for 1 to 24 hours or by

gently warming object in the safranin solution until vapors arise.

2. Wash out excess of stain with 50 per cent, alcohol.

3 Dehydrate with 95 per cent, alcohol for two minutes.

4 Further dehydrate by placing material in absolute alcohol

for 20 to 30 seconds.

5 Stain with a saturated solution of light green in clove oil for

from 3 to 30 minutes.

( Clear in xylol for 1 minute. Blot up excess from around

edge of section.
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7
'. Mount in Canada balsam.

8- Label slide.

The safranin will impart a red color to the suberized and lig-

nified walls, while the light green will stain cellulose walls green.

Should the light green precipitate upon clearing in the xylol,

add 3 cc. of absolute alcohol to each 100 cc. of xylol.

Should air-bubbles be detected in the balsam shortly after

mounting, heat a dissection needle in a flame and touch each

with its tip, when they will be found to disappear.

If too much Canada balsam has been used, some of it usually

spreads beyond the edge of the cover-glass, or on its surface. In

this event wait until the balsam hardens, when it can be scratched

off with a knife, and the surface of the glass cleaned with a rag

moistened with turpentine oil or xylol.

Should the Canada balsam become too thick, it can be

thinned down with either xylol or benzol.

No. 3. Safranin and Anilin Blue

safranin

from

g them
Wash \ Be

careful not to remove too much of the safranin. Washing

stop as soon as the stain is reduced to a pink in cellulose walls.

3. Stain with Anilin Blue (1 per cent. sol. in 90 per cent.

from 3 to 10 minutes

Wash
Rinse

seconds.

6. Wash for 1 to 2 minutes in 95 per cent, alcohol containing a

trace of an alkali to remove the acid.

minutes

8. Clear in cedar oil for one minute. Blot up excess of cedar

oil from around section. Clove oil or xylol may be substituted

for the cedar oil.

9. Mount in balsam.

10. Label slide.

If the sections are properly stained, the lignified and suberized

walls will be stained red and the cellulose walls a brilliant blue.
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No. 4. Safranin and Methyl Green

1. Stain sections with either alcoholic safranin or anilin
anin for from 1 to 24 hours or by warming them in the safra-

arise

2. Remove excess of stain by moving

are

3. Stain with 0.5 to 1 per cent, solution of methyl green for

from 30 seconds to 5 or 10 minutes. Good results with this stain

requires experience with the materials to be stained. The
average hand cut section requires 10 minutes.

4. Remove excess of stain and dehydrate in 70 per cent,

alcohol for several seconds.

5. Dehydrate with 95 per cent, alcohol for 10 seconds.

6. Further dehydrate by placing material in absolute alcohol

for one minute.

7. Clear in cedar oil for one minute. Blot up excess of oil

from around edge of section.

8. Mount in Canada balsam.

9. Label slide.

If the sections are properly stained, the lignified and suberized

walls will be stained red and the cellulose walls green.

Method for the Preparation of a Glycerin-gelatin Mount

1. Stain object with an aqueous solution of eosin.

2. minute

3. Wash out acid and excess of stain by moving

about

4. Transfer object to weak glycerin (glycerin 1 parts, water

minutes

minu

6. Transfer object to concentrated glycerin for 5 minutes.

7. Remove excess of glycerin around object and mount in

glycerin-gelatin. The slide and cover slip should be warmed

before the glycerin-gelatin is dropped over the object and the

cover slip quickly lowered. The preparation of Glycerin-

Macerate 14 grams

warm

warm and stir for 1 5 minutes until clear. Filter
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while hot through glass-wool or filter paper and collect the

filtrate in a wide mouthed bottle. Keep well stoppered so as to

exclude dust.

becomes warm
removing the stopper. A glass

fficiently long to reach to the bottom

material

slide.

Ring mount with zinc white, balsam or asphaltum
edge of cover slip. If the cover slip is circular, this can best be

means g turn-table. A camel

balsam or asphaltum a

margin of the cover slip while the slide, fastened with clips to the

turn table, is rotated with it.

9. Label slide.

If the objects or sections are such as not to be liable to shrink they can

be transferredfrom water or weak glycerin directly to glycerin-gelatin.

Technique of Fixing, Dehydrating, Hardening and
Imbedding in Paraffin

When
form or the processes of cell division, the fresh material must be
put through the various stages of fixation, hardening and imbed-
ding before it is sectioned. The steps will now be considered in

must
Fixation. gul

protoplast. The essence of good fixation is in rapid killing. It

should be simultaneous with coagulation or hardening so that the

protoplast will not be modified by later treatment. Fixing
fluids are always substances unknown to protop asm, e.g

poisons asmic

are

is acid. Fixing fluids must be judged not only as to killing and
hardening but also as to reaction of tissues to stains afterward.

Fluids that are mixtures make the best fixing agents. Among the

fixing agents employed are the following: Osmic acid (Os04 )

comes in sealed glass tubes containing 0.5 gm. or 1 gm. It has a
very powerful odor and is easily affected by organic materials.
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It is used in 1 to 2 per cent, solutions and should be made up in

distilled water. It fixes cytoplasm well but the nucleus not as

good. Its disadvantage lies in its inability to penetrate rapidly.

Chromic acid (Cr0 3) in 0.5 to 1 per cent, aqueous solution is

very favorable for nuclear structure but like osmic acid penetrates

rather slowly.

Picric acid C6H2(OH)(N0 2)3 is one of the most penetrating

fixing fluids but has very little hardening power. It is employed

in saturated aqueous solution.

Corrosive sublimate (HgCl 2) in 0.2 per cent, aqueous or alcoholic

solution penetrates and hardens rapidly but does not give as sharp

optical differentiation as the others considered.

Absolute alcohol can be employed for very small objects that

are dry. If the objects are moist, shrinkage will follow.

Carnoy fluid, consisting of 6 parts absolute alcohol, 3 parts

formaldehyde and 1 part of glacial acetic acid, can also be used

for fixing small objects. It has the advantage of fixing these in

about 10 minutes. Moreover, the objects can be carried directly

to absolute alcohol, thence to hot melted paraffin and imbedded.

Chrome-acetic-formalin fluid (Craf Fluid) . This comparatively

new fluid has been found to give very favorable results in fixing

materials for chromosome studies. The chromosomes are better

defined after staining with Heidenhain's hematoxylin and give a

good contrast with the cytoplasm. It is prepared by mixing

equal volumes of the following solutions designated as Solution A
and Solution B just before using. Solution A contains chromic

acid, 1 Gm., glacial acetic acid, 7 cc. and distilled water 92 cc.

Solution B contains neutral formalin (40 per cent, formaldehyde

solution) 30 cc. and distilled water 70 cc. The material to be

fixed should be placed in this fluid for from 12 to 24 hours after

which it can be directly transferred to 75 per cent, ethyl alcohol,

changing the solution every 15 mi. for 3 or 4 changes, thence to

85 per cent, alcohol (1 hr.) to 65 cc. of 80 per cent, ethyl alcohol

and 35 cc. n-butyl alcohol (1 hr.) to 45 cc. of 90 per cent, ethyl

alcohol and 55 cc. of n-butyl alcohol (1 hr.) to 25 cc. absolute

ethyl alcohol and 75 cc. n-butyl alcohol (1 hr.) to n-butyl alcohol

for 2 or 3 hours with hourly changes. The material in butyl

alcohol can be infiltrated with paraffin by adding melted
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paraffin m

oven at 56

paraffin mixture

embed.

54° to 55°C.) directly to the beaker or other

placing the beaker in a paraffin

hours Then replace the butyl-alcohol-

melted paraffin 3 hours and

m 2 to 6 per cent, of formal

materials

in 50 to 70 per cent, alcohol, is a good fixing and preserving agent

not of very delicate texture. It should

ar or filamentous algae and fungi. For

[ueous solutions of formalin have given

can be left in the formalin solutionsgood results. Material can be left in the

until required for use, provided care be exercised in storing it in

air-tight containers.

most materials the Flemmingflw

and are the most generally em They are of two
z.; 1. Those that simply involve chromic acid and acetic

chrome-acetic fluids) and 2. Those that involve chromic

Fluids).

osmic acid (the Chrome-Osmium
formu 1

Strong

Medium

Weak

Strong

Weak

Chrome-acetic Fluids

1 per cent. Chromic acid solution 100 cc.

Glacial acetic acid 1 cc.

1 per cent. Chromic acid solution 70 cc.

1 per cent. Glacial acetic acid 1 cc.

Distilled water 29 cc.

1 per cent. Chromic acid solution 25 cc.

1 per cent. Glacial acetic acid 10 cc.

Distilled water 65 cc.

Chrome-osmium-acetic Fluids

1 per cent. Chromic acid solution 75 cc.

2 per cent. Osmic acid solution 20 cc.

Glacial acetic acid 5 cc.

1 per cent. Chromic acid solution 25 cc.

1 per cent. Osmic acid solution 10 cc.

1 per cent. Acetic acid solution 10 cc.

Distilled water 55 cc.
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acid in all of the Flemming

chromic and osmic
chromic

com
e material to be fixed should be cut into small

than 5 mm. nor broader than 2 or 3 mm. The amount
times

material material

is used, while for the slightly woody the medium strength fluid

and for the more woody, the strong fluid is indicated. The
material should be placed in the fixing fluid immediately after it

is gathered. One or two drachm homepathic phials are con-

venient for the process. The material is kept in the fixing fluid

for from 12 to 24 hours and then washed in small cheese cloth

bags which are placed in running tap water for from 6 to 12

hours or over night.

Dehydrating and Hardening of Softer Plant Materials.

After washing, the material, still kept in the bags, is placed in 10

per cent, alcohol for 1 hour and is then carried through a series of

alcohols. Each of the series 10 per cent, stronger than the one

before it, remaining in each grade for \}4 to 2 hours until 70

per cent, alcohol is reached. Take out of bag and place in phial

in 70 per cent, alcohol. If the material is not to be imbedded in

paraffine immediately, it can remain in 70 pe

(if It is not safe to

maten

ght. From
remaining

hours with 2 or 3 changes of the last.

Clearing and Imbedding of Softer Plant Materials.—In

order to get the material from absolute alcohol into paraffine,

some medium must be used which mixes with absolute alcohol

and which also dissolves paraffine. Either oils such as cedar,

clove or bergamot or substances like xylol, chloroform or benzol

quirement clear with xylol—Dransfer material

from absolute alcohol to a mixture o

v^ri^i f,™. 10 knurc then to mixture

alcohol and xylol for 12 hours, then to % xylol and M absolute
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•

alcohol for 12 hours to pure xylol for 12 hours. To phial con-

taining material in pure xylol add paraffine in small pieces and

put on top of paraffine bath sufficiently long until paraffine is

melted. Then add more paraffine and put phial in paraffine

bath at 56°C. over night. Pour fluid off and add pure melted

paraffine and repeat 2 or 3 times until rid of all trace of xylol. A
tray is then prepared by taking a piece of paper and folding up

its edges all around to the height of about a half inch. Half fill

this on a cool surface with melted paraffine. Heat two dissection

needles in bunsen flame and with these dispose pieces of material

in orderly fashion over the crust which has by this time formed at

the bottom of the tray. Blow upon the surface of the paraffine to

harden it more quickly and as soon as the surface crust will bear

it, plunge the tray into cold water. The material can now be

left imbedded in paraffine until required for sectioning.

Ifcutting is to be done in a cool room, softer grades of paraffine

with melting points between 40° and 50°C. should be used for

imbedding. If, on the other hand, cutting is to be done at sum-

rner temperatures, the harder grades melting at between 55° and

70°C. should be employed.

Use of N-butyl Alcohol in Imbedding Woody Plant Organs

This method, originally devised by Dr. Conway Zirkle, is

designed to eliminate the hardening and shrinking of tissues

common
procedure of paraffin embedding. While the common method,

heretofore described, is suitable for the softer plant materials, it is

unsuited for plant materials containing abundant lignified

elements. The higher concentrations of ethyl alcohol and the

xylol so harden the woody elements that they are almost impos-

sible to cut, but break and chip the microtome knife.

Woody plant organs or tissues may be dehydrated and cleared

with a mixture of ethyl and N-butyl alcohols, eliminating the

use of the higher ethyl alcohols and xylol. N-butyl alcohol dis-

solves sparingly in water but in all proportions in paraffine. A
mixture

completely miscible with water. By substituting butyl alcohol

affine
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are simplified while hardening and shrinking in many materials

are avoided.

Dehydration.—For small cubes of woody material, keep one
hour in each of the following solutions (over night in No. 6)

:

123456789 10 11

Water 90 85 75 65 45 25 15 5

95% E. Ale 5 10 20 30 35 50 45 40 25

Abs. butyl 10 20 35 55 75 100 100

For Root Tips:

Water 90 85 75 65 45 25 15 15 5

95% E. Ale 5 10 20 30 50 70 80 50 40

Abs. E. Ale 25

Abs. Butyl 35 50 75 100

Material should remain in pure butyl alcohol until all water is

removed. This usually requires several hours.

Infiltration.—Pour paraffin into vial (one-half or two-thirds

full) and allow to cool. Place material in butyl alcohol on top

of paraffin and put vial into oven. After material has stood in

the melted mixture for an hour or so, pour off mixture and add

pure melted paraffin. Repeat after another hour. Two or more

such changes are necessary, depending on the size and nature of

the pieces of material. All the butyl alcohol should be removed

before imbedding, although traces of it do not interfere with

sectioning as do similar amounts of xylol.

Technique of Sectioning and Mounting Material
Imbedded in Paraffine

Strip off the paper tray from the imbedded material and cut

out a block of paraffine containing the object which is to be

sectioned, taking care to include at least 2 or 3 mm. of paraffine

on all sides beyond the specimen. Take a segment of pine wood

about an inch long and with a surface at one end about % in.

square, and coat the square area with melted paraffine. Warm
the paraffine on the piece of pine wood and quickly press the

paraffine block containing the specimen into this melted paraffine

in the desired position for cutting. Heat a dissecting needle and

apply this all around the base so that the paraffine block is

firmly sealed to the wood. Dip paraffine block in cold water to
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harden. Now trim the paraffine

form Adjust the
wood in the clamp of the microtome and the microtome
so that the top of the paraffine block just touches the near surface
of the microtome knife. Make certain that the knife edge and
the two opposite faces of the paraffine block are perfectly parallel.

Now trim the remaining two sides of the block close to the object.
Adjust the automatic feed of the rotary microtome by moving
dial to number on scale representing thickness in microns desired
of sections and turn wheel ofmicrotome. It will be observed that
the carrier moves up and down and with each downward move-
ment slightly forward, causing the knife to cut sections which
adhere in ribbons.

Transfer the ribbons by means of a camel's hair pencil or
dissecting needle to a piece ofdust free paper with the side down-
ward which was next to the knife. The ribbons are now ready
to be mounted on slides.

The slides to be used should only be those which are devoid of
grease or dirt of any kind particularly on the surface upon which
the ribbons are to be mounted. A very good plan is to keep a
number of slides intended for this purpose submerged in a
saturated solution of potassium dichromate in concentrated
sulfuric acid. These can be taken out as needed and thoroughly
rinsed with water.

With a clean cloth stretched over the forefinger vigorously rub
one surface ofeach slide until perfectly dry and free of lint. Then
place a small drop of Mayer's albumin fixative on clean surface
and rub over the surface. ^The formula for Mayer's Albumin
Fixative is as follows: Egg white and Glycerin, equal parts,

Gm
filter.) Now

Mix thoroughly

segments of the desired length and arrange

g careful to have the segments somewhat

warmed. Warm
paraffine

flame or flame of an alcohol lamp
smooth from

blotting paper held to their edges and at same time
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push the sections into even rows,

dry for several hours or over night.

Then leave the sections to

Method for the Staining and Mounting of Materi

1.

Paraffine Ribbons Affixed to Slide

y heat the dry slides with paraffine ribbc

e, high above the Bunsen flame (with the

up).

2. f xylol or turpent

melted paraffine i

minute

3. Take the slide out of the well, wipe off the under side and

from

allow a stream of 95 per cent, alcohol to run over tl

from a pipette.

4. Place the slide upright in a well of safranin for

twenty-four hours.

5. Take the slide out of the safranin well and extract excess of

stain with 50 per cent, alcohol. If impossible to extract excess of

safranin by this procedure, use acid alcohol and remove acid by
washing with 50 per cent, alcohol.

6. Place the slide in a well of gentian violet or fast-green for a

second or more. The time varies for different objects and can
only be determined by trial.

7. Rinse slide with 70 per cent, alcohol from pipette.

8. Pour absolute alcohol over sections, follow with a few
drops of clove oil, replace clove oil with cedar oil.

9. Mount in balsam.

10. Label slide.

Imbedding in Celloidin

Whenever materi

imbedded in paraffine

celloidin may be resor

mbeddinsr medium
technique employed is similar to that of the paraffine

method so far as the preliminary

ing are concerned up to and including the 95 per cent, alcohol
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stage. From this point the various succeeding steps in the

procedure are as follows:

1. Place material in equal parts of 95 per cent, alcohol and

ether (known as ether-alcohol) for several hours.

2. Transfer to a 2 per cent, solution of celloidin in ether-

alcohol, for 2—5 days.

3. Transfer to a 6 per cent, solution of celloidin in ether-

alcohol, for 2-5 days.

4. Transfer to a 12 per cent, solution of celloidin in ether-

alcohol, for 3—10 days.

5. Prepare a pine block sufficiently large in cross section to

support the material and otherwise adapted to its being clamped

in the object carrier of the microtome. Soak one end of this

block in ether-alcohol for a while and then dip it in the 2 per cent,

celloidin solution.

6. Take the material from the thick celloidin and set it in

proper position, for cutting the sections desired, on the prepared

end of the block and allow the celloidin to thicken for a few

seconds only.

7. Dip the celloidin end into the thick solution; remove and

hold upright so that the new coating may spread out over the

end of the block and solidify the union.

8. As soon as the celloidin has hardened a little to form a sur-

face film, drop the preparation into a vessel of chloroform and

allow to remain here 1 day.

9. Transfer preparation to a vessel containing equal parts of

glycerin and 95 per cent, alcohol until required for sectioning.

Sectioning Celloidin Material

Clamp the block in the sliding microtome and set the knife

obliquely so that the sections can be cut with a long sliding stroke.

Keep the knife and top of the block wet with the alcohol-glycerin

mixture and as soon as the sections are cut, sweep them with a

carnePs hair pencil into a dish of 70 per cent, alcohol. The sec-

tions can be attached to a slide by placing the slide in a closed

chamber over ether. The ether vapor dissolves the celloidin and
causes the sections to adhere to the slide.
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Staining and Mounting Celloidin Sections

1

.

Place sections in safranin solution for 1 day. This safranin

solution should be made by dissolving as much safranin in 95 per

cent, alcohol as it will take up and then diluting with an equal

quantity of water.

2. Rinse sections in 50 per cent, alcohol to remove excess of

stain.
i

3. Transfer them to Delafield's hematoxylin for 10 minutes

(Delafield's hematoxylin is made by dissolving 1 gm. of hema-
toxylin in 6 cc. of absolute alcohol and adding this gradually to

100 cc. of a saturated aqueous solution of ammonia alum. This

is left exposed for a week, filtered, 25 cc. each of methyl alcohol

and glycerin added, allowed to stand 6 hours, again filtered, and

ripened about 2 months before using).

4. Rinse sections thoroughly first in water, then in 35 per

cent, alcohol, then in 50 per cent, alcohol.

5. Put them quickly through acid alcohol (1 drop of HC1 in

50 cc. of 70 per cent, alcohol).

6. Transfer to 70 per cent, alcohol for about 2 minutes.

7. Transfer to 85 per cent, alcohol for about 2 minutes.

8. Transfer to 95 per cent, alcohol for about 2 minutes.

9. Transfer to absolute alcohol for about 2 minutes.

10. Clear sections in a mixture of equal parts of cedar oil and

phenol for at least 2 minutes.

1 1

.

Remove excess of clearing solution and mount in balsam.

1 2. Label slide.
I

Desilicification of Hard Woody Materials

It frequently happens maceration

boiling in alkaline solutions, that thin sections of hard roots,

stems woods or fruits are difficult or impossible to procure.

This is due to the presence of deposits of silica and other mineral

substances that usually occur in woody tissues. Therefore, it is of

prime importance that these substances be removed as thoroughly

as possible. For this purpose a 10 per cent, aqueous solution of

commercial Hydrofluoric Acid (or stronger solutio

pure ac very hard materials) is most Small
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or short segments of other hard material are placed in this acid

(which should be kept in a bottle coated internally with a thick

layer of paraffine) for from 3 days to a week, depending on the

size of the objects, with one or two changes of the acid. The acid

is then washed out thoroughly with running water for 2 to 5

hours. This treatment completely frees the tissues of all mineral

deposits without affecting the organic structure.

Schulze's Maceration Process

method is em Rad
may

in a beaker or test tube containing 50 cc. of nitric acid of specific

volumes of nitric acid and 1 volume

serve m
crystals and heat gently until the reddish color which first

appears in the tissues has disappeared. Stop the action by pour-

ing the whole of the contents into a vessel containing water and

wash well with water. The cells can now be readily separated

with dissection needles and mounted in water for examination.

mount in elvcerine, for it makes

elements
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Glossary

Abor'tion.—The imperfect or non-development of an organ.

Acaules'cent.—Without an obvious aerial stem.

Achene' (akene).—A small, dry, one-celled, indehiscent fruit in which the seed

coat and pericarp (fruit wall) are not firmly attached.

AchlAmy'deous.—Destitute of calyx and corolla.

Acic'ular.—Applied to crystals of calcium oxalate, etc., that are needle-shaped.

Acids (Plant Acids).—A widely diverse group of cell constituents having the prop-

erty of uniting with radicals to form salts or esters.

Acrop'etAL.—Development from outside (below) toward the inside (above).

Actinomor'phic.—Applied to flowers like those of the Mustard, etc. which are

capable of division into equal halves in more than one direction. Cf.

zygomorphic.

Acu'minAte.—Tapering gradually to a long point.

Acute'.—Sharp-pointed, the point being less than a right angle.

Ad'nate.—Applied to the growing together of unlike parts.

Adventi'tious.—Applied to roots and buds that are out of their ordinary position.

Aestiva'tion.—Arrangement of the parts of the flower in the bud.

Albu'men—Nutritive material stored in the embryo, endosperm, or perisperm.

Albur'num.—Sapwood.

Aleu'rone. Applied to small protein bodies in which are usually embedded one

or more crystalloids, one or more globoids and at times a small rosette of cal-

cium oxalate.

Alkaloids.—Nitrogenous organic bases.

Allelo'morphs—Alternative forms of a gene which are located at the same point

on each one of a pair of chromosomes.

Alternate—Applied to leaves, buds, etc., that are arranged singly (one after

another) at the nodes.

Am'ent.—A scaly, spike-like inflorescence. Another name for catkin.

Amor'phous—Without definite shape.

Amphit'ropous (ovules and seeds).—Half-inverted and straight, with the hilum

about the middle, and micropyle terminal.

AMPLEx'icAUL.-Clasping the stem.

Analogy —Resemblance in function.

/ „ Annlied to veins that are connected with others by cross veins,
ANASTOMO SING. /\pH"*-

-

so forming a network, as with the marginal veins of Eucalyptus.

At'ropous _Inverted ovules or seeds with micropyle adjacent to hilum.

ADR^ciuM.-The male system of organs in a flower.

, Annlied to inflorescences composed of both staminate and
Androg'ynous.—Appiic"

pistillate flowers.

ANEMOPHi'LOUS.-Wind pollinated.

Angiosperm'ous

pericarp.

box
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An'nual.—Producing flowers, fruit and seed within a year from the time the seed

germinated and then dying completely.

An'nular.—Ring-like.

Ante'rior.—The front region.

An'ther.—That portion of a stamen which bears the pollen.

An'theridium.—Male sexual organ of Thallophytes, Bryophytes and Pteridophytes.

An'therozoid.—A male sexual cell formed within an antheridium.

An'thophore.—A lengthened internode of the receptacle between calyx and corolla.

Apet'alous.—Without petals, as in the oaks, etc.

Apocar'pous.—Carpels separate and distinct.

Apog'amy.—The direct development of a sporophyte from a gametophyte without

the functioning of sexual organs or cells.

Apopet'alous.—Petals separate and distinct.

Aposep'alous.—Sepals separate and distinct.

Apothe'cium.—A disk like or cup-shaped fruiting organ of a lichen and some

cup-fungi.

Archego'nium.—A multicellular female sexual organ found in the bryophytes,

pteridophytes and gymnosperms.

Ar'il.—An accessory seed covering outside of the testa and arising at or about

the hilum, as in Evonymus.

Ar'illode.—A fake accessory seed covering outside of the testa, as in Nutmeg,

and arising from the dilatation of the micropyle.

Aris'tate.—Having a stiff bristle-like termination.

Ascend'ing.—Growing obliquely upward.

As'cus.—A sac-like spore case of an Ascomycete fungus.

At'avism.—Reversion to ancestral type. The reappearance of a character after a

lapse of one or more generations.

Auric'ulate.—Ear-like.

Awn.—A bristle-like structure that branches alone: its axis

Ax'il.—Upper angle formed where the leaf joins the stem.

Ax'illary.—In the axil.

Bac'cate.-—Berry-like.

Bal'sam.—A mixture of resin with cinnamic or benzoic acid or both and a volatile

oil.

Barb.—A short bristle usually bent back.

Bark.—All that portion of an exogenous plant axis outside of the cambium line.

Bast.—Applied to the phloem region but mainly to the fibrous portion thereof.

Bead'ed.—Applied to a thickened, jointed cell wall showing in sectional view some-

what circular areas in the wall like a row of beads, due to a close proximity of

the pores in the wall.

BeArd'ed.—Furnished with long hairs.

Ber'ry.—A fleshy fruit whose mesocarp and endocarp are fleshy and frequently

succulent throughout, and with seeds imbedded therein, as tomato, capsi-

cum, belladonna, etc.

Bi.—A prefix of the Latin language indicating two, twice or doubly.

Bi'collAt'eral Bun'dle.—A collateral bundle with the xylem strand enclosed

between two phloem strands, cambium being present or absent on either outer

or inner face of the xylem or on both faces.
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thanBien'nial.—Applied to plants that live for more

two years.

Bila'biate.—Two lipped.

Blade.—Expanded part of a leaf.

Bloom.—The whitish and waxy secretion of epidermal cells, as in the stems of

Sugar Cane or the leaves of Cabbage.

Borke.—The dead bark tissues which arise when secondary phellogen forms cork in

deep regions of the bark.

Bract.—A modified leaf, frequently scale-like, appearing on inflorescence axes.

Brac'teole (bracteolar leaf).—A modified leaf found on pedicels.

Bud.—A rudimentary stem.

Bulb.—A very short scaly underground stem.

Bul'bils.—Small underground bulbs, as in garlic,

Bul'blets.—Small above ground bulbs, as in the tree onions.

Bun'dle.—See Vascular Bundle. Also applied to a more or less cylindrical group of

any parallel, elongated cells or other objects.

Bun'dle Sheath.—An endodermis or a border parenchyma enclosing a single

bundle.

Cadu'cous.—Falling with the opening of the flower, as the calyx of Papaver.

Ca'lyx.—The outermost whorl of floral leaves.

Cam'bium.—A secondary meristem lying between the phloem and xylem in certain

collateral bundles (fascicular or intrafascicular cambium) or between the

phloem and xylem portions of medullary rays (interfascicular cambium).

Campan'ulate.—Bell shaped.

Campylo'tropous.—Applied to ovules or seeds that are curved so as to bring the

apex and base near together.

Canes'cent.—White or gray from a coating of fine hairs.

Caout'chouc.—A tenacious, elastic hydrocarbon found in the latex ofmany plants.

Capillit'ium.—A network of filaments among spores, as in the sporangium of

slime molds, the fruit body of puff* balls, etc.

Cap'itate.—Shaped like a head.

Cap'rification—The process of pollinating figs artificially.

Cap'sule. A dry, dehiscent fruit of a compound pistil consisting of two or more

carpels.

Carbo'hy'drAte.—A substance consisting of carbon and of hydrogen and oxygen in

the proportion of two parts of hydrogen to one part of oxygen.

Car'pel. A transformed leaf bearing one or more ovules; a simple pistil; a part of a

compound pistil.

Carpogon'ium —A unicellular, female sexual organ of certain red algae and fungi

consisting of a cell enlarged at its base, its terminal part ending in a long

filament called a trichogyne.

Car'pophore —A slender stalk, the prolongation of the receptacle, to which the

inferior akenes (mericarps) of the Umbellifera are attached.

Carun'cle. A warty excrescence at or about the hilum of certain seeds, as that of

castor-oil seed, etc.

Caryop'sis —A dry, indehiscent, one-seeded fruit of the grasses or cereals in which

the fruit wall (pericarp) and seed coat firmly adhere.

Cat'kin.-A scaly spike of flowers.
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Cau'date.—Tailed.

Caules'cent.—With an obvious aerial stem.

Cau'line.—Pertaining to the stem.

Cell.—The structural unit of plants and animals

most plants is surrounded by a cell wall seci

Centrif'ugAl.—Applied to a flower cluster in wl

blossoms first.

rminal

Centrip'etal.—Applied to a flower cluster in which the lower or outer flowers

bloom first.

Chaff.—The glumes and palets of grains; the scaly hairs on the stipes of ferns;

the bracts subtending each floret in some heads of Composite.

ChalA'za.—That portion of the ovule marked by the junction of the integuments

with the nucellus.

Chasmo'gamous.—Pertaining to flowers that regularly open.

Chlamy'dospore.—Thick walled spore formed within the hyphae of smuts.

Chlo'rophyll.—The mixed pigments forming the green color of all green plants

and found in the chloroplastids.

Chloroplas'tid.—A protoplasmic body in the cells of green parts of plants con-

taining chlorophyll.

Chro'matin.—That portion of the nucleus which is readily colored by a basic

dye. The substance that carries the hereditary characters from parent to

offspring.

Chromo'mere.—One of the chromatin granules, arranged linearly like the beads on

a string, comprising the chromosome.

Chromoplas'tid.—A protoplasmic body in the cells of certain parts of plants con-

taining a pigment other than chlorophyll.

Chro'mosome.—One of the bodies into which the chromatin of the nucleus is

resolved during indirect nuclear division. The chromosomes carry the genes,

linearly arranged, which control the development of Medelian characters.

Cil'ia.—Vibratory, hair-like, protoplasmic outgrowths of zoospores, bacteria,

gametes, etc.

Circumnuta'tion.—The repeated bending in different directions of the growing

tips of stems of climbing plants.

Cir'ginate.—Rolled inward from apex toward base, as the young leaves of ferns.

Circumscis'sile.—Applied to the splitting open of capsules transversely into lid and

pot portions.

ClAd'ode.—The flattened branch which somewhat resembles a leaf.

Claw.—The narrowed base of some petals, as those of the Pink Family.

Cleistog'amous.—Applied to flowers that never open but are self fertilized, as in

some Polygalas and Violets.

Coch'leA.—A spirally coiled legume.

Coe'nocyte.—A multinucleate cell.

Cohe'sion.—The union of parts of the same whorl.

Co'hort.—A group of natural orders.

Coleorhi'zA.—A root sheath through which the radicle bursts in germination.

Collateral.—Applied to fibrovascular bundles in which the phloem and xylem

masses are arranged side by side.

Collen'chyma.—Tissue composed of elongated prismatic cells thickened at

their anerles with a colloidal substance.
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Columel'la.—The end cell wall of an aerial hypha that bulges into the sporan-
» -

gium; also applied to the axis of a capsule.

Col'umn.—The united stamens and carpels in Orchids.

Col'umn Cells.—Hour-glass shaped cells forming a layer beneath the palisade-

epidermal layer of leguminous seeds.

Co'ma.—A tuft of hairs, as found on the seeds of Milkweeds.

Com'missure.—The contiguous surfaces of two carpels as in the flowers and fruits

of the Parsley Family.

Companion Cells.—Parenchyma cells associated with sieve tubes and having a

narrow cavity, abundant protoplasm, large nuclei and the wall adjoining the

sieve tube marked by transversely elongated pits.

Concen'tric.—Applied to several circles or whorls one within the other. Con-

centric vascular bundles are those in which the xylem mass surrounds the

phloem mass or vice versa.

Concep'tacle.—A sac bearing the fruiting organs in certain Algae and Fungi.

Con'duct'ing Bun'dle.—(See Vascular Bundle.)

Con'duct'ing Paren'chyma.—Somewhat elongated parenchyma cells serving

primarily for the conduction of fluids.

Condu'plicate.—Folded together lengthwise, as for example the bud leaves of

the oak or peach.

Conid 'ia.—Asexual spores cut off from the ends of hyphae or stcrigmata by Penicil-

lium, Aspergillus, Peronospora, Claviceps, etc.

Conid'iophore.—A hypha bearing conidia.

Conjugation.—One of the sexual methods of reproduction where two like sexual

cells unite to form a zygospore.

Con'nate.—Applied to parts that have grown together, as the bases of two opposite

leaves.

Connect'ive.—The continuation of the filament of the stamen that connects the

two lobes of the anther.

Conni'vent—Brought close together; converging.

Con'volute.—Rolled lengthwise from one edge, as the leaves in the buds of the

Wild Cherry and Plum.

Cor'dAte.—Heart-shaped.

Coria'ceous.—Leathery in texture.

Cork (Su'berous Tissue).—A protective tissue derived from the phellogen and with

cell walls waterproofed with suberin.

Cork Camb'ium.—(See Phellogen.)

Corm—A solid, swollen, fleshy underground stem.

Corol'lA.—The inner whorl of floral envelopes composed of petals.

Coro'na.—A crown like appendage in the throat of the corolla, as in the flowers

of Narcissus and Silene.

Cor'tex—That region in dicotyl and gymnosperm roots of primary growth and

in roots and stems of monocotyledons between the outer protective tissue or

epidermis and the pericycle; in dicotyl and gymnosperm roots of secondary

growth or in barks between phellogen and phloem or pericycle. The Primary

Cortex is the region lying between the pericycle and the epidermis or the

secondary tissues produced by the phellogen. The Secondary Cortex is

all that tissue laid down by the phellogen on its inner face.

Cor'tical PAREN'cHYMA.-The parenchyma of the cortex.



716 PHARMACEUTICAL BOTANY

*

Cor'ymb.—A flat topped or convex centripetal inflorescence with the lowermost

pedicels the longest.

Cos'ta.—A rib.

Cotyle'don.—A seed-leaf of the embryo.

Crem'ocarp.—The peculiar fruit of Umbelliferce, consisting of two inferior akenes

(mericarps) separated from each other by a carpophore.

Cre'nate.—Applied to leaf margins having rounded teeth.

Cren'ulate.—The margin with fine rounded teeth.

Crib'riform.—Sieve-like.

Cru'ciform.—Applied to the corolla or the calyx of flowers, the parts of which are

arranged in the form of a cross.

Crusta'ceous.—Applied to the thallus of a lichen that closely adheres to the

substratum.

Cryp'togam.—A plant belonging to one of the divisions of the vegetable kingdom

below the Spermatophytes.

hemiCrys'tals.—The solid geometrical forms assumed by many
geneous bodies.

Crys'tal Sand.—See Microcrystals.

Crys'talloid.—A protein body found in the aleurone grains of seed or under-

ground parts.

Culm.—A jointed stem of a grass or sedge.

Cu'neate.—Wedge-shaped.

Cu'pule.—Applied to the concave involucre enclosing the glans of an acorn but

also to other cup-shaped parts of plants.

Cu'ticle.—A thin covering of a waxy substance called cutin on the outer wall of

epidermal cells.

Cu'tin.—A fatty cell-wall constituent serving to waterproof the wall.

Cutini'zed.—Applied to a cell-wall infiltrated or covered with cutin.

Cus'pidate.—Tipped with a sharp rigid point.

Cyme.—A more or less flat topped determinate inflorescence.

Cy'mose.—Cyme-like.

Cys'toliths.—Cell bodies consisting of deposits of calcium carbonate or silica or

both on an extention of the cell wall into the cell.

Cy'tAse.—An enzyme which digests cellulose.

Cytoi/ogy.—The study of cells and their contents.

Cy'toplAsm.—The cell protoplasm outside of the nucleus.

Decan'drous.—Having ten stamens.

Decid'uous.—Applied to leaves which fall in autumn, to plants bearing such leaves

and to the calyx and corolla which fall shortly after blossoming, before the

development of the fruit.

Dec'linAte.—Curved or bent downward.

Decompound'.—Several times compounded, as the leaf-blades of Cimicifuga.

Decum'bent.—Erect at base, then lying on the ground, with the end rising.

Decus'sate.—Applied to opposite leaves when the pairs stand at right angles to

each other along the stem.

Dehis'cence.—Splitting open.

Deliques'cent.—Applied to a tree whose trunk or main stem is lost in branches.

Del'toid.—Having the shape of the Greek letter A.
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Den'tAte.—Having broad, acute, marginal teeth pointing outward.

Dentig'ulate.—Finely dentate.

Dermat'ogen.—The generative tissue that gives rise to epidermis.

Determinate.—Applied to inflorescences on which flowering begins with the ter-

minal bud, thus ending the elongation of the stem bearing the flowers.

Diadel'phous.—Applied to stamens whose filaments are united at their edges into

two sets.

Diageot'ropic.—Applied to a plant organ that assumes a horizontal position.

Dian'drous.—Possessing two stamens.

Di'astAse.—A ferment found in germinating seeds and fungal hyphae which changes

starch into maltose.

DichlAmyd'eous.—Pertaining to flowers that possess both calyx and corolla.

Dichog'amy.—The maturation of one set of sexual organs before the other.

Dichot'omous.—Forked.

Dic'linous.—Pertaining to the stamens and carpels being found in separate flowers.

Dicot'yle'don.—A plant whose embryo possesses two seed leaves or cotyledons.

Dig'itAte.—Referring to a compound leaf whose leaflets come off at the end of the

petiole.

Dimor'phism.—Having two forms of flowers, one with long styles and short stamens,

the other with short styles and long stamens; the occurrence of two distinct

forms.

Dice'cious.—Applied to species having two kinds of individuals, male and female.

Dissect'ed.—Cut deeply into numerous divisions.

Dissepiment.—A partition separating cavities in a compound ovary or fruit.

Distichous.—Pertaining to the arrangement of leaves in two rows.

Divided.—Segmented to the mid-rib or base.

Dorsiven'tral—Having distinct upper and lower surfaces.

Dor'sum.—The back of an organ. The lower surface of a foliage or floral leaf.

DownV.—Covered densely with soft hairs.

Drupe.—A one-celled, one-seeded fruit whose endocarp is stony.

Drupe'let.—A small drupe.
^

Duct.—A tubular element found in the xylem region of a vascular bundle. See

trachea.

Dura'men.—Heartwood.

E- or Ex- a prefix meaning devoid of, outside of, or away from.

Eccen'tric —Deviating from the center. Applied to the hila of starch grains

which are outside of the center, also to woody plants which develop more

rapidly on one side than on the other.

EcHiN'uLATE.-Beset with small prickles or spines.

EcH'iNATE.-Beset with prickles or spines.

Ec'toplasm (Outer Plasma Membrane).-The specialized, non-granular, outer

limiting layer of the cytoplasm.
A f .u

EGG-APPARA'TUS.-The ovum and two synergids at the micropylar end of the

embryo-sac
nutrient solution of grape sugar, etc. manufactured in the

E"™
it of 1J- -ch passes downward through the ph.o™ region ,„ be

distributed to parts needing it.

Euuo'plAstid.-A plasdd which stores od or fat.
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El'ater.—An elastic, spiral filament attached to the spores of some Liverworts

and Horsetails and aiding in their dispersal when mature.

Emar'ginate.—Notched at the apex.

Em'bryo.—A rudimentary plant found within the seed.

Embryol'ogy.—The study of the embryo and its development.

Em'bryo-sac.—A large cell within the nucellus of the ovule in which the embryo

is formed after fertilization.

En'docarp.—The inner layer of the pericarp. The inner epidermis of the fruit

wall.

Endo'dermis.—A layer of cells forming the innermost boundary of the cortex and

surrounding the central cylinder. Also applied to the bundle sheath surround-

ing concentric bundles in the stems and leaves of pteridophytes and some

monocotyledons.

En'dogen.—A Monocotyledon.

Endog'enous.—Applied to the axes of Monocotyl plants that do not increase

materially in diameter.

En'dophyte.—A plant which grows within the tissues of another.

En'dosperm.—A storage tissue of the seed, consisting of the matured embryo sac

around the embryo, and formed from the endosperm nucleus.

En'dospore.—The inner wall of a spore.

Endothe'cium.—A zone of one or more layers within the exothecium of an

anther.

En'siform.—Sword-shaped.

Entomoph'ilous.—Insect pollinated.

En'tophyte.—See Endophyte.

En'zymes.—Nitrogenous, colloidal bodies closely related to the proteins and con-

cerned with the chemical changes occurring in all living cells.

Ephem'eral.—Lasting for a brief period (a day or so).

Epica'lyx.—A whorl of bracts resembling the calyx but below it.

Epi'carp.—The outer layer of the pericarp or the outer epidermis of fruits.

Epicot'yl.—The portion of the embryo-axis above the cotyledon or cotyledons.

Epider'mis.—The primary outer covering layer of cells of plants, sometimes later

replaced by cork.

Epig'ynous.—Applied to floral leaves that appear to be inserted upon the ovary.

Epipet'alous.—Upon the corolla.

Ep'iphyte.—An air plant. A plant growing on another plant but not necessarily

nourished by it.

Epithe'lium.—A delicate layer of cells lining an internal cavity.

Eq/uitant.—Applied to leaves, as in Iris, when they all spring from a rhizome and

are successively folded on each other toward their bases.

Eryth'rophyll.—The red coloring matter of leaves.

Estiva'tion (Aestivation).—The arrangements of the floral organs in the flower

bud.

Et^'rio.—An aggregate fruit like the Raspberry or Blackberry, the product of a

single flower, consisting of an aggregation of drupelets on a receptacle.

E'tiolation.—The bleaching of green parts of plants when kept in the dark for

some time.

Evolu'tion.—The presumable theory that all forms of living things existing today

have been derived from others previously existing, either by direct descent

or by common ancestry.
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ExAlbu'minous.—Applied to a seed in which the nourishment is stored in the

embryo during the growth of seed from the ovule stage.

Excen'tric.—See Eccentric.

Excres'cence.—A morbid outgrowth.

Excre'tion.—Getting rid of nitrogenous waste.

Exgur'rent.—Applied to trees, the main stems of which do not disappear in

branches but grow erect to the summit, ending in a terminal bud. The
opposite of Deliquescent.

Exfo'liate.—To shed layers of bark. To cast off layers of tissue.

Ex'ine.—The outer wall of a pollen grain.

Ex'ogarp.—The outer layer of the pericarp.

Exog'enous.—Applied to the axes of Gymnosperms and Dicotyledons which

increase materially in diameter.

Ex'ogens.—Plants with exogenous axes.

Exospor'ium.—The outer wall of a spore.

Exsert'ed.—Applied to stamens that protrude from the throat of the corolla.

Ex'tine.—The outer wall of a pollen grain.

Extrorse'.—Applied to anthers which face outward, away from the gyncecium.

Face.—The free surface of an organ.

Fal'cAte.—Scythe or sickle-shaped.

Fam'ily.—A sub-division of an order.

Farina'ceous.—Starchy or mealy.

Fas'cicle.—A bundle or cluster.

Fascicular.—Belonging to a bundle.

Fascicular Cambium.—See Cambium.

Fascic'ulate.—Clustered.

Fats. Glyceryl esters of fatty acids that tend to solidify and crystallize at ordinary

temperatures.

Fec'ula.—The nutritive part of a cereal.

Fer'tile. Producing fruit or reproductive organs. Applied to flowers which

contain functionally active stamens and carpels.

Fertilization.—That method of reproduction characterized by the union of two

dissimilar gametes.

Fi'ber.—A cell that is much elongated, thick-walled, usually lignified, tapering

more or less to a point at either end and primarily functioning mechanically.

Fi'brous.—Fiber-like. Referring to root systems composed of many slender

rootlets.

Fibrovas'culAR Bun'dle.—A stringy group of fibers, vessels or tracheids and cells

coursing through the various organs of the higher plants and serving for sup-

port and conduction of sap.

Fil'ament —The stalk of a stamen; a thread-like structure.

j'tous.—Thread-like.FilAmen'tous.-

Fil'iform—Thread-like.

Fimbriated.—Fringed.

Fis'sion.—A form of division in which the cell separates into two equal or nearly

equal parts.

Fis'tular—Hollow and cylindrical.

Fixed Oils.—Glyceryl esters of fatty acids that tend to remain liquid at ordinary

temperatures.

\
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FlAgel'lum.—A whip-like protoplasmic outgrowth of certain organisms, as

Flagellates or of zoospores, serving as an organ of locomotion.

Folia'ceous.—Leaf-like.

Fol'licle.—A one-chambered, dry fruit that dehisces along one suture only.

Fovii/la.—The contents of a pollen grain.

Frac'ture.—The manner in which a root or other plant part breaks when sub-

jected to sufficient pressure.

Frond.—The leaf of a fern. The leaf-like, branching thallus of marine algae.

Fruit.—A matured pistil, or ovarian portion thereof together with any closely

adhering part.

Fru'ticose.—Shrubby.

Fuco'xan'thin.—The brown pigment of the brown algae (synonymous with

phycophaein).

Fuga'cious.—Falling off early.

Fundamen'tal Tis'sue.—Ground-tissue. The tissue of plants through which

the fibrovascular bundles course.

Funic'ulus.—The stalk of an ovule.

Fur'cate .—Forked

.

Fu'siform.—Enlarged in the middle and tapering toward either end.

Gal'bulus.—A berry-like cone, as in Juniperus, formed by the coalescence of fleshy

scales and carpels.

Ga'leate.—Helmet shaped.

Gametan'gium.—The cell or organ lodging the gamete.

Gam'ete.—A sexual cell.

Gam'etophyte.—The sexual generation.

Gamopet'alous.—Applied to a flower whose corolla is composed of petals which

are more or less united at their edges.

Gamosep'alous.—Having the sepals more or less united at their margins.

Gem'ma.—An asexual bud-like structure found in the cupules of Liverworts.

Gemma'tion.—The process of budding as seen in the yeasts.

Gene.—The unit of inheritance which is found in the chromosomes of the germ cells.

Gen'erA.—Plural of genus.

Geniculate.—Kneed.

Geot'ropism.—Response to the stimulus of gravity.

Germina'tion.—The sprouting of a spore or seed.

Germ Cell.—A reproductive cell as distinguished from a somatic or body cell.

Gills.—The spore-bearing plates of a toadstool.

Gla'brous.—Smooth.

Gland.—A cell or group of cells whose principal function is secretion.

Gland'ulAr.—Pertaining to or bearing glands.

Glans.—A nut.

Glau'cous.—Covered with a bloom.

Glo'boids.—Small spherical crystals of calcium-magnesium-phosphate found in

aleurone grains.

Glob'ular.—Spherical.

Glom'erule.—A head-like cyme. A determinate head.

Glu'coside (Glycoside).—A cell constituent which under the influence of an

enzyme or of heat, dilute acids or alkalies splits up into glucose and some

other substances.
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Glume.—A floral bract of the grasses and sedges.

Glu'ten.—The proteid matter of cereals.

Gonid'ium.—Applied to the algal cell in lichens as well as to many forms of asexual

reproductive bodies in flowerless plants.

Gon'ophore.—An upgrowth of the receptacle between the corolla and stamens,

as in Passiflora.

Guard Cells.^—The pair of special epidermal cells which surround the pore of the

stoma.

Gyn'ceci'um.—The female sexual system of a flower.

Gyn'ophore.—An upgrowth of the receptacle between gynoecium and androecium,

as in Geum.
*

Gynoste'mium.—The united stamens and style. The column of orchids.

Hab'itat.—The original home of a plant.

Ha'drome.—The conducting tissue of the xylem, comprising tracheae, tracheids and

wood parenchyma.

Has'tate.—Shaped like the head of a halberd, the basal lobes diverging.

Head.—An indeterminate form of inflorescence, as seen in the Daisy family, in

which the flowers are in a dense cluster on the receptacle.

Heart'wood.—The inner portion of the wood, often containing resinous and color-

ing matters and which no longer functions in the vegetative processes of the

plant.

Heliot'ropism.—Response to the stimulus of sunlight.

Herba'rium.—A classified collection of dried plant specimens.

Heredity.—The faithful transmission of characters from parent or parents to

offspring.

Hermaph'rodite.—Applied to flowers which contain both sets of essential organs,

not necessarily functionally active.

Hesperid'ium.—A large, thick-skinned, succulent fruit like the orange, lemon or

grape-fruit.

Het'erocyst.—A cell of different size and content from other cells in the filaments

of Nostoc and some other blue-green algae.

Heterophyllous.—Having more than one kind of foliage-leaves on the same

plant.

Heteros'porous.—Producing asexual spores of more than one kind, as in Selagi-

nella and the rusts.

Heterotypic.—Applied to the first cell division in meiosis which involves the

reduction of the chromosomes from the diploid to the haploid member.

Heterozy'gote.—An organism to which its two parents have contributed unlike

genes with respect to any given allelomorphic pair governing contrasted charac-

ters and which in turn produces two kinds of germ cells with respect to the

characters.

jjex—\ prefix of Greek origin meaning six.

Hexag'ynous—Having six carpels or styles.

Hexam'erous.—Having the parts of the flower in 6's.

Hexan'drous—Having six stamens.

Hibernation.—Passing the winter in a dormant state of existence.

Hi'lum. The scar of a seed, after the stalk of the ovule has fallen off. Also applied

to the point of origin or growth of a starch grain.



722 PHARMACEUTICAL BOTANY

Hip.—The fruit of a Rose, consisting of a number of akenes surrounded by a ripened

concave receptacle.

Hirsute'.—Covered with numerous long coarse hairs.

His'pid.—Beset with erect stiff hairs, as Borage.

Histol'ogy.—The study of tissues with the aid of the microscope.

Holdfast.—The base of the stipe or of the plant body of a thallophyte which is

differentiated for attaching the plant to its substratum.

Homol'ogous.—Having the same structural nature.

Homos'porous.—Producing asexual spores of only one kind.

Homozy'gote.—An organism whose parents contributed to it a similar member of

any given pair of genes and whose germ cells are all alike with respect to the

genes for that character.

Hormogon'ium.—A segment of a filament of a blue-green alga which may detach
itself from the rest of the filament becoming a new organism.

Hy'brid.—A cross between two varieties or species, rarely between two genera
of the same family.

Hydath'odes (Water Pores).—Organs for the exudation of water from plants under
conditions of low transpiration and abundant soil moisture.

Hydroph'ilous.—Applied to flowers that are pollinated through the agency of

water currents.

Hy'drophyte.—A water-plant.

Hydrotropism.—The response of a plant organ to the stimulus of moisture.

Hygroscop'ic.—The property possessed by certain cells or substances of absorbing
moisture with avidity.

Hyme'nium.—A spore-bearing membrane of a fungus.

Hy'pha.—A filament of the mycelium of a fungus.

Hypo.—A prefix of Greek origin meaning under.

Hy'pocotyl.—That part of an embryo plantlet below the cotyledon or cotyledons.

Hypocrater'iform.—Applied to a calyx or corolla when the tube is long and
slender and abruptly expands into a flat limb.

Hypoder'mis.—That portion of a plant organ directly beneath the epidermis.

Hypoge'ous.—Beneath the surface of the soil.

Hypothe'cium.—That portion of a thallus of a lichen directly beneath or around
the apothecium.

Hypog'ynous.—Applied to the insertion of various floral parts on the receptacle

and beneath the Distil.

Id'ioblast.—A cell which differs materially in form, size, character of cell wall,

or contents from its neighbors in a tissue, frequently applied to colorless stone

cells.

Imbibition.—The taking in of water by organic bodies in such a manner as to

cause them to swell up.

Im'bricate.—Overlapping like shingles.

Immersed'.—Growing entirely under water.

Imparipin'nate.—Applied to a pinnately-compound leaf terminating with a single

leaflet.

Indefinite.—Applied to stamens and other organs of the flower, when too numer-
ous to be conveniently counted.

Indehis'cent.—Not splitting open in a definite manner
Indig'enous.—Native.
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Indu'sium —An outgrowth of the lower epidermis of many ferns that covers the
cluster of sporangia.

Inequilat'eral.—Having unequal sides. • . -

Inferior.—Applied to an ovary when the other floral parts are inserted above it.

Inflores'cence.—The arrangement of the flowers on the stem of a plant.

Infundib'uliform.—Funnel shaped.

Innate'.—Applied to anthers that are attached by their base to the summit of the

filament.

Integ'ument.—A covering.

Intercel'lular.—Between the cells.

Interfascicular Cam'bium.—Applied to a cambium layer which extends from
one fibrovascular bundle to another in the stems of Dicotyledons and
Gymnosperms.

Internal Glands.—More or less globular or elliptical shaped secretion reservoirs.

Inter'nal Phloem (Intraxylary Phloem).—A strand of phloem on the inner face

of the xylem, as found in bicollateral bundles.

In'ternode.—That portion of the stem between two nodes.

Interrup'tedly-Pin'nate.—Applied to a pinnate leaf that has either smaller or

larger leaflets between those of usual size.

In'tine.—The inner coat of the pollen grain.

In'tra.—A prefix meaning within.

Intrapet'iolar.—Applied to stipules that are between the petiole and the stem;

also to buds that are beneath or inside of the base of the petiole.

Introrse'.—Applied to anthers that face toward the gynoecium.

Intussuscep'tion.—The formation of additional particles of protoplasm between

those already present.

In'ulin.—A carbohydrate isomeric with starch found in the cell sap of the Compos-

itae, Lobeliaceae and some other families, from which it crystallizes in

lumps (in air-dried material) or in sphaerocrystals (in alcohol-preserved

material).

In'volucre.—A whorl (or whorls) of bracts subtending a flower or flower cluster.

Invol'ucel.—A secondary involucre.

In'volute.—Applied to the arrangement of leaves within a bud when they are

rolled inward from both sides.

Irritability.—That property of living matter whereby it responds to a stimulus.

Iso'diamet'ric.—Applied to cell having nearly the same length, breadth and thick-

ness.

Isog'amy. similar

Isom'erous—Having the same number of parts in each whorl.

Isostem'onous.—Having the stamens and petals each in one whorl and of the same

number.

Isth'mus—Applied to the constricted portion between the two half cells in certain

desmids.

Karyokine'sis.—Indirect nuclear division.

Katab'olism—Destructive metabolism.

Keel —Applied to a longitudinal ridge or elevation of cortical tissue of Senega

root which extends from the crown downward. Also applied to the two

inferior petals of a papilionaceous corolla which are more or less united into

_ i__j_. -^„«-rv*Kli««r the keel of a boat.



724 PHARMACEUTICAL BOTANY

Knee.—A form of knot which projects upward into the air from the roots of certain

trees that grow in wet soil, notably the bald cypress.

LUM an
La'biate.—Two lipped.

La'bium.—The lower lip of a labiate flower.

Lacin'iate.—Applied to the margins of leaves which are deeply cut into irregular

narrow lobes.

Lamel'l^:.—Little plates or layers. Applied to the layers of carbohydrate material
in a starch grain which surround the growing point; also to the gills of
a toad-stool as well as to the more or less regular markings found in cell walls
formed by delicate layers of material of different water content or of different

composition.

Lam'ina.—The blade or expanded part oi

La'nAte.—Covered with long, curled, wool-like hairs.

Lan'ceolate.—Lance-shaped.

La'tex.—The milk juice of a plant.

Laticif'erous.—Applied to the latex carrying tissue of a plant.

Latifo'liate.—Possessing broad leaves.

Leaf.—An expansion of the stem or branch in whose axil one or more branches

any

arise.

Leaf'let.—A division of a compound leaf.

Leaf-Trace.—A vascular bundle while on its way from the stem bundle to the leaf.

Leg'ume.—A dry, simple, capsular fruit formed of a single carpel and dehiscent by
both ventral and dorsal sutures.

Len'ticels.—Fissures in the cork or epidermis of stems formed by the swelling up
and rupture of subjacent cells which were cut off by the phellogen in places
where cork was not laid down.

Lentic'ular.—Having the shape of a double convex lens.

Lep'tome.—The conducting tissue of the phloem, comprising sieve tubes, phloem
parenchyma and sometimes companion cells.

Leu'coplast.—A colorless plastid found in the cells of plants not exposed to light.

Li'ane.—A woody climber or twiner of tropical forests.

Li'ber.—The inner bark or phloem region of Gymnospe
Li'briform-Cells.—Those cells of the xylem that are 1

bast fibers.

Lig'neous.—Woody.
Lig'nified.—Covered with deposits of lignin.

Lig'nin.—A mixture of substances that adheres to the cellulose walls of certain cells

and which is characterized by taking on a reddish coloration with phloroglucin
and hydrochloric acid reagent.

ms
and

ulate.—Strap-shaped.

summitLig'ui.e.—A membranous appendage at the
grasses and cereals; a strap shaped corolla of a Composite.

Liguliflo'rous.—-Applied to Composita flower heads, as those of Dandelion and
Chicory, which contain ligulate florets only.

Limb.—The spreading portion of a gamosepalous calyx or a gamopetalous corolla.
Line.—One-twelfth of an inch.

Lin 'ear. than
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Lobe.—A division of a leaf or other flattened organ which is larger than a tooth but
which is not a leaflet.

Loc'ular.—Having a cavity or cavities.

Loculici'dal.—Applied to the deshiscence of a capsule when it splits open along
the dorsal suture.

Loc'ulus.—A cell or cavity of an anther, ovary, or fruit.

Lo'ment.—A modified, jointed or multilocular legume that breaks open trans-

versely into segments when mature. *

Li/cid.—Clear.

Lu'men.—The cell cavity. The open space bounded by the walls of a cell.

Lu'niform.—Half-moon or crescent shaped.

Lu'rid.—Dingy-brown.

Lutes'cent.—Yellowish.

Ly'rate.—Applied to a pinnatifid leaf, as that of the Turnip, in which the terminal

lobe is the largest and the rest decreasing in size toward the base.

Lysig'enous.—Applied to the formation of a type of intercellular-air-space which
originates through the breaking down of cell walls common to a group of cells;

also applied to secretion reservoirs which are formed by the complete breaking

down of contiguous secretory cells which leave their products in the cavity

formed.

Macro.—A prefix of Greek origin meaning large.

Macrosporan'gium.—A spore case containing one or more macrospores. (The

nucellus in Spermatophytes.)

Mac'rospores.—The larger of the two different kinds of spores produced by some

of the higher Pteridophytes and the Spermatophytes. (The embryo-sac in

Spermatophytes.)

Macrospo'rophyll.-—The leaf bearing the macrosporangium. (The carpel in

Spermatophytes.)

Mac'ulate.—Spotted.

Ma'millate.—Bearing teat-like protuberances.

Marces'cent.—Withering but not falling, dropping off.

Marine'.—Applied to plants which grow in the sea or ocean.

Medul'la.—Pith.

Med'ullary.—Pertaining to the pith.
*

Med'ullary Rays.—Vertical, radial plates of parenchyma connecting the cortex

with the pith or a portion of the xylem with a portion of the phloem.

Med'ullary Sheath.—The inner ring of xylem abutting on the pith.

MegAso'rus.—The ovule.

MegAsporAn'gium.—See macrosporangium.

Meg'aspore.—See macrospore.

Megaspo'rophyll.—The carpel of seed plants. A leaf bearing one or more

megasporangia.

Meio'sis. The reduction divisions during the maturation of the gametes, in which

the members of each chromosome pair separate, and the chromosome number

in the resulting daughter cells is reduced to half the somatic number.

Mem'brane Crys'tals—Crystals enclosed within a membrane developed within

the cell.

Mem'branous—Thin, soft and flexile.
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Mer'icarp.—One of the two inferior akenes which are found with the carpophore
making up the cremocarp in Umbelliferce.

Mer'istem.—Formative or undifferentiated tissue consisting of cells which in the
living plant are in an active state of division.

Meristemat'ic.—Consisting of generative cells or meristem.
Mes'ocarp.—The middle region of the fruit wall or pericarp, lying between the

epicarp and endocarp.

Mes'ophyll.—The region of leaf parenchyma within the epidermis or, in flat leaves,
between the two epidermises.

Mes'tome.—The conducting portion of a fibrovascular bundle.
Metab'olism—The sum total of all the chemical changes which take place in a

living plant.

Metagen'esis.—Alternation of generations. The production of sexual indi-
viduals by asexual means and asexual or neutral individuals by sexual means.

Metamor'phosis.—A change in the form or function of an organ or organism.
Metaphlo'em.—Phloem formed by the cambium. Secondary phloem.
Metaxy'lem.—The secondary xylem, formed by the cambium on its inner face.
Micro.—A prefix of Greek origin meaning small.

Mi'crobe.—A minute vegetable or animal organism.
Mi'crocrys'tals (Sphenoidal Crystals). minute

shaped crystals frequently packed in great numbers in a single cell.

Mi'cropyle—The opening between the coats of an ovule through which the pollen
tube enters. The orifice or foramen in the seed coat through which the hypo-
cotyl passes during germination.

Microsomes —Applied by Strasburger to minute particles in the protoplasm which
have a high degree of refringency.

Microso'rus.—A lobe of the anther.

Microsporan'gium.—A spore case containing microspores. An anther sac.
Microspore—A small spore found in a microsporangium. The pollen grain of

a seed plant.

Microspo'rophyll.—A leaf bearing microsporangia. The stamen of seed plants.
Mid'dle Lamel'la.—A layer of calcium pectate or of some other base in com-

bination with pectic acid, appearing within the vacuole between two plasma
membranes during the last stage of cell division and appearing in suitably
mounted matured tissues as a dividing line between the cellulose walls of
adjacent protoplasts.

Mid'rib—The large main central vein of a pinnately-veined leaf which is con-
tinuous with the leaf stalk.

Mito'sis.—Indirect nuclear division.

Monadel'phous.—Applied to stamens which are united by their filaments into one
set, as in the Malvacece.

Monan'drous.—Possessing only one stamen.
Monan'thous.—Having only a single flower on the peduncle.
Monil'iform.—Resembling a chain of beads.
Mono.—A prefix of Greek origin, meaning one or single.

Monocar'pellary.—Of one carpel.

Monochlamyd'eous—Possessing but one perianth whorl.
Monoclin'ic Prisms (Monoclinic Crystals).-Crystals possessing three axes of

unequal length, two of which are obliquely inclined to each other and the
third forming right angles to these two.



GLOSSARY 727

Monoc'linous.—Having both androecium and gynaecium.
Monocotyled'onous.—Having only one cotyledon or seed leaf. . .

Monce'cious.—Having separate staminate and pistillate flowers on the same plant.
Monohy'brid.—The offspring of two parents differing in only one mendelian

characteristic.

Monoloc'ulAr.—One chambered.

Monom'erous.—Applied to flowers having one part running through each whorl.
Monopo'dium.—A plant axis which elongates at the apex and sends off lateral

branches in acropetal sequence.

Monos'tichous.—Arranged in one vertical row.

Mu'cronate.—Terminating abruptly in a small soft point.

Multi.—A prefix of Latin origin meaning many.
Multicellular.—Consisting of many cells.

Multicip'ital.—Many-headed; applied to a rhizome or root from which numerous
stems arise.

Multifa'rious.—Composed of many diverse parts.

Multiloc'ulAr.—Many celled or chambered.

Mul'tiple Fruit.—A fruit composed of many small fruits, each the product of

a separate flower, as in the Fig or Hop.

Muta'tion.—A sudden variation that is later passed on through inheritance and

that results from changes in a gene or genes.

Myce'lium.—The vegetative body of a fungus consisting of intertangled hyphae.

Mycol'ogy.—That branch of Botany that treats of the Fungi.

Mycorrhi'za.—An association between the roots of certain plants and the myce-

lium of certain fungi which forms an investment about their tips.

Na'piform.—Turnip-shaped. Somewhat globular, becoming abruptly slender

and then terminating in a conical tap root.

Nat'uralized.—Applied to plants that have been introduced from another

country.

Navig'ular.—Boat-shaped.

Neg'tar.—A sweet secretion by the flower.

Nec'tary.—The part of the flower which secretes nectar.

Neighboring Cells (Subsidiary Cells).—The epidermal cells which abut upon

the guard cells of the stoma.

Nerva'tion.—The arrangement of veins in a leaf.

Netted.—See Reticulate.

Neu'tral.—Said of flowers which possess neither stamens nor carpels. Also

applied to the asexual generation of plants.

Niv'eous.—Snow-white.

Node.—The place on the stem which normally shows outgrowths of a leaf, whorl

of leaves or leaf modifications.
*

Nodose'.—Having swollen joints or knobs.

Nod'ule.—A small rounded body as a root tubercle.

Nor'mal.—Usual.

Non.—Not.

Nucel'lus.—The body of an ovule.

Nucif'erous.—Nut-bearing.

Nu'cleus.—A dense, definitely* circumscribed region of protoplasm within the cell

containing linin, chromatin and nuclear sap.
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Nucle'olus.—A small body of dense protoplasm within the nucleus.

Nut.—A dry, indehiscent, 1 -celled, 1 -seeded fruit with a stony or leathery pericarp.

Nut'let.-—A small nut. The characteristic fruit of the Labiatce.

Nutri'tion.-—That branch of Physiology which includes the absorption, distribu-

tion and assimilation of food stuffs.

Ob.—A prefix of Latin origin signifying inversion.

Obcon'ical.—Inversely cone-shaped.

Obcor'date.—Inversely heat-shaped.

OblAn'ceolate.—Lance-shaped with the broadest part toward the summit.

Oblate'.—Flattened at the ends or poles.

Ob'ligate.—Necessary, indispensable.

Oblique'.—Taking a position between erect and horizontal, as in the case of many

stems. More developed on one side than on the other, as in certain leaf

blades.

Ob'long.—Longer than broad with nearly parallel sides.

Obo'vate.—Ovate with the attachment at the narrower end.

Obtuse'.—Having a blunt or rounded end.

O'chreA (o'crea).—A sheathing stipule.

Oils.—See Fixed Oils; Volatile Oils.

Oleores'ins.-—Secretions composed of resins dissolved in volatile oil.

Ontog'eny.—The history of the development of an individual.

O'ospore.—The fertilized egg.

Open Collateral Bundle.—A collateral bundle in which a cambium zone lies

between the xylem and phloem strands.

Oper'culum.—The transversely dehiscent lid or cover of a moss capsule.

Orbig'ular.—Circular.

Or'der.—A division of a class containing one or more families.

Orthot'ropous.—Applied to ovules or seeds which are erect, with the micropyle at

the apex and the hilum coinciding with the chalaza.

O'vary.—The lower part of a pistil or carpel containing the ovules.

O'vate.—Shaped like a lengthwise section of a hen's egg and having the attach-

ment at the broader end.

O'vule.-—A transformed bud destined to become a seed after fertilization.

O'vum.—The female sexual cell.

Pal'ate.—A convex projection on the base of the lower lip of a personate corolla.

Pa'lea (Pal'ei).—An inner bract of a Grass inflorescence which with the lemma

incloses the flower.

Palea'ceous.—Chaffy.

Pal'isade Cells.—Radially-elongated cells with more or less indurated walls

found in certain seed coats.

Pal'isade Paren'chyma (Palisade Tissue).—Elongated mesophyll cells lying

perpendicular to the surface of the leaf.

Pal'lid.—Pale.

Pal'mate.—Divided or lobed in radiate fashion.

Palmat'ifid.—Palmately-cleft.

Pandu'riform.-—Fiddle-shaped.

Pan'icle.—A compound raceme.
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Papilliona'ceous.—Having butterfly-shaped flowers, as in the sub-family Papilio-

nacea of the Leguminosae.

Papil'lAe.—Small, short, nipple-shaped protuberances of the epidermal cells.

Pap'illose.—Bearing small, nipple-shaped protuberances.

Pap'pus.—The calyx of a Composite flower.

Papyra'ceous.—Papery.

ParAph'ysis.—A sterile filament found among reproductive organs in certain

plants.

Parasit'ic.—Growing upon or within and deriving sustenance from another living

organism.

Paren'ghymA (Fundamental Tissue).—The soft, filling-in tissue of plants consisting

of more or less isodiametric cells and usually with cellulose walls enclosing

living contents.

Parenchymatous.—Referring to, consisting of or resembling parenchyma.

Pari'etal.—Situated on or pertaining to the wall of an ovary or pericarp.

Part'ed.—Incised nearly to the mid-rib or base.

Parthenogenesis.—The production of an embryo from an unfertilized egg.

Pathol'ogy.—The study of diseases.

Peg'tose.—Carbohydrate cell wall material related to the hemi-celluloses and to

mucilage.

Ped'ate.—Palmately parted or divided with two lateral lobes or divisions from each

of which more or less linear divisions arise.

Ped'igel.—A branch of an inflorescence axis supporting a single flower.

Pedun'cle.—The main stalk of an inflorescence. The flower stalk.

Pellu'cid.—Transparent, clear.

Pel'tate.—Shield-shaped and attached by its lower surface to the support.

Pen'dulous.—Hanging nearly vertically downward, as in the case of some ovules

that hang from the sides of a locule.

PentAm'erous.—Applied to flowers having the number five or a multiple thereof

running throughout each whorl.

Pentan'drous.—Having five stamens.

Pe'po.—A fruit of a Cucurbit; a gourd.

Peren'nial.—Living more than two years.

Per'fect.—Applied to flowers that contain both stamens and carpels that are

functionally active.

Perfoliate.—Applied to leaves which are united around the stem at their base.

Per'ianth and

is absent.

betweenPer'iblem.—A region ot menstem lying

the growing end of a root or stem. The meristem which gives rise to cortex.

Pericam'bium.—A zone of meristematic tissue lying just within the endodermis.

Per'icarp. The wall of a ripened ovary or fruit surrounding the seed or seeds.

Pericla'dium—A sheathing petiole.

Per'icycle. A region lying between the endodermis and the conducting bundle

or bundles.

Periderm—All of the tissues produced by the phellogen, both externally and

internally, and including the phellogen itself.

Perid'ium.—The outer covering of certain fungus fructifications as puff-balls.

Per'igone—See perianth.
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Perig'ynous.—Applied to stamens and petals when they are adherent to the calyx

throat, and so borne around the gynoecium.

Per'isperm.—The nourishing tissue of some seeds outside of the embryo sac and

representing the nucellus of the ovule, which during maturation has become

laden with nutriment.

Peristome.—The teeth around the mouth of the capsule in mosses.

Perithe'cium.—The receptacle containing asci in certain Ascomycetes.

Persistant.—Applied to parts of the flower which remain until the fruit ripens or

to leaves which remain on the plant over winter.

Per'sonAte.—Applied to a bilabiate corolla which has its throat closed by a convex

projection on the base of the lower lip.

Pet'al.—One of the floral leaves of the corolla.

Pet'aloid.—Of some other color than green. Having the color of a petal.

Pet'iole.—A leaf stalk.

Pet'iolule.—The stalk of a leaflet.

Phel'loderm.—Secondary cortex containing chloroplasts and formed by the cork

cambium or phellogen on its inner face.

Phei/logen.—The meristem which gives rise to cork and frequently secondary

cortex; cork cambium.

Phlo'em.—That part of a vascular bundle which contains sieve tissue and fre-

quently bast (phloem) fibers.

Phloroglu'cin.—A white crystalline substance having the formula of C6H6O3,

obtained by the decomposition of phloretin and from certain gummy extracts

and used with hydrochloric acid as a test for lignin.

Phycocy'anin.—The blue pigment found in the Cyanophyceae (Blue Green Algae).

Phycoeryth'rin.—The red pigment occurring in the Rhodophyceae (Red Algae)

and Cyanophyceae (Blue-green Algae).

Phycoph^'in.—The brown pigment found in the Phaeophyceae (Brown Algae).

Phycoxan'thin.—A yellowish pigment occurring in some Algae.

Phyllocla'de.—A flattened branch which resembles a leaf, as in Ruscus.

Phyi/lode.—A dilated petiole which functions as a leaf blade.

Phyi/lotaxy.—The arrangement of leaves on stems.

Phylloxan'thin.—See xanthophyll.

Phylog'eny.—The history of the race.

Phys'iology.—The science which treats of the functions of living organisms.

Phyto'globulins (Crystalloids).—Crystal-like bodies of protein composition found

in aleurone grains.

Phy'ton.—A term given by Gaudichaud to an internode with a node at its upper

extremity which bears one or more leaves, in the axils of which buds may
appear.

Pig'ments.—Coloring substances found in cells.

Pi'leus.—The cap of a toadstool.

Pilif'erous.—Bearing hairs.

Pilose'.—Covered with long, straight and scattered hairs.

Pin'nate.—Applied to compound leaves when the leaflets are arranged along the

mid-rib.

Pinnat'ifid.—Pinnately-cleft.

PinnAtipar'tite.—Pinnately-parted. \

Pinnat'isect.—Pinnately-divided.
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Pin'nule.—A secondary pinna.

Piriform.—Pea-shaped.

Pis 'til.—The central female organ of a flower consisting of one or more united
carpels.

Pis'tillAte.—Applied to flowers that possess one or more carpels but no fertile

stamens.

Pith (Medulla).—The core of soft parenchymatous tissue at the center of stems or

roots.
-

Placen'ta.—The nourishing tissue which connects the ovules with the wall of

the ovary.

Placenta'tion.—The arrangement of the placenta within the ovary or the pericarp.

Plasma Mem'brane (Outer Plasma Membrane).—See Ectoplasm.

PlAsmc/dium.—A multinucleated, naked mass of protoplasm having amoeboid

movement. The vegetative body of a Slime Mold.

Plasmol'ysis.—A contraction of the protoplasm of a cell due to the extraction of

contained water under the influence of reagents of greater density than the

protoplasmic sap.

PlAs'tids.—Dense, porous protoplasmic bodies of various shapes scattered about in

the cytoplasm.

Ple'rome.—A meristem found in the apical regions of plant axes which gives rise

to fibrovascular tissue.
i

Pli'cate.—Folded like a fan.

Plumose'.—Feathery.

Plu'mule.—The rudimentary bud between the cotyledons.
i

Pluriloc'ular.—Having more than one chamber or cell.

Po'lar Body.—A portion of a gamete budded off before fertilization.

Pol'len.—The fertilizing dust composed of cells produced in the anthers of flowers.

Pollen Grain (Microspore).—A cell developed within the anther-sac and which

carries the male fertilizing element.

Pollina'tion.—The transfer of pollen from anther to stigma and subsequent

germination thereon.

Pollin'ium.—A coherent mass of pollen grains in Orchids and Milkweeds, arranged

as to be carried by insects.

Poly.—A prefix of Greek origin meaning many.

Polyadelphous.—Applied to stamens which are united by their filaments into

many sets.

Polyan'drous.—Having many stamens.

Polyan'thous.—Many flowered.

Polyarch'.—Said of a radial vascular bundle having many xylem and phloem

rays.

Polycar'pellary—Composed of 3 or more carpels.

Polycar'pic—Fruiting successively.

Polycephal'ic.—Bearing many heads.

Polycotyled'on—A plant such as a Conifer which possesses more than 2 cotyle-

dons or seed leaves.

Polyem'bryony.—Producing more than one embryo within a seed.

Polygamous —Applied to species in which staminate, pistillate and hermaphrodite

flowers are borne on the same plant.

Polyg'onal.—Having several or many angles.
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Polymorphous.—Having several to many different forms.

Polypet'alous.—Having distinct, disjoined petals.

Polyph'yllous.—Many-leaved.

Polysep'alous.—Having distinct, disjoined sepals.

Polys'tachous.—Having many spikes.

Polystem'onous.—Possessing many more stamens than petals.

Pome.—A fleshy indehiscent fruit, two or more carpelled, with fibrous, cartilag-

inous or stony endocarp, the chief bulk of which consists of an adherent torus.

Pore Canals.—Pores through much thickened, usually lignified walls.

Pores (Pits).—Small thin spots or small holes in the cell wall.

Preflora'tion.—See Aestivation.

Prefolia'tion.—See Vernation.

—A sharp, rigid outgrowth from the epidermis and cortex.Prick'le.—A sharp, rigid outgrowth from the epi

Primor'dial.—First formed.

Primor'dial U'tricle.—The outer plasma membrane. The outer layer of proto-

plasm adjacent to the cell wall.

Procam'bium.—The first formed fibrovascular tissue of any organ before differ-

entiation has taken place into xylem and phloem.
Procum'bent.—Lying flat on the ground.

Proem'bryo.—The primary stage in the development of Chara consisting of a
single filament and a long rhizoidal cell. The suspensor in flowering plants.

Promyce'lium.—A short hyphal growth from resting spores of smuts or rusts upon
which basidiospores are borne.

Prosen'chyma.—Tissue composed of elongated, taper-pointed cells.

Protan'drous.—A condition of hermaphrodite flowers in which the stamens
mature before the carpels.

Protog'ynous.—Applied to hermaphrodite flowers in which the carpels are mature
before the stamens.

Prothal'lus (Prothariium).—A thalloid body bearing antheridia and archegonia,
produced by the germination of a spore of a Pteridophyte into a protonema
which later undergoes differentiation.

Protone'ma.—A simple or branched green filament formed by the germination of

a spore of a moss or fern.

Protophlo'em.—The first-formed phloem elements in a fibrovascular bundle.
Pro'toplasm.—Living matter.

Pro'toplast.—A term applied by Hanstein to the smallest body of protoplasm
capable of individual action, either with or without a cell-wall, and either

associated with other like units in a tissue or independent.
Protoxy'lem.—The first formed elements of xylem in a fibrovascular bundle.
Prox'imal.—Applied to the basal extremity. The attached end of an organ as

opposed to the free or distal end.

Pseudo.—A prefix of Greek origin indicating spurious or false.

Pseudo-bulb.—The fleshy bulb-like internode of an epiphytic Orchid.
Pseu'docarp.—A fruit which represents the product of the ripening of a single

ovary as well as one or more accessory parts.

Pseudoparen'chyma (Plectenchyma).—A tissue found in the fruiting bodies of
many fungi and consisting of compact hyphae somewhat resembling paren-
chyma in cross section.

Puber'ulent.—Covered with a fine. soft, hairv matincr.
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Pubes'cent.—Covered with soft, short hairs.

Pulvi'nussjus.—An enlargement at the base of the petiole or petiolule of some leaves

' or leaflets, as in numerous Leguminosce.

Punc'tate.—Dotted with small spots or minute pits.

Pus'tulAr.—Applied to surfaces having blister- or pimple-like elevations.

Puta'men.—The stony endocarp of a drupe.

Pyre'noids.—Small, rounded, colorless, refractile granules embedded in the

chromatophores of numerous Algas and thought to be starch forming centers.

Pyx'is.—A capsule which dehisces transversely into pot and lid portions.

Quad- or Quadri.—A prefix of Latin origin signifying four.

Quadrangular.—Four-angled.

Quadrifo'liate.—Applied to palmate leaves which have four leaflets arising from

the summit of the petiole.

Quinquefoi/iate.—Applied to any compound leaf that has five leaflets.

Raceme'.—An indeterminate inflorescence having pedicelled flowers arranged

along a lengthened axis.

Rac'emose.—Arranged in racemes.

Ra'chis.—The extended portion of a peduncle.

Rad'ical.—Arising from the root or base of the stem.

Rad'icle.—The rudimentary root of an embryo plantlet.

Ra'mal.—Pertaining to a branch.

Ra'mus.—A branch.

Ramose'.—Branching.

Rank.—A row of leaves or other organs arranged vertically on a stem.

Ra'phe (Rha'phe).—The adherent portion of the ovule stalk in inverted and half

inverted ovules and seeds.

Raph'ides.—Bundles of needle-shaped crystals.

Recep'tacle.—The shortened stem upon which the whorls of floral leaves are

inserted.

Receptac'ular.—Pertaining to the receptacle.

Rec'linate.—Bent downward,

Reclin'ing.—See Reclinate.

Recurved'.—Curved outward or backward to a moderate extent.

Reflexed'.—Turned outward or backward more abruptly than

Reg'mA.—A capsular fruit of 2 or more carpels that first splits into separate parts

and then each of these dehisces.

Rejuvenes'cence.—Applied to a mode of reproduction in which the protoplasm

of the cell becomes rounded out, escapes by rupture of the cell wall, forms

cilia and moves about, in time developing into a new plant.

Ren'iform.—Kidney-shaped.

Repand'.—Having a slightly undulating margin.

Re'pent.—Creeping.

Re'plum—A spurious membranous septum seen in Cruciferous fruits that per-

sists after the valves have fallen away.

Retic'ulate.—Applied to markings or veins which are in the form of a network.

Retuse'.—Having a broad, shallow sinus at the apex.

Rev'olute.—Said of leaves in the bud when their margins are rolled backward.
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Rha'phe.—See Raphe.

Rhi'zoids.—Absorption organs of certain plants that are analogous with roots of

higher plants but which consist of outgrowths of epidermal cells.

Rhizome'.—A creeping underground stem.

Rhi'zomorphs.—Root-like structures composed of united hyphae and seen in

certain fungi.

Rib.—A prominent vein or ridge.

Rin'gent.—Applied to the corolla of a bilabiate type whose throat is open and
lips separated.

Ripa'rious.—Growing along the banks of rivers or other water-courses.

Rosette'.—A cluster of leaves or other organs.

Ros'trate.—Beaked.

Rostei/lum.—A process found on the column of orchid flowers which supports the
disks of the pollinia.

Ro'tate.—Wheel-shaped.

Rotund 7
.—Rounded in outline.

Ru'fous .—Brownish-red

.

Rugose 7
.—Wrinkled.

Ru'minate.—Applied to the albumen of certain seeds when the perisperm is found
coursing through the endosperm in irregular fashion.

Run'ginate.—Applied to a pinnately-cleft leaf whose lobes are directed backward
as in the Dandelion.

Run'ner.—A stem or branch which roots at intervals as it trails along the ground.

Sac'cate.—Pouch-like.

Sag'ittate.—Arrow-shaped

.

Sama'ra.—A winged fruit.

Sap'rophyte.—An organism that lives upon decaying or dead organic matter.
Sar'cocarp.—The fleshy portion of a drupe or other fruit.

Sca'brous.—Said of leaves, etc., that are rough or harsh to the touch.
Scalar'iform.—Applied to tracheae or tracheids whose walls show transversely

arranged bars, resembling the rongs of a ladder.

Scan'dent.—Climbing.

Scape.—A naked peduncle arising from a root or underground stem.
Sga'rious.—Dry and membranous.
Schiz'ocarp.—A fruit that separates when mature into 2 or more indehiscent

parts.

Schizog'enous.—Said of intercellular-air-spaces or of reservoirs that are formed
by the breaking down of the middle lamellae of cells where several come to-

gether and the later separation of the cells at these places.

Sci'on.—A shoot intended for grafting.

Scleren'chyma.—A tissue composed of stone cells, fibers or both.
Sclero'tium.—A hardened mass of mycelium. .

Scor'pioid.—Applied to certain cymes whose flowers are situated on alternate
sides of the floral axis.

Scutel'lum.—A shied-shaped portion of the cotyledon of Graminea, which absorbs
nourishment from the endosperm during germination and bales it out to the
rest of the embryo.

Sec'undine.—The outer coat of the ovule.

Seed.—A fertilized and matured ovule containing an embryo.
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Se'pal.—A leaf of the calyx.

Sep'tate.—Possessing one or more partitions.

Septici'dal.—A mode of dehiscence in which the opening occurs along the line of

junction of the carpels.

Septifra'gal.—A method of dehiscence in which the valves of a capsular fruit

break away from the partitions or septa.

Sep'tum.—A partition between cavities in an ovary or fruit or between cells in a

tissue.

Seric'eous.—Silky. Having a covering of fine, soft, appressed, silky, hairs.

Ser'rAte.—Toothed with teeth projecting toward the apex.

Ser'rulate.—Finely serrate.

Ses'sile.—Without a stalk.

Se'ta.—A bristle-like structure.

Setig'erous.—Bristle bearing.

Sii/icule.—A short silique.

Sii/ique.—The characteristic fruit of the Crucifera, consisting of a capsule of 2

valves which separate from the replum in dehiscence.

Sin'uate.—Wavy margined.

Soft Bast.—The unlignified portion of the phloem.

Somat'ic Cells.—The body cells of an individual, in distinction from reproductive

cells.

Sore'dium.—A scale-like structure found on many

group of algae cells surrounded by a network of hyphae. When
plant

mature lichen.

Soro'sis.—A multiple fruit, as represented by the Mulberry and Osage Orange,

consisting of a swollen up, condensed and mature spike.

So'rus.—An aggregation of sporangia.

Spa'dix.—A fleshy spike more or less surrounded by a bract called a spathe.

Spathe.—A large bract that encloses or subtends an inflorescence.

Spat'ulate.—Said of flat leaves that are narrow at the base and become gradually

broader toward the summit, which is rounded.

Sperma'tophyte.—A seed plant.

Spermatozo'id.—A male sexual cell. See Antherozoid.

Spermatozo'on.—Another name for Spermatozoid or Antherozoid.

Sper'moderm.—The covering of the seed.

Sphace'lia.—The conidia stage of Claviceps.

Spic'ate.—Arranged in a spike.

Spic/ule.—A small pointed outgrowth. A needle-shaped crystal.

SPIKe. An indeterminate inflorescence consisting of sessile florets arranged along

a lengthened axis.

Spike'let—A secondary spike.

Spine.—A sharp, rigid termination of a branch as in the Honey Locust. A thorn.

Spines'cent.—Spiny in structure.

Sporad'ic.—Scattered.

Sporan'giophore.—The stalk or support of a sporangium.

Sporan'gium.—A spore case. ...... • . *

Spore.—An asexual or sexual reproductive cell usually with a highly resistant

cell wall. _ „

Sporogo'nium.-The asexual generation in Bryophytes and Ptendophytes.
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Spo'rophyll.—A spore bearing leaf.

Spur.—A tubular or saccate appendage of some part of the flower, usually con-

taining nectar.

Squamose'.—Scale-like.

Sta'men.—A male organ of the flower producing pollen.

Stam'inode.—An abortive and sterile stamen, or any body without an anther

occupying the normal place of a stamen.

Steg'ma (pi. stegma'ta).—A cell containing a warty silicious body adherent to the

and

Scitaminea, etc.

Ste'le.—All the structures within the usual type

Stel'late .—Star-shaped

.

.Stem. plant

Ste'reome.—The supporting elements of a fibrovascular bundle.

Ster'ile. without an

or pericarp without seeds. 2. Devoid of living organisms.

Steriliza'tion.—The process of riding an object of all living organisms.

Stig'ma.—That part of a pistil or carpel which receives the pollen.

Stipe.—The stem of a moss; the stalk of a fern frond; the stalk of a toadstool or

other fungus.

Stip'ulate.—Possessing stipules.

Stip'ule.—A modified leaf, usually blade-like and situated at the base of the leaf-

stalk.

Sto'lon.—A slender running branch above or below the surface of the soil, either

capable of taking root or bearing a bulb at its end.
i

Stolonif'erous.—Bearing stolons.

Sto'ma (Stomate).—A minute opening for the passage of gases and water vapor m
the epidermis, surrounded by two guard cells, which usually have the power to

enlarge and reduce the opening. Also employed for the opening in the epi-

dermis with the guard and accessory cells.

Stom'ata.—Plural for stoma.

Stomat'al Appara'tus.—The stoma with its surrounding guard cells and neigh-

boring cells.

Stomat'al Cham'ber.—The intercellular-air-space directly beneath the stoma.

Strand.—Applied to any tissue or group of tissues forming a narrow, more or less

cylindrical mass extending longitudinally through the plant or plant organ.

Stri'ate.—Marked with fine longitudinal lines or grooves.

Strigose'.—Covered with sharp and rigid appressed hairs.

Strob'ile.—A scaly multiple fruit consisting of a scale-bearing axis, each scale of

which encloses one or more seeds. A cone.

Stone Cells (Sclerenchyma Cells, Sclereids).—Isodiametric or moderately elon-

gated parenchyma cells modified by thickenings, lignification of the cell

wall and loss of protoplasmic contents.

Style.—That portion of a pistil connecting the ovary with the stigma.

Stylopo'dium. ovarian oortion 01 an

Sub.

partially.

le expansion

meaning un

Su'ber.—-Cork tissue.
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Suberin.—A fatty cell wall constituent serving to water-proof the wall.

Suberi'zed (Corky).—Applied to a cell wall infiltrated with suberin.

Subtkrra'nean.—Beneath the surface of the soil.

Su'bulAte.—Narrow and tapering to an acute end.

Suc'culent.—Soft and juicy or fleshy.

Suc'ker.—A shoot from the root or lower part of the stem or underground stem.

Suffru'ticose—Applied to stems or plants that are woody at their base and

herbaceous above.

Sul'cate.—Having longitudinal grooves.

Supe'rior—Said of an ovary that is not adherent to and above the calyx; also

applied to a calyx which is situated on the upgrown receptacle above the

ovary or to a tubular calyx whose limb appears to spring from the top of the

nvjirv

Suspen'sor.—A row of cells, representing the first development of the fertilized

egg of a seed plant, upon the end of which an embryo is formed.

Su'ture.—The line of union of two carpels. The line of dehiscence.

Swarm Spore.—A spore which possesses one or more cilia for movement.

Sycon'ium.—The characteristic multiple fruit of the Fig, which consists of a fleshy,

bearing

twoSymbio'sis.—The living together of

interests

SYMMET'RICAL.-Said of flowers when the parts of each whorl are of the same num-

ber or multiples of the same number.

Sympet'alous—See Gamopetalous.

Sym'physis—A union of parts.

SYNAPSis.-The union in pairs of homologous chromosomes, respecuvely of

maternal and paternal origin, to form bivalents.

SYNCAR'pous.-Said of fruits and gynoecia when they are formed of two or more
*

SynerW-T^o ' nuclei in the upper region of the embryo sac above the egg

nucleus.

Syngene'sious—Said of stamens wl

Syn'onym —Another name for the same tmng.

lvNPHYLL'oUs.-AppUcd to sepals or petals which are umted by the. margms.

Synsep'alous.—See Gamosepalous.

TAB'ULAR.-Flattened from above downward

anthers

plan

Tap-root.
downward

TAXONW.-The science of classification

TEG'MEN.-The inner seed coat. ^ ^^ rf ^ ^^
Teleu'tospore.—A spore produced oy
Teleu'tospore.

which forms

Ten'dril.
leaflet

TERATOL'OGY.-The study of monstrosities.

Terete'.—More or less cylindrical.
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Ter'minal.—Pertaining to the end or apex.

Ter'nate.—In threes.

Terres'trial.—Growing on land.

Tes'sellAted.—Marked like a checkerboard.

Tes'ta.—The outer seed coat.

Tetra.—A prefix of Greek origin signifying four.

Tet'rad.—A group of four immature pollen grains cut off by pollen mother cells.

TetrAcAr'pellAry.—Having four carpels.

Tetradyn'amous.—Having six stamens, four of which are longer than the other

two.

Tetrag'onAl.—Four-angled.

Tetram'erous.—Said of flowers that have the number four or multiple thereof

running through their various whorls.

Tetran'drous.—Having four stamens.

Tetrapet'alous.—Having four petals.

Tetrasep'alous.—Having four sepals.

Te'trarch. arms

alternating with one another.

Tet'raspores.—Applied to the asexually produced spores of the Floridea group of

Red Algze on account of being formed in groups of four in the mother cell.

Tetras'tichous.—Said of leaves when they are arranged in four vertical rows

upon a stem.

Thal'amus.—Another name for receptacle.

Thal'lus.—A plant body showing no differentiation into root, stem, or leaf.

Thermot'ropism.—Response of living matter to the stimulus of heat or cold.
*

Thorn.—See Spine.

Throat.—The opening into the tube of a gamosepalous calyx or gamopetalous

corolla.

Thyr'sus.—A compact panicle of flowers like the Lilac or Sumac.

Tis'sue.—An aggregation of cells of similar source, structure and function in inti-

mate union.

hairsTo'mentose.—Covered with dense, matted, wool}

Tor'tuous.—Bent or twisted irregularly.

To'rus.—Another name for receptacle.

Tra'chea.—An elongated cylindrical or prismatic tube with open ends, found in

the xylem of the fibrovascular system and serving for the conduction of crude

sap.

Tra'cheid.—An elongated, taper ended, tubular cell with closed ends and pitted

walls found in the xylem and serving for water conduction and support.

Transpira'tion.—The giving off of watery vapor by the plant.

Tri.—Three.

Triadel'phous.—Having the filaments in 3 sets.

Trian'drous.—Possessing three stamens.

Tri'arch.—Applied to a radial fibrovascular bundle having three xylem and three

phloem arms alternating with one another.

Tricar'pellAry.—Possessing three carpels.

oblast air

spaces of the stems of certain Water Lilies.

Trich'ogyne.—A slender appendage to the carpogonium.
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Trigh'ome.—A plant hair.

Trighot'omous.—Three-branched or forked.

Trifo'liate.—Said of a compound leaf having three leaflets.

Trimor'phous.—Possessing three kinds of hermaphrodite flowers in the same
species, differing in the relative length of their stamens and carpels.

Tris'tighous.—Three ranked.

Triter'nate.—Applied to a compound leaf whose petiole divides into three sec-

ondary petioles, each of which again divides into three tertiary petioles, each

division bearing 3 leaflets.

Trun'cAte.—Ending abruptly as if cut off or flattened at the summit.

Tu'ber.—A short excessively thickened end of an underground stem.

Tu'bercle.—A small wart-like outgrowth upon the rootlets, roots or subterranean

stems of various plants.

Tu'berous.—Bearing or resembling tubers.

Tu'nicated.—-Covered with successively overlapping coats as the bulb of an Onion.

Turbinate.—Top-shaped.

Turges'cent.—Swelling.

Tylo'sis.—A protrusion of the wall of a cell through the pit in the wall of an

adjacent vessel and appearing in the cavity of the latter.

Type.—An individual possessing the essential characteristics of the group to which

it belongs.

Um'bel.—The typical inflorescence of the family Umbellijera. A more or less flat-

topped indeterminate inflorescence in which the pedicels spread like the stays of

an umbrella.

Un'ciform.—Hook-shaped.

Un'dershrub.—A low shrub-like plant whose base is woody and upper portion
*

herbaceous.

Un'dulAte. —Having a wavy margin.

UNI>—a prefix of Latin origin meaning one.

UnilAt

iloc

One-sided.

One-celled.

Unise'riate .—Arranged in a single row, as the cells of some plant

Ur'ceolate.—Urn-shaped.

OOSPORE A one-celled spore produced during the life history of a Rust

U'tricle.—An

Vac'uole.—A cavity within the protoplasm of a cell usually containing cell sap.

Valv'ate.—Applied to the leaves of a flower in the bud stage when their margins

meet but do not overlap.

—One of the halves of a diatom. One of the parts of a pericarp that splits
Valve

open when ripe.

Variation.—The occurrence of differences among

variety.

Variety.— f individuals

from the rest of the species.

GULAR A group of tubular cells frequently combined with fibers

plant and

mechanical
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Vas'culum.—A collecting case used by botanists.

Veg'etable.—A plant.

Vein.—A strand of fibrovascular tissue in a leaf.

Vela'men.—An absorptive tissue composed of several layers of dead cells cover-

ing the roots of some tropical epiphytic orchids and aroids.

Vena'tion.—The arrangement of veins in a leaf.

Ven'ter.—The enlarged basal portion of an archegonium.

Ven'tral Canal' Cell.—A cell beneath the entrance of the neck portion of an

archegonium.

Vermic'ular.—Worm-shaped.

Verna'tion.—The manner in which leaves are disposed in the bud.

Ver'rucose.—Wart-like.

TKR A pair of dense cymes in the axils of opposite leaves

Vertic'illate.—Whorled.

Ves'sel.—See trachea.

Villose'.—Covered with soft, thin, rather straight hairs.

Virides'cent.—Greenish.

Vis'cid .—Sticky

.

Vitta.—An oil tube in the fruit of an Umbelliferous plant.

Volatile Oil.—An odorous, liquid hydrocarbon not leaving a greasy stain on

filter paper.

Vol'va.—The covering extending from the margin of the cap to the base of the stipe

in some toadstools, which is ruptured during growth and adheres around the

bulbous base.

Water Pores.—See Hydathodes

Waxes than

stems

Wood.—All that portion of a woody exogenous plant axis lying inside of the

cambium line; also applied to the xylem region of conducting bundles.

Wood Circle.—In exogenous stems and roots of secondary structure, all the region

within the cambium line except the pith and internal phloem if present, and

consisting of the xylem and the xylem portion of medullary rays.

Wood Fibers.—Fibers found in the xylem.

Wood Ray (Xylem Ray).—All that portion of a medullary ray between two wood

wedges.

Wood Wedges (Xylem Wedges).—That portion of the xylem region between two

wood medullary rays.

Xy'lem.—That portion of a vascular bundle which contains tracheae or tracheids

or both and often wood parenchyma and fibers.

Zooglof/a.—A gelatinous mass of bacteria.

Zo'ospore.—A ciliated spore having the power of movement.
Zygomor'phic.—Applied to irregular flowers like those of the Broom and Pea

which can only be divided into similar halves in one direction, cf.

Actinomorphic.

Zyg'ospore.—A spore resulting from the union of two like gametes.

Zy'gote.—A cell resulting from the union of two sexual cells or their nuclei.

Zy'mogen.—A microorganism capable of producing fermentation.
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Abies, 465

Abies balsamea, 466

Abies sibirica, 466

Abrus precatorius, 540

Absinthium, 615

Absorption of nutrient salts, 155

selective, 155

Acacia, 301, 536, 539

Acacia Catechu, 540

Acacia Senegal, 95, 639

Acajou Gum, 552

Acanthacece, 602

Acanthus Family, 91, 602

Accretion, defined, 27

Acer, 554

Acer spicatum, 554

Aceracece, 554

Acetic acid, 680

Achillea, 615

Achillea millefolium, 615

Achras Sapota, 582

Acid alcohol, 680

Acidum Gallicum, 507

Acidum Tannicum, 507

Aconite, 162, 518

Aconiti Folia, 519

Aconitine, micro-chemic test for.

Aconitum, 518

calyx of, 266

fruit of, 301

galea of, 268

histology of, 175

Aconitum Napellus, 86, 518, 519

Actinomyces Myricarum, 179, 373, 500

Adder's Tongue, 434

Adhesion, 268

Adiantum, 434, 435

Adiantum Capillus-Veneris, 436

Adiantum pedatum, 436

Adnation, 265

Adonis N. F., 519

Adonis vernalis, 519

^^Ecidiospores, 401

^Ecidium, 401

^Ecium, 401

/Egle Marmelos, 546

Aerobe, 34

Aerogens, 364

yEthallia, 374

Agar, 361

Agaricacea, 405

Agaricales, 403

Agaricus, 404

Agaricus campestris, 405

Agathis australis, 466

Agathis loranthifolia, 466

Agave, 619

Agave americana, 75

Agavose, 75

Aggregation-body, 243

Agricultural Botany, denned, 3

Agrimonia, 535

Agronomy, defined, 3

Agropyron repens, 485

Fig. of cross section of stem, 219

Ailanthus Family, 546

Aconitum Napellus var. roseum, Fig. of A^oacea^ 4

cross sect, of stem, 130

Aconitum U.S.P., 519

Acorns Calamus, 487, 618

Fig. of, 488'

Fig. of cross section of root, 144

Actaa, 518

Actinomyces, 372

Actinomyces bovis, 373

Akene, 303

Albumen, defined, 314

endospermic, 314

mode of formation, 314

perispermic, 314

Albumens, 93

Alburnum, 213

Alcaligenes melitensis, 373

741
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080 icixin. 40
hoi, 6ft i

N-butvl, 696

Ammmim 407. 408. 409

Alder, 504

Black, 552

Alder Buckthorn, 103. 555

Udrovanda, 530

vesiculosa, 628

Alectoria, 417

Alctris, 490

Alctris jarinosa, 490

Aleurites cordata, 551

Aleuronc grains, 93

Alga-like Fungi

Alga^, 333

334

brown, 351

green, 336, 413

red, 357

siphon, 346

Alkaloidal reagents, 84, 8!

Alkaloids, 84-87, 397

Alkanet, 593

Alkanna tinctoria, 593

Allamanda, 587

Allelomorphs, 644, 647

Allium, 491

Allium sativum, 491

Fig. of bulb of, 191

Almond, 535

Alnus, 504

Aloe, 490

Aloe, 84, 220, 241

jerox, 490

Perryi, 490

vera, 490

Aloin

offic

Alternation of ge

Althaea, 561

Flores, 562

Folia, 562

mucilage in,

Althaa officinalis, I

rosea, 562

Alum root, 531

Alyssum, 277

Amanita, 407

deadly, 408

tions, 71, 423

pkalloides, 408, 409

Amamlahrinolysin, 409

Amaranthateie, 514

pollen of, 283

Amber, 466

Ambrcttr seed, 562

Ambrosia, 283

Amelanchier, 535

Ament, 259

Amino-acids, 93

Ammonia water, 681

Ammoniacum, 577

Amaba, 24

Figs, of, 25, 27

Amoeboid movement, 26

Amomum melegueta, 492

Amygdala Amara, 536

Amygdala Dulcis, 536

Amygdalacca, 535

Amygdalin. 103

Amygdalus, 535

communis, 535, 636

Amylase, 76

Arnylodextrin, 82

Amyloplastids, 42

Amylum, 485

Amylum Marantae, 493

Anabana, 335, 336

Anabolism, defined, 31

Anacardiacea, 551

Anacardium, 552

Anacardium occidental, 552

Anacyclus Pyrethrum, 615

Anaerobe, 34

Anamirta Cocculus, 521

Anaphase, 48, 50

Anaphalis margaritacea, 615
Andraa, 426

Andracales, 426

Andrcecium, 262, 274

Andromeda, 580

Andropogon squarrosus, 485

Anemone, 260, 304

Anethol, 576

Angelica Archangelica, 577

Angelica; Fructus, 577

Angelicae Radix, 577



INDEX 743

Angiosperm, development of female Anthocerotales, 419

gametophyte, 292, 474 Anthocyanins, 100

development of male gametophyte, Anthophore, 266

Anthotaxy, 256292, 474

life history of an, 471

Angiospermae, 443

Angiosperms, 15, 443, 471

classes of, 479

distinctions from gymnosperms, Apiol, 577

478

fertilization in, 292

and

sperms

Aniline, blue, 681

brown, 681

chloride, 681

sulphate, 681

Anise, 258, 576

Anisum, 576

Annatto, 565

Annual plants, 162

Annual rings, 205, 206

thickening, 205

Annulus, 67, 407, 433

false, 409

true, 407

Anonacea, 515

Anthemis, 615

Anthemis nobilis, 615

Anther, 274, 277

adnate, 276, 282

attachment of, 282

confluent, 276

dehiscence, 279, 475

development of, 279

extrorse, 282

Figs, of cross sect, of, 278, 280

gross structure of, 277

histology of, 277

innate, 276

introrse, 282

lobes, 277

syngenesious, 276

versatile, 276, 282

Antheridia, 346, 348, 355, 426

Antheridium, 358

Antherozoids, 339, 441

Anthocarp, 298

Anthoceros, 419

Antigonon leptopus, 512

Antipodals, 292

Apetalae, 499

Apii Fructus, 577

Apium graveolens, 577

Apocynacea, 587

Apocynum, 589

Apocynum cannabinum, 587, 589

Apothecia, 388

Apothecium, 388, 416

Appendages, epidermal, 124

Apple, 305, 534

Fig. of flower, 271

Fig. of fruit, 306

Rust, 402

Appressorium, 378

Apricot, 534

Aquifoliacea, 552

Aquilegia, 269

Arabis, 528

Aracea, 487

Arales, 487

Aralia, 575

Aralia hispida, 575

nudicaulis, 575, 576

racemosa, 575

spinosa, 575, 576

Araliacea, 575

Arbor vitae, 465

Arbutus unedo, 579

Archegonia, 422, 426

of pine, 451,452, 453

Archegonium, 69, 418

Archichlamydeae, 499

Arctium Lappa, 615

minus, 612, 616

Arctostaphylos , 580

manzanita, 582

Uva Ursi, 580, 581

Fig. of, 581

Areca Catechu, 487

Areca, 487

Arecolinae Hydrobromidum, 487

Aril, 313
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Arillode. 314

Ansama triphyllum, 487

Aristolochta, 275. 276, 511

reticulata, 512

Serpentaria, 512

sipho, 1 99, 200

Aristolochtacea, 510

Armoracia, 530

Arnica, 614

Arnica montana, 614, 615

Arnicar Radix, 615

Aroma, 535

Arrowroot Famil 314, 492

Artemisia Absinthium, 615

Cina, 615

Artemisia, pollen of, 283

Arthrospores, 369

Arum Family, 487

Arum triphyllum, 487

Arundinaria, 484

Asafoetida, 577

Asagraa officinalis, 490, 491

Asarum, N. F., 512

Asarum, 149, 511

canadensis, 512

Asarum, flower of, 511

tyloses of, 213

Asclepiadacea, 589

Asclepias, 589

Asclepias

latex cells in, 133

pollinia of, 283

Asclepias tuberosa, 589

Ascocarp, 394, 395

Asco-lichens, 413

Ascomycetes, 375, 381

Ascophyllum, 355

Ascospores, 381, 385

Ascus, 381

Fig. of, 387

Ash, 303, 583

Black, 121, 122

Mountain, 74, 535

Asparagine, 88

Asparagus, 88, 188, 490

Aspergillus, 388, 391

differences from Pencillium, 391

jumigatus, 392

glaucus, 391

Aspergillus herbmwmm, 391

rnger, 393, 394

myve, 102, 391, 392

Asperula odorata, 605

Aspidistra, 291

Aspidium, 63, 435

American, 434

A-spidosperm 589

Aspidosperma Quebracho-bianco, 589

Asplemum, 435

don, defined, 225

parenchyma, 1 1

6

Asteracea, 610

Astragalus, 95, 539

Astragalus gummi/er, 95, 639

Atriplex, 514

Atropa, 596

Atropa Belladonna, 88, 697, 698

Atropina, 597

Aurantiea, 545

Aurantii Dulcis Cortex, 546

Amari Cortex, 546

Auricle, 274

Auriculariales, 402

Autecology, 616

Auxin, 104

Auxosporc, 350, 351

Avena, N. 1 , 485

Avena saliva, 485

Awn, 274, 313

Azalea, 579, 580

apples, 403

Azedarach, 548

Azolla, 437

Bacca, 305

Bacillarieac, 348

Bacilli, anthrax, 368

types of, 370

Bacillus, 365, 372

Bacteria, 362, 363

aerobic, 34

amphitrichous, 366

anaerobic, 34

chemical composition of, 369

classification of, accd. to phenom-
ena, 364

morphological, 370

denitrifying, 367
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Bacteria, disease-producing, 373
forms of, 355

higher, 372

iron, 373, 374

lophotrichous, 366

lower, 370

monotrichous, 366

morphology due to cleavage, 367

motility of, 365

nitrifying, 182, 367

nutrition of, 366

parasitic, 366

pathogenic, 374

peritrichous, 366

products of, 367

rapidity of multiplication, 369

reproduction of, 367

saprophytic, 366

sporulation, 368

sulfur, 372, 374

thermophilic, 364

Barteriacea , 371

Bacterial cultures, 364

Bacteriology, defined, 3

Bacterium , 372

Balata, 582

Bald Cypress, 619

Balm, 596

Balmony, 600

Balsam Apple, 608

Balsams, 97, 98

Balsamum Peruvianum, 539

Balsamum Tolutanum, 539

Bamboo, 484

Banana, 305
^^

Banana Family, 492

Baneberry, 518

Banyan, 161

Baptisia, 540

Baptisia tinetoria, 540

Barbaloin, 84

Barberry, 519

rust on, 401

Barberry Family, 515, 519

Bark, defined, 206

Bark, scale, 130

shell, 130

Barley, 75, 259

Fig. of leaf and stem, 243
Fig. of longitudinal section through

root-tip of, 1 56

fruit, 304

starch of, 78, 81

Barosma, 330, 545

betulina, 545, 546

crenulata, 546

serratifolia, 546

Basidiomycetes, 375, 397

Basidiospore, 397

Basidium, defined, 397

Basswood, 559

Bast, fibers, 122

hard, 202

Bast, soft, 202

Batrachospermum, 357

Bauhin, G., 324

Bay Leaves, 574

Bayberry Family, 176, 500

Bayberry wax, 96, 502

Bean Family, 176

Bean, Fig. of, 313

starch of, 82

Bearberry, 580

Bear's Foot Root, 519

Beauty-berry, 593

Beech, 245, 304

Beech Family, 506

Beets, 514

Beggiatoa> 374

Beggiatoacece, 374

Begonia, adventitious buds of, 185

roots of, 160

Fig. of cross sect, of leaf stalk, 117

Begoniacece, 221

Belae Fructus, 546

Belladonna, fruit of, 304

Belladonnae Folium, 597

Belladonnae Radix, 597

Bentham, G., 326

Benthos, 617

Figs, of sections of stem-bark of Benzoin, 97

Cascara Sagrada, 208, 209, Family.

210 Benzoinum.

histology of a typical, 208 Berberidacea>, 279, 515, 519
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Br-iberuL re* I • of stamens to stimu- Bogbean 587

lation, 36

BerberisN I , 519

Berry, defined, 304

Beta, 514

majitima, 514

vulgaris, 514

Betula, 504

Betula alba, 505

Betula L 504, 505

Betula pofmlifolia, 204

Betulacea, 504

Biennial plants, 163

Bifacial leaf blade, 250, 251

Binary division, 45

Binary fission, 28

Binomial system, 325

Biology, defined, 1

Birch Bark, 505

Birch Family, 504

Birthwort Family. 510

Bismark Brown, 681

Bistorta, 513

Bitter Almond, 103

Bittersweet, 188, 189, 596, 599

Climbing 552

Bixa Orellana, 565

Bixacea, 565

Black Alder, 552

Black Caraway, 519

Black Fungi, 395

Black Mold, 377

Black Mustard, 529

Blackberry, 186, 300, 535

Bladder Wrack, 355

Bladderworts, 638, 639

Blakeslee, 357

Blessed Thistle, 615

Bloodroot, 186, 189, 624, 526

Blue Cohosh, 522

Blue 1 lag, 492

Blue Green Algae, 334

mucilage of, 95

Blue Vervain, 593

Bluebell Family, 103, 609, 610

Blueberry, 580, 581

Blue-weed, 592

Bock, H., 324

Bog Mosses, 425

Bold* 248, 522

Bat • t 1 anul\, 522

Bold us, 522

Baletu, 404

edulis, 75, 103

Jelleus, Fig. of, 404

Borage, 592

Borage Family, 91 , 691

Boeaginaci*, 591

Bordgim*, 591, 592

Bork 131

Bmrelia, 373

Baswfllia emterii, 548

Botanical nomenclature, 329

Botany, agricultural, 3

cryptogamic, 3

defined, 1

departments of inquiry, 2

derivation of, 1

economic, 3

geological. 3

importance to man, 4

phanerogamic, 3

pharmaceutical, 3

Botrychium, 434

Botrydium ^38

Bougaimnllea, 514

Bract, 256

Bract leaves, 228

Bracteolar leaf, 227, 256

Bracteoles, 227, 256

Braincr's reagent, 92

Brake fern, 72, 433, 436

Branch Traces, 145

diagrams of, 146

Branching, deliquescent 191

dichotomous, 355

excurrent, 191

of re* 176

Brand spores, 398

Brandy, 556

Brassica, embryo of, 295

Brassica juncea, 530

Brasska napus, 530

Brassica nigra, 1 03, 629, 530

Brauneria angustijolia, 612, 615

pallida, 615

Brayera, 259, 536
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Brazil nut, 569

Brazil wood, 539, 640

Bread mold, 377

Brewer's yeast, 382

Bridal wreath, 535

Bromelin, 103

Brooksilk, 343

Brown Algae, 95, 361

Brown, Robert, 17

Brownian movement, 365

Brucinae Sulfas, 585

Brucine, 85

Brunfelsia Hopeana, 598

hydrangaformis, 598

Bryales, 426

Bryology, 3

Bryonia, 608

Bryonia alba, 607, 608

dioica, 601, 608

Bryony, 607

tendril of, 189

Bryophyllurn, 185

Bryophyta, 13, 418

Bryophytes, 13, 418

Buckbean, 587

Buchnera, 599

Buchu, 95, 546

subepidermal cells of, 108

Buckthorn Family, 554

Buckwheat, 512

family, 314, 512

starch of, 81

Bud, defined, 184

Bud sports, 653

Budding, 45

Buds, 184, 185

Buffalo Berry, 569

Bulb, defined, 192

scaly, 192

tunicated, 192

Bulbel, 189

Bulbil, 189

Bulbs, Figs, of, 191

Bunchberry, 577

Bundles, 140,713

bicollateral, 141, 203

closed collateral, 140

collateral, 140

concentric, 141

Bundles, fibrovascular, 140

open collateral, 140

phlocentric, 141

vascular, 140

xylocentric, 141

Burdock, 612

Burning Bush, 552

Bur-reed, 618

Burseracea, 547

Butomus, anthers of, 277

Buttercup Family, 518

Butterworts, 640

Buttonbush, 603

Buttonwoods, buds of, 185

Cacao Prseparatum, 559

Cactacea, 567

Cactus Family, 567

Cactus Grandiflorus, 568

Ccesalpinia brasiliense, 538, 540

echinata, 538, 640

Sappan, 540

Casalpiniacea, 538, 539

Caesalpinus, 324

Caffeina, 663, 605

Caffeine, 85, 552

micro-chemic test for, 85

Calamus, 147, 487

inflorescence of, 259

Calamus Draco (see Damonorops Draco)

Calceolaria, 275, 600

Calcium, importance of, 156

Calcium oxalate, 89

Fig. of various forms of crystals, 88

how formed, 89

tests for, 89

types of crystals, 89, 90

Calcium pectate, 20

Calendula, 614

Calendula officinalis, 614

California Poppy, 524

California Privet, 170

Calla, 231, 257

Calla Lily, 487

Callicarpa, 593

Callitris quadrivalvis , 466

Calluna, 579

Caltrop Family, 544

Calumba, 521
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Calvptra of inott, 4.

ot t, 158

Calyptrogen, 113, 156

Calyx, 262, 866

aposepalous, 266

bilabiate, 266

caducous, 268

Fig. of, 267

campanulate, 267

chorisepalous, 266

deciduous, 268

defined, 266

epigynous, 269

Fig. of, 267

fugacious, 268

gamosepalous, 266

hypocrateriform, 267

hypogynous, 266

irregular, 267

perigynous, 269

Fig. of, 266

persistent, 268

pctaloid, 266

polysepalous, 266

regular, 267

rotate, 267

synsepalous, 266

tubular, 267

urceolate, 267

Cambium, 114

cork, 114

interfascicular, 169, 172, 196, 201

intrafascicular, 169, 172, 196, 201

origin of, 113

ring, 169, 196, 197

Cambogia, 563

Camelliacea, 563

Campanales, 609

Campanulacea , 609, 610

placcntation in, 288

styles of, 289

Campanulales, 609

Camphora, 523

Camptosorus, 435

Candytuft, 529

Cane sugar, micro-chemic test for, 75

Canella, 565

Canella Winterana, 565

Canellacea, 565

inna Family 49

starch, 82

tt> of, 289

Cannabis, 509

80t

Cape Aloe, 490

Capillitium, 375

Capitulum, 259

Fig. of, 611

Caprtfoliace*, 606

Capselia, 529

Cafisella bursa-posterns

cum
Capsicum 598

jrutiscens

Capsule, 301

histology' of a

Caraway, 258

Carbon cycle, 622

Carboxylase, 104

Carcerulus,

Cardamomi Semen, 49

Cardamom, 300, 313

Cardwspermum, 554

Carica Papaya, 566

Caricace*, 566

Carina, 271

Carnation, 273, 614

Carnauba wax, 96, 487

Carnivorous plants, 62

Carnny fluid, 693

Carotene, 100

Carotin, 42, 99, 100

Carpel, defined, 285

Carpet Weed, 514

Carpimis, 504

Carpogonium, 358

Carpophore, 266, 286,

Carposporcs, 359

Carragheen, 359

Carrion fungi, 411

Carrot, 164

Carthamus, 615

Carthamus tinetorius, 615

Carum, 577

Carum Carvi, 577

Caruncle, 313

Carya, 504

Caryophyllacea, 514



INDEX 149

Caryophyilus, 574

Caryophyllus aromaticas, 573, 574

Caryopsis, 304

Cascara Amarga, 539

Sagrada, 90, 208, 554, 556

Cascarilla, 551

Casparian spots, 128

Casparian strips, 128

Cassava, starch of, 81

Cassia angustifolia, 251

structure of leaflets, 251

Cassia Bark, 524

Buds, 524

Fagot, 524

Cassia Fistula, 539, 640

Cassia Senna, 251, 539

Fig. of, 538

Cassine, 552

Castanea, 507

Castanea dentata, 88, 506, 507

Castilloa elastiea, 101

Castor-oil plant, 550

Castor-oil seed, 312

Cataria, 595

Catechu, 539, 540

Cathartocarpus fistula, 301, 640

Catkin, 259

Catleya, 494

Catnip, 261, 595

Cat-tails, 618

Cauda, 274

Caulicle, 311

Caulophyllum, 519

Caulophyllum thalictroides, 519, 522

Caustics, 33

Ceanothus, 556

Ceanothus americanus, 556

Cedar, 465

Cedrus, 465

Celandine, 524

latex of, 101

Celastracea, 552

Celastrus, 552

Cell, as a fundamental unit, 17

body, 452, 460

formation and reproduction, 44

40

Cell, mother, 292

non-protoplasmic cc

plate, 49

rhizoid, 341

sap, 18, 40

stalk, 452, 460

tube, 292

typical colorless, 18

typical green, 20

Cell walls, 23, 107

behavior of to

agents, 109

micro-chemic re-

cutinized, 109, 123

growth in area and thickness, 108

primary, 23

secondary, 23, 107

silicified, 109

suberized, 109

tertiary, 24, 107

various

each to micro-chei

agents, 109

Celloidin sections, 700, 701

Cells, 10

asexual, 44

column, 321

companion, 134, 135

complementary, 204

egg, 69, 339, 356

epidermal-daughter, 253

germ, 50

guard, 123, 253

neck canal, 69, 422

neighboring, 251

palisade, 321

palisade parenchyma, 117

parenchyma, 116

secretion, 147

somatic, 50

sexual, 44

sperm, 339, 356

sperm mother, 422

sterile, 422

stoma-mother, 253

stone, 119

subsidiary, 251

typical green, 20

re-

living, 17

membranes

canal

wood
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Cdlukae. 107, 109

enzyme hydrolyzing, 102

mucilaginous modification

l 109

Centaurta Cyanus, 615

Centaurium, 587

lentrospermar, 513

Ontury Plant, American, 75

Cephalis acuminata, 605

Ipecacuanha, 603, 606

C/phalanthus, 603

Cephalotus, 629, 635, 638

JalliculariSy 635

Cercoarpus
f
535

Cereus giganteus, 567

Cerevisiae Fermentum Compresmun,

386

Geriman, 487

Cetraria istandica, 414, 417

Chalaza, defined, 287

Chamalirium luteum y
490

Chamomiles, 614

Chora, 346

Chora fragilis, life history, 347

Figs, of, 347, 348

Characea y
346

Charales, 346

Charophyta, 333

Chaulmoogra oil, 565

Chelidonium, 302, 524, 628

majuSy 528

Chelone glabra, 600

Chemotaxy, 33

Chemotropism, 33

Chenopodiacta , 514

pollen of, 283

Chenopodiales, 513

Chenopodium, 304, 514, 619

ambrosoides anthelminticum, 514

Fig. of flower, 265

volatile oil of, 514

Cherry, 305, 535

Bird, 534

Fig. of flower, 270, 534

Fig. of fruit of, 298

Sour, 534

Cherry, Wild Black, 534

Cherry laurel, emulsin in leaves of, 103

Chestnut, 506

Chick Sg2

Chicory, 611,61

Fig. of, 614

Chimaphila, 581

Chimaphila, 579

maculaia. 57!

581

Chinese Galls,

Chionanthus, !

mr 583

Chirata, 587

Chlamydobacteriaccar, 349

Chlamydonumas , 338

Chlamydospore, 398

Chloral Hydrate, 681

Chloral Iodine, 681

Chlorenchyma, 116

Chlorine, role of, 157

Chlorophy 336

Chlorophyll, 22, 42, 98

parenchyma, 116

Chloroplast, 22

Chioroplastids. 42

Chlor-zinc-iodine solution, 682

Choke Berry, 535

Choke Cherry, enzyme in bark

Chondodendron tomentosum, 521

Chondriosomes. 43

Chondrus, 359

360

Choripctakr, 499

Christ's Thorn, 535

Chromatin, 18

Chromatophore, 42,

Chrome-acetic fluid*

Chromc-acetic-form,

Chrom osmium-acc

Chromic acid, fixati

solution of, 682

omio

Chromogens, 364

Chromomeres, 645

Chromophyll, 100

Chromoplastids, 42

Chromosomes, 47,

behavior of di

sion, 646

and
fertilization, 645
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Chromosomes, number of, 50

structure of, 645

Chrysanthemum cinerariajolium, 615

Marschallii, 615

Claviceps purpurea, Fig. of, 396

life history of, 395

Claytonia virginica, 514

Clearing, 695
Chrysanthemum, papillae on epidermis of, Cleavers, 603, 605

124

roseum, 615

Chrysarobinum, 540

Cibotium, 435

Cichorium, 615

dehor ium Intybus, 615

Cilia, 366

Ciliary movement, 39

Cimicituga, 258, 519

Cimicifuga racemosa, 519, 520

Cinchona, 330, 604, 605

Calisaya, 605

Ledgeriana, 605

succirubra, 605

Cinchona U.S. P., 605

Cinchonidinae Sulfas, 605

Cinchoninae Sulfas, 605

Cinnamomum, Burmanii, 524

Camphora, 523

Cassia, 524

Loureirii, 524

Saigonicum, 524

Zeylanicum, 524

Fig. of, 525

Cinnamomum U.S. P., 524

Cinnamon Fern, 433

Cinquefoil, 534, 535

Cistacea, 567

Citric acid, 391

Citromyces, 391

Citrullus colocynthis, 608

vulgaris, 608

Citrus, 545

Aurantium, 544, 545, 546

var. Bergamia, 546

var. sinensis, 546

medica var. Limon, 546

Cladonia, 414

rangiferina, 417

Class, 327

naming of, 332

Classification, principles of, 323

Clavaria flava, Fig. of, 403

Clavariales, 403

Clematis, 518

Clove, 149, 282, 574

Clove Bark, 524

Clover, 538

Club Fungi, 375

Club Mosses, 431, 439

Cnicus benedictus, 615

Coalescence, 265

Coca, 241, 544

Coca Family, 543

Cocaina, 544

Cocaine, 85

micro-chemic test for, 85

Coccacea, 371

Coccoloba uvifera, 512

Cocculus, 521

Coccus, 365

Cocklearia Armoracia, 530

Cocillana, 548

Cocoa, 85

Cocoanut, 486

Fig. of fruit, cut vertically, 306

Palm, 485, 486

Cocoanut oil, 487

Cocos nucifera, 487

Codeine, 87, 527

Coenocyte, 325

Coenocytic latex cells, 133

Coffea arabica, 605

liberica, 605

Coffea Tosta, 605

Coffee, 85, 605

Cohesion, 265

Coix Lacryma-Jobi, 485

Cola Family, 557

Cola nitida, 559

Colchici Cormus, 490

Colchici Semen, 490

Colchicine, micro-chemic test for, 8

Colchicum, 192, 300

seed, 313

Colchicum autumnale, 87, 490

Coleoptile, 318

Coleorhiza, 318



752 I s Dt

CoUcnchyma, 65, 117

CoUiotonia, S96

Callmnmi* tmmdmu, 5%
Colloids, SO

Colocasm tscutenia, 487

Colocynth, 607

Colocynthis, 608

Coltsfoot, 612

•

490, 491

histology of rfaiaomr, 215

vaiiarUr K ix, 490

(lore*, 49

1

Columbine, 266, 518

Columella, 378

Coma, 313

Combretacea, 5"
I

Combrctum, 574

Combrctum sundaicum, 5

Comfrey, 592, 593

Commiphora abyssinica,

myrrha, 548

Companion cells, 134

Composite, 609

Compressed yeast, 38*

Cmmlmdms, S91

Cmuotmius &«mmm, 690, 691

Copaiba, 540

Capemtcia cert/era, 96. 467

acetate test for tannins, '

• #.»

test for resins, 98

Coptis, 519

Copiu ocadentalis, 519

tnjolia, 519

Coral fungi 403

Corallin-soda solution, 682

502

Comptonia asplenia

Corallorhiza odontorki-a, 4%
Coriandrum, 577

Conundrum sativum, 577

Cork 129,207

commercial, 506

microc hemic tests for, 109

photomicrograph of long, -section Cork cambium, 114, 129

catkin of, origin in roots, 169through staminate

259

tubercles on, 179

Conceptacies of Fucus, 355

Figs, of, 356, 358, 359

Condurango, 589

Cone, defined, 307

Figs, of, 447, 448, 449

Confervales, 341

Conidia, 390

Conidiophore, 390

Conidiospores, 390

Conifcra, 84, 253, 465

Coniferales, 455, 464

Coniferin, micro-chemic te

Conifers, 443, 444

Wood of, 139

Conium, 163, 677

Conium maculatum, 677, 678

Conjugales, 342

Conjugation, 46, 342

lateral, 346

scalariform, 345

Connation, 265

Connective, 274

Convaliaria, 258

origin in stems, ,202

Cork formation in roots, 169

in stems, 200, 202

Corm, defined, 192

Fig, of, 191

Corn, 484

fruit, 304

histology of seed, 315

histology of stem, 215, 216
inflorescences, 483

leaves, 124

root, Fig. of cross section, 128

seed, 315

seedling, 316, 319

smut, 397

Fig. of, 398

starch, 79, 80

Corn Cockle, 514

Comaefa, 577

Cornua, defined, 274

Cornus, 579

Cornus canadensis, 577

ftorida, 577, 579

sanguinea, 511
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Corolla, 262

apopetalous, 270

bilabiate, 271

campanulate, 272

caryophyllaceous, 273

choripetalous, 270

crateriform, 272

cruciform, 270

defined, 269

forms of, 273

gamopetalous, 270

hypocrateriform, 272

infundibuliform, 272

labiate, 271

ligulate, 271

papilionaceous, 270

personate, 272

polypetalous, 270

ringent, 272

rotate, 272

synpetalous, 270

tubular, 272

urceolate, 272

Corona, 274

Cortex, 206, 215

primary, 167, 195

secondary, 169, 202

Corticium, 403

Corydalis, 528

Corylus, 504

Corymb, 258

Corynanthe Johimbi, 605

Corynebacterium, 372

diphtheria, 373

Cosmarium, Fig. of, 338

Coto, 524

Cotoneaster, 535

Cotton, 126, 561

Cottonwood, Fig. of twig of, 185

Cotyledons, 227, 811, 312

function of, 311

Couch grass, structure of stem oi

Cowhage, 540

Craf fluid, 693

Cranberries, 581, 619

Cranesbill, 542

Crassulacea, 221

Crategus, 535

Cremocarp, 303

219

Crenothrix, 373

Fig. of, 371

Cribiform tissue, 133

Crocus, 191, 192, 491, 492

Crocus sativus, 492

Cronartium ribicola, 401

Croton Eluteria, 551

Croton Tiglium, 551

Crowfoot Family, 243, 515

Crown, 274

Crucifera, 103, 268, 528, 630

Crude sap, 117

Cryptogamia, 325

ams

vascular, 431

Crystal fibers, 90

Crystal sand, 91

Crystalloids, 94

Crystals, columnar, 89

membrane, 90

micro-, 90, 91

raphides, 89

rosette aggregate, 89

solitary, 89

Cube Root, 540

Cubeba, 499

Cucumber, 607

Cucurbita Pepo, 608

Cucurbitaceat, 607

Cucurbitales, 607

Cudbear, 416

Culm, 188

Culver's Root, 600

Cup Fungi, 387

Cuphea, 570

Cupule, 297, 304, 507

Cupules, of liverwort, 420

Cupulifera, 506

Cuprea Bark, 605

Curare, 585

Curcuma, 492

Curcuma longa, 492

Zedoaria, 492

Currant, 189, 304

Cusparia Bark, 546

Custard Apple Family, 515

Cutin, 24, 107, 128

Cyanogenetic glucosides, 84

Cyanophyceae, 334
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Cyathtace*, 434

Cycadales, 455

CycadoBlices, 455

Cycads, 253, 455

Cycas revoluta,

Fig. of, 456

Cydomo vulgaris, 536

Fig. of fruit, 267

Cydonium, 536

Cylindrospemmm, 336

Cymbopogon Nardus, 48!

Cymbopogon Wintertonus.

Cyme, 260

Dichasial, 260

Scorpioid, 260

Simple, 260

Cynoglossvm officinale, 5S

Cyperaceae, 483

Cypripedia, 495

Cypripedium, 496

Cypripedium bulbosum, 4

parviflorum, 496

pubescens, 496

Cyst, 28

Cystocarps, 359

Cystolith, 90, 91, 602

hair, 91

Cytase, 102

of branch, 2

Scoparius, 540

Cytology, defined, 2

Cytoplasm, 18, 40

Cytoplasmic caps, 47

Cytoplasmic rotation.

Czapeck's medium, 3

Dacromyces deliquescens, 402

Dacromycetales, 402

Damonorops Draco, 487

Daffodil, 192, 257

Dahlia, 162, 611

Daisy, 611

Daisy Family, 609, 610

Damiana, 566

Dammar, 466

Dandelion, 189, 611

Daphne Gnidium, 570

Laureola, 570

Al*&r

D*rti*£t*mc

Ctlt/

670

,611 03
DVNfa, (

, 634, 627, 054, 056

Darv »'• Theor >4

llate palm, 486

Dmtura Strtmmumm, 597

frui! of, 297

De Candotlc, A
De CandoUr Alphoo«r

P., 3.

IU>I 364

De Jusneu

I>e Lamarck, J. B

De Tourndbrt, J. I

Deadly agaric, 408

Deadly Nightshade

Decay

Dicodon, 570

I3ehiscence, apical in fruits, 2

apical porous in anthrrs,

rircumscwile, 299

in anthers, 279

in fruits, 298

loculicidal, 300

longitudinal anther, 279

•epticidal. 299. 300

300

transverse

valvular-fruit, 299
tisus laburnum, Fig. of cross sect. Dehyd

Delafield's turmatox

Delphinium, 519

Delphimum Ajacis, 519

Staphisagria, 519

Denitrification, 367

Dermatogen, 1 13

Denis, 540

Derris elliptica, 540

Derris malaccensis. 540

Desmid, 342

Desmidacea, 342

Desmodium, 301

Determinate inflorescences

Deuteromycetes, 376

Deutzia, trichomes on leav

Devil's Aprons, 354
Dewberry, 300

Dextrin, 82

corn. 80. 82

oody materials
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Dextrin, white, 82

yellow, 82

Dextrose, 74, 486

Diageotropic, 36

Dianthera, 603

Diastase, 102, 485

Diatoma intlgare, 350

Diatomaceous Earth, 350

Diatoms, 91, 348

Fossil, 352

Dicentra canadensis, 528

Cucullaria, 528

Dicotyl Plant, morphology of type, 497

Dicotyl Root, histology of, 167

Dioscoreaceae, 491

Dioscorides, 2, 330

Diosma, 545

Diplococcus, 367, 368

Dipsacece, 608

Disaccharoses, 74, 75

Dissepiments, 285

Division, by cleavage furrows, 378

simple, defined, 28

Division of labor, 16

Docks, 283, 512

Dodder, 161, 188, 228

Figs, of, 162

Dog Bane Family, 587

of transitional and secondary Dog's Tooth Violet, life history of, 471

growth, 169

Dicotyl Roots, abnormal structure of,

175

Dicotyl Seed, 319

histology of, 320, 321

Dicotyl Stems, exceptional types of, 203

structure of, 194-204

Dicotyledoneae, 479, 497

Dicotyledons, 16, 479, 497

development of embryo in, 295

drug yielding, 499

leaves of, 232, 255

petiole of, 243

roots of, 167

stems of, 194, 199

Dictyostele, 145, 199

Dictyotales, 353

Dicypellium caryophyllatum, 524

Dietvilla, 606

Differentiation, 16

Diffusion, 153

Digestion, defined, 26, 67

Digitalis, 163, 256, 275, 599, 600

Digitalis Pulverata, 600

Digitalis purpurea, 84, 600

trichomes of, 124, 125

var. gloxinceflora, Fig. of, 601

Digitoxin, micro-chemic test for, 84

Dihybrids, 649

Dioecious, 264, 418

Dionaa, 35, 530

Submerged, 625

Dioncea muscipula, 35, 36, 625

Dioscorea villosa, 491

Dogwood, 256, 261

Blood Twig, 577

Fig. of flowering branch of, 261

Flowering, 577

Dogwood Family, 577

Dorema Ammoniacum, 577

Douglas Fir, 214, 465

Draccena, stem of, 220

Dracana Draco, 489

Dragon's Blood, 487, 489

Draparnaldia, 338

Drimys Winteri, 516

Drosera, 530

Drosera, 36, 622

anglica, 530

longifolia, 530

rotundijolia, 530, 623

Droseracea, 530

Drupe, 305

Fig. of, 306

Dryopteris, 435

Dryopteris Filix-mas, 53, 435

alternation of generations in, 71

comparative physiology of root,

stem and leaf, 63

diagram of life cycle, 72

Fig. of, 54

gross structure of frond, 55

sori and sporangia, 66

stem, 53

histology of growing apex, 58

mature root, 58

pinnule, 61, 62

root apex, 60
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Dryopteris Filix-mas, histology of grow- Embryology, defined, 2

66

stem, 55

stipe, 60

sporangia, Embryo-sac, 287, 449, 474

Figs, of trans. -sect., 61

maturation of, 292, 474

Emetinae Hydrochloridum, 605

Emulsin, 103

Endocarp, 298 '

history of gametophyte genera- Endodermis, 127

tion, 67

sporophyte generation, 53

life history of, 53

Endoperidium, 410

Endoplasm, 25, 43, 374

Endosmosis, 154
origin of new sporophyte or diploid Endosperm, 293, 314

plant from fertilized egg, 71

Dryopteris marginalis, 432, 435

Duboisia, 598

Duboisia myoporoides, 598

Dujardin, 17

Dulcamara, 598

Duramen, 213

Earth Stars, 410

Ebenales, 581

Eberthella typhi, 373

Ecballium Elaterium, 608

Echinacea, 615

Echinocactus, 567

Echinocereus, 567

Echium, 592

Ecology, 3, 616

Economic Botany, defined, 3

Ectocarpus siliculosus, 352

Ectoplasm, 25, 43, 374

Egg Plant, 304, 597

Eichler, A. W., 326

Elaagnacea, 569

Elaioplastids, 42, 133

Elceis guineensis, 487

Elastica, 551

Elaterinum, 608

Elaters, 422, 437

Elder, 606

Elettaria Cardamomum, 492

Elm, 303

Slippery, 506

Elm Family, 507

Elodea, 20

Embryo, 8, 295, 311, 452

Figs, showing development of,

294, 295

parts of, 311

Endospore, 282, 292

Endospores, 369, 378, 381

Endosporium, 68, 475

Endothecium, 278, 280

Endotoxins, 370

Engler and Prantl, 326

English ivy, 575

roots of, 161

Entada scandens, 301

Enzyme, defined, 26, 101

Enzymes, 101

classification of, i02

proteolytic, 94, 103

Eosin, 682

Ephedra, 467, 468, 469, 470
Ephedra distachya, 471

Ephedra equisetina, All

Ephedra Gerardiana, 471

Ephedra sinica, 468, 470, 471

Ephedrine, 471

Epicalyx, 269, 535

Epicarp, 298

Epicotyl, 311

Epidermal outgrowths, 124

hairs, 124

papillae, 124

scales, 124

Epidermis, 122

Epigaa repens, 581

Epilobium, 569

Epiphytes, 161

Epipremnum pinnatum, 487
Epithem, 124

Equisetineae, 91, 431, 437
Equiseturn, 437

arvense, 438

life history of, 43
Ergonovine, 397
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Ergot, 395, 397

Ergot fungus, 395

Erica, 580

Ericacea, 279, 579

Ericales, 579

Erigeron canadensis, 615

Eriodictyon, 591

Eriodictyon calif"ornicum, 591, 592

trichomes of, 125

Eriogonum, 512

Erythraa Centaurium, 587

Euphrasia officinalis, 600

Eurotium, 391

Evening Primrose, 282, i

Everlasting, 615

Evolution, 653

Evonymus, 313, 552

Evonymus Americanus, 553

atropurpureus, 553

Europaus, 552

Eye-bright, 600

Excretion, defined, 27

657

Erythronium Americanum, life history of, Exine, 281, 292

471

Erythroxylacea, 543

Erythroxylon, 543

papillae on epidermis, 132

Erythroxylon Coca, 544

Truxillense, 544

Eschscholtzia, 524

Essential elements, 155

Etaerio, 306

Ether, use of, 682

Ethylhydrocupreine, 605

Etiolin, 100

Eubatus, 536

Eucalypti Gummi, 574

Eucalyptol, 574

Eucalyptus, 574

Eucalyptus, 186, 573

globulus, 572

lamina, 250

leaves, internal glands of, 148

photomicrograph of trans, se

leaf-blade, 252

rostrata, 95

Eucarya spicata, 510

Eudorina, 338

Eugenol, 574

Eumycetes, 375

Euonymus, 553

Eupatorium, 614

Eupatorium perfoliatum, 232, 614

Eupatorium purpureum, 615

Euphorbia, 133, 188, 550, 551

pilulifera, 551

resinifera, 551

Euphorbiacece, 550

Euphorbium, 101, 551

Euphrasia, 599, 600

'

Exoascus, 381

Exobasidiales, 403

Exogonium Jalapa, 591

Exoperidium, 410

Exosmosis, 154

Exospore, 281

Exosporium, 68, 439, 475

Exothecium, 278

Exotoxins, 370

Fabacea, 536

Fagacea, 506

Fagales, 504

Fagopyrum, 512

Fagot Cassia, 524

Fagus, 330

Fagus grandifolia, 506

aming

Family

naming of, 332

of Farfara, 615

Fast Green, 682

Fats, 95

Fatsia horrida, 575
*

Fehling's solution, 682

Fennel, 258, 576

Fenugreek, 540

Ferment, 101

Fermentation, 364

Fern, antheridium, 68, 71

apical cell, 58

apical cone, 58

archegonium, 69, 69

Beech, 435

Boston, 653

Brake, 433, 435

Christmas, 435
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Frrn, Cinnamon, 433

foot of, 7 1 , 433

frond of, 55

Interrupted, 436

leaves of, 53, 434

Male, S3

prothallium, 68, 70

Royal, 436

Sensitive, 433

sorus, 67

spermatozoids of, 68, 70

Walking-leaf, 435

Wood, 435

Fern Palms, 443, 455

Ferns, 431

True, 434

Water, 436

Ferric chloride, solution of, 683

Fertilization, cross, 291

defined, 46

double, 293

in angiosperms, 292

in White Pine, 452

in Zamia, 461

self, 291

Ferula Assafatida, 577

fvtida, 577

galbaniflua, 577

Sumbul,576

Fibers, 120

Fibro-vascular bundles, 140

bicollateral, 141

closed collateral, 140

collateral, 140

concentric, 141

open collateral, 140

phlocentric, 141

primary, 196

radial, 142

secondary, 198

xylocentric, 141

Ficus, 510

Fiats, 248, 507

Carica
y 510

elastica, 101

petiole of', 245

religiosa, 161

Fig, 507, 509

Figwort Family, 599

lament, 2^4

gross structure of, 277

histology of, 277

Filbert. 297

Filiiales, 434

Filicinejr, 431

r, 465

won. 46, 367

of Amoeba, 28

Fuhili*m, 404

1 ixation, 692

of atmospheric nitrogen, 178

Fixed oils, 95

Fixing agents, 692

Flacourtia Family, 565

Flacourtiact*, 565

Flagclla, 339,

Flagellata, 333

Flagellates, 339

Flax. 542

bast fibers of, 118

New Zealand, 249

Flax Family, 542

Flemming fluids, 694

Flora, defined, 2

Flora Cyani, 615

Florideae, 357

Flower, ace - • • organs or, 262

actinomorphn . 262

complete, 262

defined, 262

diagram of, 476

diandrous, 274

dichlamydeous, 266

die li nous, 264
919 ublc, 263

epigynous, 264

•essential organs of, 262

hermaphrodite, 262

hrxandrous, 274

hypogynous, 264

(perfect, 262

irregular, 262

lilia< eous, 271

monandrous, 274

monochlamydcous, 266

monoc linous, 264

neutral, 263

orchidaceous, 271
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Flower, pentandrous, 274

perfect, 262

perigynous, 264

pistillate, 263

polyandrous, 274

protandrous, 291

protogynous, 291

regular, 262

staminate, 263

symmetrical, 263

tetrandrous, 274

triandrous, 274

typical, 262

zygomorphic, 263

Fly agaric, 407

Fly-traps, 530, 625 '

Foeniculum, 576

histology of mericarp of, 309

Foeniculum vulgare, 576

Folia Laurocerasi, 536

Foliage leaves, 228

Follicle, (See pod.), 301
*

Fomes, 404

Foot, 71, 428

Foramen, 287

Forestry, defined, 3

Forget-me-not, 592

Formalin-alcohol, 694

Forsythia, 583

Fothergilla, 532

Four-o'clock Family, 514

Fovilla, 475

Foxglove, 599, 601

Fragaria, 269, 535

Fragaria chiloensis, Fig. of flower, 268

Frangula, 556

Frangulin, 103

Fraxinus, 583
V

Fraxinus Americana, 583

Ornus, 583

Free cell formation, 45

Frond, 55, 431

Fronds, 53, 431, 432

fertile, 434

sterile, 434

Fructose, 74

Fructus Cannabis, 510

Fruit, 8, 297

definition, 297

Fruit, dehiscence, 298

indehiscent, 298

structure, 297

sutures, 298

valves, 298

Fruits, achenial, 300

aggregate, 300, 305

Fig. of, 299

baccate, 300, 304

capsular, 300, 301

classification of, 300

compound, 300, 301

dehiscent, 298, 300

drupaceous, 300, 301

indehiscent, 298, 300

multiple, 300, 306

schizocarpic, 300

simple, 300

Fucales, 352, 354

Fuchs, L., 324

Fuchsia, 569

Fuchsin, acid, 683

basic, 683

Fucoxanthin, 100, 351

Fucus, drug, 357

Fucus, 355

Fucus vesiculosus, 355

Fumariacea, 528

Fumitory Family, 528

Funaria, 426

Fig. of, 429

Fundamental tissue, 116

Fungi, 12, 362

alga-like, 376

basidia, 397

black, 395

carrion, 411

classes of, 362

coral, 403

cup, 387

fairy club, 403

fission, 363

gill, 405

nest, 410

poisonous, 407

pore, 404

sac, 381

saddle, 394

stink horn, 411



760 IADUX

Fungi, tooth, 404

true, 362, 375

weeping, 402

Fungi Imperfect!, 412

Funiculus, 287

Funiumia ajneama, 101

elastica, 101

Gaillonella, 352

Galanga, 492

Galbanurn. 577

Galbulus, defined, 3(

Galea, 268

Galega, 540

Galega officinalis, 540

Galen, 2

Galipea officinalis, 546

Galium, 603, 604

Galium aperine, 605

Galla, 92, 507

Galls, Chinese, 552

Japanese, 552

Galton's Law, 652

Galvanotropism, 36

Gambir, 605

Gamboge, 563

Gamboge family, 56!

Gamctancria. 353

Gametangi

344

Gametophyte, 68, 418, 420, 458

female, 292, 294, 450, 451

male, 292, 449, 450, 458

Gamopetalac, 579

Garcinia Hanburyi, 563

Garlic, 189, 277

Fig. of bulb, 191

Gasteromycetes, 410

Gaultherase, 103

Gaultheria, 581

Gaultheria, enzyme in, 103

Gaultheria procumbens, 579, 581

Gaultherin, 103

Gaylussacia, 580, 581

Geaster, 410

Gelidiacece, 361

Gelidium, 361

Gelsemium. 585

Gfhemimn % 583

umptrnrm 584, 586

item, 204

Gemnur 421

Gemmation, 46, 385

Genera Plantarum, 326

Generative QKues, 113

Generic names, 3 >

Gene, modern theory oi,

Genes, 1 8, 646

Genetics, 3, 643

Genotype, 647

Gentian violet, solutions ot

Gentian Family, 585

Gentiana, 587

Genttana ataulis, 586

lutea, 585, 686, 587

werna, 586

Gentianacea, 585

Gentianales, 583

Generic name. 329

Genus, defined, 327

Geolotncal Botany, defined,

Geotropism, 35

dia-, 36

lateral. 36

Geraniacea, 540

Geraniales, 540

Geranium, 542

Geranium, 541

fruit of, 301

maculaturn, 542

petiolar structure, 245

Geranium Family, 540

Gerardia, 161, 599

Germination, seed, 318, 453

Geum, 266, 269, 635

Gieartina mamillosa. 359. 360

• _Gills of mushr

Ginger, 147

Family, 492

Fig. of plant, 49

Ginkgo biloba, 463

Ginkgoales, 455, 463

Ginseng, 575, 576

American, 576

Chinese, 576

Ginseng Family, 575

Gladiolus, 491

,405
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Glands, external, 151

internal, 148

Glans, defined, 304

Gleba, 410

Gliadins, 93

Globoid, 94

Globulins, 93

Glceocapsa, 335

Fig. of, 334

Glomerule, 261, 577

Glory-bower, 593

Gluco-alkaloids, 87

Glucoside enzymes, 103

Glucosides, characteristics of, 83

Glucosum, 485

Glumes, 484

Glutelins, 93

Glycerine, dilute, 683

gum, 683

Glycerin-Gelatin, 691

Glycine hispida, 482

Glycosides, 83

Glycyrrhiza, 215, 639

glabra, 637, 539

glandulifera, 539

typica, 539

Gnaphalium polycephalum, 615

Gnetacea, 469

Gnetales, 469

Gnetum, 469, 470

Golden Bell, 583

Golden Seal, 518, 620

Gonidia, 414

Gonophore, 266

Gooseberry, 305

Goosefoot, Fig. of flower, 265

Goosefoots, 619

Goosefoot Family, 514

Gossypii Radicis Cortex, 561

Gossypium, 561

Barbadense, 561

herbaceum, 560, 561, 562

Gossypium hursutum, 560, 561, 562

Gossypium Purificatum, 561

Gourd, defined, 305

Gourd Family, 607

Grain, defined, 304

Grains of Paradise, 492

Graminales, 483

Graminece, 91, 304, 484

pollen of, 267

silica in, 91

Gram's method, 351

Granatacea, 570

Granati Fructus Cortex, 571

Granatum, 92, 571

Grape, 188, 261, 304, 557

Grape Family, 556

Grape Fruit, 305, 545

Grape Sugar, 57

Grape Vine, 202, 556

tendrils of, 189

Graphis, 414

Grass, diagram of flower, 562

petiole of, 242

Grass Family, 259, 304, 484

Greek Tea, 596

Green Algae, 336

Felt, 346

Mold, 388

Greenbrier, histology of stem, 217

Fig. of T. S. stem, 218

Grindelia, 615

Grindelia camporum, 615

cuneijolia, 615

squarrosa, 612, 615

Gross anatomy, defined, 2

Ground Cherry, 297

Ground Ivy, 594

Ground meristem, 113

Growth, 26

of perennial dicotyl stem, 199

Gruinales, 540

Guaiac, 544

Guaiaci Lignum, 545

Guaiacum, 544

Guajacum officinale, 544, 545

sanctum, 543, 544, 545

Guarana, 554

Guard cells, 253

Guarea Rusbyi, 548

Gulf Weed, 355

Gum, 95

Cherry, 95

Kauri, 466

Red, 95

Spruce, 466
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Gum resins, *)7

defined, 98

Gums, 94, 95

iutta Perch 1 01, 682

Gutujn*, 563

I mnosperm, life hiftory of a, 444

Gymnosperuur, 443

I fymnosperiiLs, 15, 443

clarification of, 455

differences from angiosperu 438

Gynorcium, 262, 283

// lis

Figs, erf forms of, 286

Gynophore, 266

Fig. of, 286

Haberlandt, 123

Habitat, defined, 3

Hackberry, 507

Hadrome, 142

Hematoxylin stain, 683

Haematoxylon, 539, 540

Huematoxylon campechianum, 540

Hagenia abyssinica, 536

Hair cystoliths, 91

Hairs, aggregate, 125

barbed, 124

branched, 125, 126

candelabra-shaped, 124

clavate, 124

climbing, 126

epidermal, 124

functions of, 127

glandular, 126

hooked, 124, 126

multicellular, 124

multiseriate, 126

non-glandular, 124, 126

root, 127, 152, 154

stellate, 124, 125

stinging, 126

tufted, 124

unicellular, 125, 126

uniseriate, 125, 126

Halidrys siliquosa
y
357

Halophytes, 164, 617, 618

Haloxyion , 514

Hamamelidacea, 531

Hamamelidis Cortex, 532

Hamamelidis Folium, 532

Virginia

F
iff. at, 533

532

1 1anewma, latex in, 101

Hard Bast, 20

J

Hardening, of soft material*,

Harebell, 272, 277

Haustoria, 161

of fungi, 362

Hawkweeds, 614

Hawthorn, 258, 535

Hay Fever, pollens

Hazelnuts, 504

Head, defined. 259

«Kll • iibk for, 283

• it 213Heart-v

Heath, 273

Heath Family, 579

Heather, 579

Hedeoma, 595

Hedeoma pulegioides, 59

Hedera Helix, 575

Heliamphora, 629

nutans, 629

Helianthemum, 567

Helianthemum canadense

Heliconia, 253

Heliotropea, 591, 592

Hcliotropism. 34

Hellcborus. 519

Helleborus Jcttidus, 519

Hflleborus niger, 519

Helonias, 490

Hclophytcs, 617, 618

Helvellalcs, 394

Hemlock, 465

Hemophilus, 373

Hemp, 507, 508

teed, 510

Henbane, 597

Fig. of < alyx, 266

Henna, 570

Hepatic*, 13, 418

Hepburn, 101,627

fined

190evergreen,

Herba Majoranae, 596

Hercules Club, 575

Heredity, 643

Hesperidin, 83

Hcsperidiuin, 305
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Heteroauxin, 104

Heterocysts, 336

Heuchera, 531

Hevea, 550

latex of, '101

Hevea braziliensis, 551

Hibiscus, flower of, 267

Hibiscus abelmoschus, 562

Hibiscus Syriacus, 560

Hickories, 504

stems of, 202

Hilum,

of ovule, 287

of seed, 321

of starch grain, 77

Hip, defined, 304

Histological technique, 675

Histology, defined, 2

of dicotyl roots, 1 67

of Aconitum, 175

of annual dicotyl stem, 1 94

of anther, 277

of Aristolochia Sipho stem, 1 99

of bark, 208

of California Privet root, 1 70

of Cascara Sagrada, 208

of Gonvallaria rhizome, 215, 217

Corn stem, 216

Histology, of monocotyl roots, 165

of monocotyl stems, herbaceous,

215

woody, 217

of perennial dicotyl stem, 199. 202
of petioles, 242, 244

of seeds, 315

of sunflower stem, 1 94

of typical monocotyl rhizome, 215
of Vanilla capsule, 307

Holdfast, 355

Holly, 552

Hollyhock, 401

Honey dew, 395

Honey Locust, 189

Honeysuckle, 272, 291, 305, 606
Honeysuckle Family, 606

Hooke, Robert, 17

Hooker, J. D., 326

Hop, 127, 188, 269, 291, 507

Fig. of, 508

Hordeum vulgare, 485

Horehound, 261, 696

Hormogoniaj 336

Hormones, 104

Hornbeam, 504

Horse chestnut, 187, 256

Horsemint. 594. 596
of dicotyl roots, of primary growth, Horsenettle, 596

167

of secondary growth, 169

stems

of dicotyl tuberous root, 175

of Ephedra sinica stem, 469, 470

of fern rhizome apex, 58

pinnule, 61

root, 58

sori and sporangia,

stem (rhizome), 55

stipe, 60

of filament, 277

of fruits, 307

of grass stems, 219

of Greenbrier stem, 217

Horsetails, 431, 437

Horticulture, defined, 3

Hound's Tongue, 593

Houseleek, 96, 189

Huckelberries, 581

Hudsonia, 567

Humulus, 510

glandular trichomes of,

Humulus Lupulus, 510

Hutchinson, J., 326

Huxley, 30, 31

Hyacinth, 489

Hybrid, defined, 329

Hybrids, "Splitting of,
55 645

of herbaceous monocotyl stem, 215 Hydathode, 124

of leaves, 247

of Lilac leaf blade, 247

of mericarp, 309

of monocotyl rhizome, 215

Hydnacea, 404

Hydnocarpus anthelmintica, 565

Wight

Hydnum, 404
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HyJraag9a 9
[ixdriu 298.300

,531

Hydrastis, 260, 618

Hydrastis canadensis

Fig. of, 517

620

Hydrochloric id, 684

Hydrodictyon, 338

Ihdrophyllacea, 591

Hydrophytes, 164, 617

Hydropteralcs, 436

Hydrotropism, 34

Hymenium, 402

Fig. of, 406

Hymenomycetes, 402

Hyoscyamus U.S. P., 598

fruit of, 301

Hyoscyamus muticus, 125, II

niger, 598

Fig. of calyx, 266

Hypericacea y
564

Hypericum, 276, 665

perforatum, 564, 565

Hypha, defined, 362

Hypha% aerial, 377, 389

rhizoidal, 377

stoloniferous, 377

submerged, 377, 389

Hyphomycetes, 333, 362

Hypocotyl, 311

Hypocreacea, 395

Hyssopus, 596

Hyssopus officinalis, 596

Iceland Moss, 414

Ignatia, 585

Ilex opaca, 552

paraguariensis, 552

verticillata> 552

vomitoria, 85

Ilicacect, 552

lllicium verum, 516

Imbedding, celloidin, 699

of woody plant organ

paraffine, 695, 699

Impatiens, 330

Imperatoria, 477

Imperatoria Ostruthium, 477

Inclusions, 74

I

Uulcirnumatc inrtora

ndian Corn, 315,
')'

Fig*, of grain an^
histology of teed,

rli ,256

i.in 267

Indian Hemp, 509

Indian Pipe, 580

Indian Turnip, 487

Indigenous, denned, 3

Indigo, 540

Indigojera timctoria, 540

Indirect nuclear division, 47

Indusium, 67, 433

Inflorescence, ascending, 256

centrifugal, 256

centripetal, 256, 257

cymose, 256

denned, 256

descending, 256

determinate, 256, 269

indeterminate, 256, 257

mixed, 256

racemose, 256

solitary determinate, 260

solitary indeterminate, 258

Ingestion, 26

Inheritance, 643, 652

Integuments of angiospermous ovule,

287

Int< rcellular-air-spaces, lysigenous, 147

schizogf nous 147

Internal glands, 148

lysigenous, 149

schizop' nous, 149

Internal phloem, 204

Internal secretion reservoirs, 148

Internodc, defm 1, 186

Inline, 282, 292

Intussusception, 27, 31, 108

Inula, 615

Inula Helenium, 615

Inulase, 103

Inulin, 82

Invertase, 76, 102

Involucre, 256

Involucres, persistent, 297

Iodine, a source of, 354
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Iodine and potassium iodide, solution of,

684

Iodine water, 684

Ipecac, 603

Ipecacuanha, 605

Ipomoea, 591

Ipomoea orizabensis, 591

pandurata, 591

simulans, 591

Iridacea, 491

Iris, 300, 491

caroliniana, 492

Family, 492

florentina, 492

germanica, 492

• pallida, 492

petiole of, 249

style of, 289

versicolor, 492

Irish Dulse, 361

Moss, 359

Iron, as an essential element, 157

Ironwood, 504

Irritability, 31

Isoetacea, 442

Isoetes, 442

Ivy, 188

English, 575

glan;

Jnl

Jacket, 451

Jack-in-the-pulpit, 192

Jalap, 590

abnormal root structure, 175

Tampico, 591

Wild, 591

Jalapa, 591

Jamestown weed, 297

Japan ivy, 189

Japan wax, 96

Japanese Galls, 552

Jateorhiza palmata, 521

Fig. of, 523

Jequirity, 540

Jerusalem Artichoke, 192, 611

Jew's ear fungus, 402

Job's Tears, 485

Juglandacece, 502

pollen of, 283

Jaglandales, 502

nigra, 504

regia, 504

Jungermanniales, 419

Juniper, 465

Juniperus, 466

Juniperus, 465

communis, 466

Oxycedrus, 466

Sabina, 466

Virginiana, 402, 466

Jussieu, A. L., 325

Jute, bast fiber of, 120

Kalmia, 580

latifolia, corolla of, 272

Kamala, 551

trichomes of, 125

Karyokinesis, 47

Katabolism, 31

Kava, 499

Keel, 274, 538

Kelps, 353

Figs, of, 354, 355

Kernel, 314

Kieselguhr, 350

Kino, 92, 540

Knot-grasses, 512

Kochia, 514

Kola, 85, 659

Krameria, 92, 640

Krameria argentea, 540

triandra, 540

Kuhne, 36

Labarraque's solution, 684

Labelium, 271

Labiate, 261, 693

Labrador tea, 619

Lacknea, 387

Lactase, 102

Lactose, 102

Lactuca virosa, 615

Lactucarium, 101, 616

Lamarck, J. B., 653, 654

Lamarckian Theory, 653

Lamiacea, 593
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Lamina, defined, 55, 246

forms of, 234

mode of development of, 246

IMmtnana, 354

Fig. of, 355

Laminaria digtiata, 355

Laminariaies, 352, 363

Landolphia, latex of, iol

Lappa, 612, 615

Larch, 465

Larix
9 465

Larix Ewropaa, 466

Larix lariana, 466

Larkspur, 518

calyx of, 263, 266

spur of, 268

Latex, 100, 133

cells, 131

micro-chemic test for, 101

Laticiferous tissue, 131

vessels, 132

Lawracea, 515, 522

anthers of, 278, 279

Laurel Family, 515, 522

Laurus, 524

Laurus nobilis, 524

Lavandula Spica^ 595, 596

Lavender, 596

Lawsonia, 570

Lawsonia inermis^ 570

Leaf, 221

Leaf apex, 234, 236

Leaf arrangement, 229

Leaf base, 234, 236

Leaf blade, 221, 247,249

Leaf, cleft, 237

color, 241

complete, 221

compound, 233

cushion, 243

decompound, 240

definition of, 221

divided, 237

exstipulate, 223

functions, 223

imparipinnate, 240

lobed, 237

modifications, 240

palmate, 240

Lrat. palmalely Ull>pound, 2*4, 240

palmatifid, 238

palmaiipartite, 238

palioatisrt t, 238

pftripifinatr 240

parted >37

parti of typical, 242

pedate 239

prtaloid, 241

petiolate, 223

pinnate, 24* I

pinnatrly-compound, 233, 240

pinnatifid, 238

pinnatipartite. 238

pinnatisect. 238
»

, 223

simple, 233

sinuses, 237

stipulate, 223

Leaf duration, 242

Leaf fail, 191

Leaf gaps, 1 46, 147

Leaf insertion, 233

Leaf margin. 236. 38

dentate 223

Leaf outline, 234, 236

Leaf rank 229

Leaf sinuses, 237

Leaf surface, 241

Leaf texture, 241

Leaf traces, 144

diagrams of, 146
Leaf venation. 23<>

Leaflets, 233

Stamina!, 277

Leaves, bifacial, 260, 251

binate, 240

bipinnate, 240

bitcrnate, 240

bract, 228

bracteolar, 227

centric, 249

succulent, 250

xerophytic, 250

compound, 233, 240

palmately, 234. 240

pinnately, 233, 240

convergent, 249



INDEX 767

Leaves, coriaceous, 241

decompound, 240

development of lamina of, 246
dorsiventral, 246

-hydrophytic, 248

-mesophytic, 247

Fig. of cross sect, of, 247
-umbrophytic, 247

-xerophytic, 248
foliage, 228

forms of, 233

imparipinnate, 240

interruptedly pinnate, 240
lyrate, 240

origin and development of, 228
palmate, 240

paripinnate, 240

pellucid-punctate, 241

pinnate, 240

primordial, 228

runcinate, 237

scale, 228

simple, 233

stomata of, 251

ternate, 240

trifoliate, 240

types of Angiospermous, 227
veins of, 230

Lecanora, 416

Lecanora esculenta, 417
Lechea, 509

Lecythidacea, 569
Legume, 301

Leguminosce, 536

placentation in, 288
root tubercles of, 176
stipules of, 245

Lemma, 484
Lemon, 305, 545
Lenticels, 204
Leontodon Taraxacum, 615
Leonurus cardiaca, 596
Leprosy Plant, 565
Leptandra, 600
Leptome, 133, 143

Leptosporangiatce, 434
Lettuces, 614

Leucoplastids, 42, 133
Levisticum 577

Levisticum officinale^ 511
Levulose, 74

Liber fibers, 122

Lichens, 13, 413, 619
Licmophora, 351

Life history, of an angiosperm, 471
of Aspidiurn, 53

of black mold, 377
oi^Chara, 347

of Claviceps purpurea, 395
of Erythronium, 411

of Ectocarpus, 352
of Equisetum, 437
of fern, 53

of Fucus, 355

of gymnosperm, 444
of Lycopodium, 439
f a moss, 426

of mushrooms, 405-409
of smut, 397

of Spirogyra, 343
of wheat rust, 399
of white pine, 444
of yeast, 382

of J?amia, 456
Light Green, 684
Lignin, 108, 118

Lignocellulose, 109
Ligule, 242, 245, 484
Liguliflora, 613, 614
Ligustrum, histology of root, 170
Lilac, 261, 583

Liliacea, 489

Liliales, 489

Lilium, 489, 490
Lily, 192

Calla, 487

Canada, 191

diagram of flower, 488
Fig. of T. S. anther, 280
ovary, 473

pollen of, 281, 283
Tiger, 189, 191

Lily Family, 489
Lima bean, Figs, of, 320

histology of, 321
Limb, 266

Limonis Cortex, 546
Linacea, 542
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Unmia, 599, 600

corolla of, 272

Fig. of, 273

stamens of, 275

Linden, American, !

Linden Family, 559

Flowers, 559

Linden stem,

206

Limn, 18

Carl

Linum, 543

mucilage in, 95

usitatissimum % 642, 643

>ase

Lippia lanceolata, 593

Liquidambar orientalis, 53

Styraciftua, 532

Liriodrndron Tulipifera, 5

carpels of, 286

Litmus, 416

Little Club Mosses, 442

Liverworts, 13, 418

1-mandelonitrile glucosi*

Loasa hispida, hairs of, 1

Lobelia, 163, 274, 275,

Lobelia inflata, 610

Lobeliacea, 609, 610

Loculc, 473

Locust, corolla of, 271

modified stipules ol

Lodicule, 484

Loganiacea, 583

Loment, 301

Fig. of, 303

Lomentum, 301

Lonehocarpus, 540

Lonicera, 606

Loosestrife Family, 570

heterostyly in, 290

purple, 570

Lophophora Williamsii, 5<

Loranthacea, 510

Lovage, 577

Loxa Bark, 605

Lugol's solution, 93

Lunar ia, 268

Lungwort, 593

Lunularia, Fig. of, 13

Lupulin, 125, 1ST

Lupulinum, 510

Lychnis, 266

Lycoperdalct, 410

Ljcopifdam, 409, 410

*, 439

Lycopodtne*. 431, 439

Lycopodium, 439

Lycopoiium clavalum, 439, 440

lythae**. 570

lythntm 290

Lyihrum Saluaria, 570

Mace, 82

Macfarlane, 627, 629

Macis,518

Madura, 507

Macrocystis, 351, 364

Macromorphology, defined, 2

Madder, 605

Madder family, 603

Magnesium as an essential clcm<

Magnolia, 301, 516

Magnolia Family, 515

Magnoliacea, 515

Mahogany Family, 548

Mahoma, 519

Male Fern, 53

life history of, 53

Mailotus philtppintnsis, 551

Mallow Family, 559

Mallow Flowers, 562

Maltase. 102

Maltose, 76

Maltum, 485

Mdus, 634, 536

Malus sjdvestris, Fig. of flower, 2

Malva, 560

Malvac Flores, 562

Malv ae Folia, 562

Malva rotundifolia, 4< 1
1 , 669, 662

sylvestris, 401, 562

Malvacea, 559

anthers of, 278, 279

Malvales, 557

Manaca, 598

Mangrove bark, 92

Mangrove Family, 569

Mangroves, 619

157
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Manihot

Manihot

utilissima, 103, 551

Manna, 583

Scriptural, 417

Manna Ash, 74

Manzanita, 582

Maple, 162, 303

Red, 185

Maple Family, 554

Maranta arundinacea, 493

starch, 79, 81

Maranta, petiole of, 243

Marantacea, 314, 492

Marchantia, 418

Marchantia polymorpha, 419

life history of, 419

Marchantiales, 419

Marrubium, 595

Marrubium vulgar e, 595

Fig. of cross sect, of leaf blade, 249

hairs of, 124, 125

Marsdenia Condurango, 589

Marsh, defined, 618

Marshmallow, 559

Marsitea, 437

Masterwort, 577

Mastiche, 552

Mat6, 85, 552

Matico, 232, 499

Matricaria, 614

Matricaria Chamomilla, 613, 614

Megasporangium, 448, 458

Megaspore, 287, 448, 449, 460, 474

Megasporophyll, defined, 283

Megasporophylls, 448, 473

Meiosis, 50

Melaleuca Leucadendron, 574

Melia Azedarach, 548

Meliacece, 548

Melibiose, 75

Melilotus, 540

MelHotus officinalis, 540

Melissa, 596

Melissa officinalis, 596

Melochia, 558

Melon tree, 567

Membrane crystals, 90

Membrane mucilage, 94, 95

Membranes, 19

cell, 43 •

plasma, 19

semipermeable, 43

vacuolar, 19, 43

Mendel, G. J., 643, 644

Mendel's Laws, 643

MenispermacecB , 521

Menispermum, 521

Menispermum canadense. 521

Mentha arvensis, 595

Mentha piperita, 594

Fig. of glandular trichomes, 125

Mentha Piperita, U.S. P., 594

Mentha spicata, 595
Maturation of pollen grain and forma- Mentha Viridis U.S.P., 595

tion of male gametophyte in Mentha viridis, 595
Angiosperms, 292

in Erythronium, 474

in White Pine, 449

of embryo sac and formation of

Menyanthes, 587

Menyanthes trifoliata, 587

Mericarp, 303

histology of a, 309
female gametophyte in Angio- Merismopedia, 336

Meristeles, 145

Meristem, 114

sperms, 292
Maw seed, 528

May Apple, calyx of, 268

umm
Mechanical tissues, 151

Medulla, 165

Medullary rays, 139

Megaceros, 419

Megasori, 285, 448

Megasporangia, 381

primordial, 114, 187

Meristems, 114

apical, 115

intercalary, 115

lateral, 116

primary, 114

secondary, 114
Merulius, 404
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Mesocarp, 298

Mesophyll, 61, 222

Mesophytes, 164, 617, 619

Mesquite Gum, 540

Metabolism, 31

Metachlamydeae, 579

Metaphase, 50

Metaxylem, 143

Methyl Salicylate, 103, 505

Methylis Salicylas, 505, 581

Metroxylon Sagu, 82

Mez., Carl, 323

Mezereum, 570

Micrandra, 550

Micrococcus, 365

division forms of, 368

urea, 182

Micro-crystals, 90, 91

Microgametophyte, 461

Micrometer, net, 673

ocular, 672

stage, 673, 674

Micrometry, 672
i

Micromorphology, defined, 2

Micron, defined, 672

Micropyle, 287, 448, 474

Microscope, binocular, 670

care of, 671

compound, 663, 664

use of, 669

defined, 661

diagram showing optics of, 665

dissecting, 661, 662

research, 667

simple, 661

Microscopic measurement, 672

Microsorus, 274, 473

Microspira, 372

Milkweed, 295, 313

pollinia of, 283

Milkweed Family, 589

Milkwort Family, 548

Milon' s reagent, formula for, 93

Mimosa, 36, 638

pudica, 37

conduction of stimuli by leaves,

37

Spegazzini, 36, 38

thigmotropic reactions in, 36, 37
Mimosacece, 538, 639

Mimusops globosa, 582

Mint Family, 1 1 8, 693

Mire, 598

Mistletoe, 161, 479, 510

Mistletoe Family, 510

Mitchella, 605

Mitchella repens, 605

MiteIla, 531

Mitochondria, 43

Mitosis, 47

heterotypic, 52

homotypic, 52

Mitrewort, 531

Mnium, 426, 427

Mock-orange, 531

Mold, black, 377

blue, 388

bread, 377

green, 388

Molds, cultivation of, 376

Mollugo, 514

Momordica Balsamina, 608
Monarda, 594, 596

Monarda punctata, 596

Monilia, 412

Monimiacece. 515. 522
Microsporangia, 277, 381, 447, 457, 473 Monkshood, 518

•

Microspore, 280, 447

Microsporophylls, 274, 277, 447, 457

Microtomes, 677

hand, 677

rotary, 679, 680

sliding, 678, 679

Middle lamella, 20, 21, 24, 49

Midrib, 230

Mildew, 388

Monoclinic prisms, 88, 89

Monocotyl

leaves, 242, 255

rhizome, 215

root, 165

seed, 315

seedling, 316

stems, 215-220

secondary growth in, 220
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Monocotyledon, morphology of typical Movement, ciliary, 39

plant of, 481 true. 365

Monocotyledoneee, 479

Monocotyledons, 15, 16, 481

development of embryo in, 296

drug yielding, 483

histology of leaves of, 255

histology of roots of, 165

histology of stems of, 215

petiole in, 242

Monoecious, 264, 418, 425

Monohybrids, 648

Monosaccharoses, 74

Monotropa, 580

uniflora, 580

Monstera, 487

Moonseed Family, 515, 521

Moonwort, 434

Moracece, 507

Morchella esculenta, 395

Fig. of, 394

Morels, 395

Morgan, T. H., 658

Morning Glory, 188, 300

Morning Glory Family, 590

Morphine, 86, 527

test for, 87

Morphology, defined, 2

Moss, diagram of life history of, 429

Iceland, 414

Golden, 435

Reindeer, 417

Mosses, 418, 424

bog, 425

peat, 425

rock, 426

true, 426

Motherwort, 596

Mountain Ash, 74, 635

Mountain Laurel, 272, 579, 580

Mountain Mint, 596

Mountain Rose, 512

Mounts, Canada balsam, 689

glycerin-gelatin, 691

permanent, 687

temporary, 687

Movement, 39

amoeboid, 26, 39

Brownian, 365

true, 365

Mucilage, 94

cell content, 94, 95

membrane, 94, 95

micro-chemic test for, 95

Mucor mucedo, 380

stolonifer, 377

Mucuna pruriens, 540

Muehlenbeckia, 512

Mulberry, 307, 607, 609

Mulberry Family, 91, 607

Mullein, 259

Musa, 231

Musacea, 492

Musci, 13, 418, 424

Mushroom, common, 405

Mustard, corolla of, 270

fruit of, 302

stamens of, 275

Mustard Family, 268, 528

Mutation Theory, 657

Mutations, 653, 657, 659

Chromosome, 658

Mutisia, 611

Mycelium, 362, 377, 388, 397

Mycobacteriacea', 372

Mycobacterium, 372, 373

Mycology, 3

Mycorrhiza, 181, 182, 183, 394

Myosotis, 592

Myrica, 502

Myrica caroliniensis, 96, 179, SOS

cerifera, 96, 179, 502

Gale, 179

Fig. of, 503

Macfarlanei, 179

tubercles of, 179

xalapensis, 96

Myri 501

root tubercles of, 179

Myristica, 517

fragrans, 518

Fig. of, 516

Myristica, U.S.P., 518

Myristicacea, 515, 517

Myrobalans Family, 574

Myronase, 103

Myrosin, 103
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Myrrh Familv, 547

Myrrha, 548

Myrtaeea, 251, 671

Myrtales, 568

Myrti florae, 568

Myrtle Family, 57

1

Myxomycctes, 362, 374

Naphthol solution, 684

Narcissus, 274

Nasturtium, 291

Nasty, 32

Natural Selection, 654, 656

Natural system, 323

Naturalized, defined, 3

Nectandra Coto, 524

Nectar, 150

Nectaries, 150

iepaline, 268

Negundo, 554

Neighboring-cells, 251

Neisseria gonorrhoea, 373

intracellularis , 373

Nepenthacea, 530

Nepenthes, 241, 245, 634, 638

bicalcarata, 637

Edwardsiana, 637

enzyme in, 103

petiolar structure in, 24;

Rajah, 634, 635, 638

Nepenthin, 103

Nepeta Cataria, 595

Nephrodium. See Dryopteris

Nereocystis, 354

Nest fungi, 410

Nettle family, cystoliths in, 9

Nettle, hairs of, 127

Nicotiana, 85

Nicotiana tabacum, 598

Nicotine, 85

micro-chemic test for, 8'

Nidulariales, 410

Nigella, 519

Nightshade, Fig. of, 535

Family, 533

Nitella, 40, 346

Nitrification, 367

Nitrifying bacteria, 182, 367

Nitrobacter, 182

i n Off cytlr, 182

crogen fixation 178

Nitrosocatnu* 182

rosomomar

Nod
Nomenclature, 329

Binomial system of, 32

Non-protoplasmic cell com
Nostoc, 336

Fig. of, 334

Nucellus, 287, 448, 474

Nuclear membrane, 19, 43

Nuclear sap, 41

Nuclei, assisting, 292

polar, 292

Nucleins. 93

41

asm

Nucleus, 1 8, 41

Numerical aperture

Nut, 304

Nutgall, Fig. of, 50!

Nutlet, 302

Nutmeg, 314

tint

Family

Nutnti tji defined

Amoeba, 26

bacteria. 366

prophytic, 38!

Nux Vomica
Nyctaginacea

32

\ \mphe

sylvat

Oak, 259

Oaks, 297, 304, 606

Oat, 484

inflorescence of, 259

Obj« tives, microscope, 664, 666

numerical aperture of, 666
working distance of, 666

Ochrea, 246, 512

Ocimum Basilicum, 596

Octant cells, 71

Ocular micrometer, 672

standardization of, 673

CEdogonium, 338

Oenothera, 282, 669
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Oenothera lamarckiana, 667, 658

Oenothera lata, 658

Offsets, 189

Oidium, 376

Oil, benne, 602

bitter almond, 97

cassia, 97

cedarwood, 466

chaulmoogra, 565

cocoanut, 487

enzyme, 103

linseed, 542

mustard, 97

palm, 487

rose geranium, 542

Siberian fir, 466

tung, 551

turpentine, 97

Oils, fixed, 95

nitrogenated, 97

oxygenated, 97

sulphurated, 97

terpene, 97

volatile, 96

Olea, 583

Olea europcea, 583

Oleacea, 583

Oleander, latex of, 101

Oleoresins, 97

defined, 98

Oleum abietis, 466

amygdalae amarae, 535

amygdalae expressum, 535

anisi, 516, 577

aurantii, 546

aurantii amari, 546

aurantii florum, 546

bergamottae, 546

empyreumaticum rectifi- Oomycetales, 376
betulae,

betulae

catum, 505

cajuputi, 574

cardamomi, 492

cari, 577

caryophylli, 574

chaulmoograe, 565

chenopodii, 514

cinnamomi, 524

citronellae, 485

Oleum coriandri, 577

erigerontis, 615

eucalypti, 574

foeniculi, 577

gossypii seminis, 562

juniperi, 466

lavandulae, 595

limonis, 546

lini, 543

maydis, 485

menthae piperitae, 594

menthae viridis, 594

myrciae, 574

myristicae, 518

olivae, 583

picis rectificatum, 465

pimentae, 574

pini pumilionis, 466

ricini, 551

rosae, 535

rosmarini, 595

santali, 510

santali australiensis, 510

sassafras, 524

sesami, 602

sinapis volatile, 530

terebinthinae, 465

theobromatis, 559

thymi, 595

tiglii, 551

Olibanum, 548

Olive, 583

Olive Family, 583

Onagracea, 569

Onion, 188, 191

epidermis of bulb scale, 18

Onoclea sensibilis, 433

Oogonia, 346, 348

Oogonium, 348

\

Oospore, 46, 293, 341, 476

Operculina Turpethum, 591

Operculum, 429

Ophioglossum, 434

Opium, 86, 87, 101, 527

Opuntia, 567, 568

Opuntiales, 567

Orange, 545

flower, 277
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Orange

peel, crocs set u

stamens of, 277

Orcein, 416

Orchid family, 494

Orchidace*
y 494

Orchidales, 494

Orchtdea. 495

in 148

poll

floral organs

parenchyma

stamens of. 2

Orchis

Utaris

Orchis morio, 496

Order, defined, 327

naming of, 332

Ordinary Parenchym

Oregon balsam, 466

Organ, defined, 6

Organic cycle, 363

Organic-acid

Organism, defined

Organs, accessory

103

ntial of flower, 262

plant, 6

reproductive, 6

vegetative, 6

Origanum, 596

Origanum Atajarana, 596

vulgare, 596

Orris, 492

Osage Orange, 297, 307, 607

Oscillatoria, 335

Fig. of, 11, 334

Osmic acid, 692

Osmosis, 153

applied to root hairs, 1 5-

Osmunda cinnamomea, 433, 436

Claytoniana, 436

regalis, 436

Ostraya, 504

Ostwald, 101

Ourouparia Gambir, 605

Outline of plant groups, 328

Ovary, 284, 473

of Poppy, 528

Ovule, amphitropous, 287

anatropous, 287, 473

Ovule, campylotropout, 2H7

forms of, 287

orthotropous, 287

Kules, 286, 448, 473

Ovum, 69, 450, 474

< >\alu add, production by mokb, $94

Oxidizing enzymes, 104

Owtropism, 34

Pachystima, 552, 553

Padus, 535

Palaquhtm, 58 1 , 582

Palaqutum gutta, 101

Palate, 274

Palet, 484

Palm Brazilian Wax, 96

Cocoanut, 485, 486

Date, 486

Family, 485

Fern, 455

oil, 487

petiole, 242

Sea 354

stem 214

Palm*, 485

petiole of, 242

stegmata in, 91

Panax Ginseng , 576

Panax quinquefolium, 576
repens, 576

Pandanus, roots of, 161

Pandorina, 338

Panicle, 258, 269

Pansy, 566

Papain, 103, 567

Papaver, 524

calyx of, 267

latex of, 101

placentation in, 288
Papaver Rhoeas, 528

Papaver swnnijerum, 101, I

Papaveracea, 524

Papaverales, 524

Papaverine Hydrochlori
Papaveris Fructus, 528
Papaw, 567

Papaw Family, 566
Papayin, 103

Papilwnacea, 537, 538

•
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Papillae, 124

Pappus, 266, 297

Paprika, 598

Papyrus, 618

Paraguay Tea, 85

Paraphyses, 356, 387, 388, 427

Parasite, 362

Parasites, facultative, 367

obligate, 367

Pareira, 162, 521

Parenchyma, 116

assimilation, 116

border, 223, 224

conducting, 117

ordinary, 116

palisade, 117, 222

phloem, 117, 135

reserve, 117

sieve, 135

spongy, 117, 223

wood, 117

Parietales, 562

Parmelia, 414

Parmelia perlata, Fig. of, 415

Parsley Family, 118, 148, 243, 576

Partridge Berry, 190, 605

Pasque Flower, 518

Passiflora, 266, 566

incarnata, 566, 567

Passifloracece, 566

Passion Flower, 188, 567

Passion Flower Family, 566

Pasteur's Solution, 382

Pathogens, 364

Pathology, 3

Paullinia, 553, 554

Paullinia Cupana, 554

Paulownia, 599

Paulownia imperialis, 599

Payena, 101, 582

Pea, 82, 240

tendrils of, 189

Pea Family, 536

Peach, 301,305, 534,535

Peachwood, 540

Peanut, 301

Pear, 535

fruit of, 305

pericarp of, 298

Pear, stone cells of, 119, 120, 301

Peat mosses, 425

Pecan, 504

Pectase, 102

Pectinase, 102

Pectose, 23

Pedaliacea, 601

Pedicel, 256

Pedicularis, 599

Peduncle, 256, 262

Pelargonium, 301, 541

capitatum, 542

odoratissimum, 542

Radula, 542

Pellaa, 435

Pelletierinae Tannas, 571

Pengawar Djambi, 435

Penicillium, 388

brevicaule, 391

camemberti, 390, 391

expansum, 391

glaucum, 388

roqueforti, 389, 390

Pentosides, 84

Pentstemon, 600

stamens of, 275

Peony, 518

Fig. of flower, 284

Pepo, 305, 608

Pepper, Black, 499

Red, 597

Pepper Family, 499

Peppermint, 594

Pepsin, 103

Perennial plants, 163

Pereskia, 567, 568

Perianth, 262, 266

forms of, 270

outgrowths of, 274

Periblem, 113

Pericambium, 56, 131

Pericarp, 297

Pericladium, 243, 576

Pericycle, 56, 63, 131

Pericyclic fibers, 122, 131

Periderm, defined, 207

Peridiolum, 41

1

Peridium, 401, 410
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ne

appendages

Perisperm, 314

Peristome, 429

Pcrithecia, 391

Periwinkle, 258

Peroxidase, 104

Ptrtusaria, 414

Petals, 269

Petiole. 223. 242

gross structure and histology

Petiolulc, 234

Petroleum Ether, 685

Petroselini Radix, 577

Petroselinum, 577

Petroselinum sativum, 577

Petunia, 596

Peumus Boldus, 522

Peyote, 568

Peziza, 387

repanda, Fig of, 386

Pezizales, 387

Pfeffer, 33

Phaeophycear . 351

Phaeosporales, 352

canaricnsis

Phallales, 411

Phanerogamia, 325, 443

Phanerogams, 14

Pharmaceutical Botany, defined

Pharmacognosy, defined, 3

Phaseolus lunatus, structure of seed

Phaseolus multiflorus,

root of, 1 67

hooked hair front

Phtgopteris, 435

Phellem, 207

Phelloderm, defined.

cross

Phellogen, 114, 129, 131

Phenotype, 647, 648

Philadelphia, 531

Phloem, 140

defined, 143

internal, 204

interxylary, 204

intraxylary, 204

parenchyma, 117, 136

primary, 143

ray, 139

Phloem, secondary, 143

Phloroglucin, solution of, 6SS

Phlox, corolla of, 272

mrmr, 510

Photogew 364

Photosynthesis, 64, 66

defined, 224

Phototropism, 35

FhragmMoibtx, 372

Pkragmaes, 618

Phycocyanin, 100, V4, 357

Phycoerythrin, 100, 335, 357

Phycoplurin. 100

Phycomycetes, 375, 376

Phycoph.r in, 351, 352

Phycoxanthin, 331

PhyUoclades, 188

Phyllode, 244

Phyilotaxy, 229

Pkysalis, 297

Fig. of calyx, 267

Physica, 414

Physica stellaris, Fig. of, 413

Physiological division of labor, 1

6

Physiology, defined, 2

Physostigma, 539, 640

style of, 289

Physostigma venenosum, 640, 641

Physostigminar Salicylas, 540

Phytogeography, definrd, 3

Phytopalarontology, definrd, 3

19 Phytoglobulins, 94

of Phytolacca, 514

Items of, 203

Phytolacca americana, 514, 515

Phytolacca, M.F., 514

Phytolaccacea , 514

Phytopahrontology, dc fined, 3

Phytopathology, defined, 3

Picea, 465

canadensis, 466

excelsa, 466

mariana, 466

rubra, 466

Pickerel weed, 116

Picrasma excelsa, 546, 647
Picric acid, 39

Pigments, 98

Pigweed, pollen of, 283
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Pileus, 404

Piliferous layer, 152

Pilocarpine Hydrochloridum, 546

Nitras, 546

Pilocarpus, 546

Pilocarpus, 545

Pilocarpus Jaborandi, SAG

microphyllus, 546

neighboring-cells of leaf epidermis,

252

Pimenta, 574

Pimenta acris, 574

officinalis, 574

Pimiento, 598

Pimpinella, 577

Pimpinella Anisum, 576

magna, 577

Saxifraga, 577

Pinacece, 465

Pine, 465

Austrian, 250, 447, 451, 453

Drops, 580

Family, 465

inflorescences of, 464

leaf of, 446

pollen of, 282

Scotch, 448

stem, 445

tar, 465

White, 444

wood of, 212

Pineapple, enzyme in, 103

fruit of, 307

Pinenes, 97

Pinguicula, 640

vulgaris, 640, 641

Pinites succinifer, 466

Pink Family, 273, 514

Pink Root, 583, 585

Pinna, 55, 433

Pinnularia, Figs, of, 349, 352

Pinnule, 55, 433

Pinus, 465

austriaca, 447

maritima, 466

montana, 466

nigra, leaf of, 250

palustris, 465

Strobus, 401, 444,466

Pinus, sylvestris, 448

Pinus Alba, N.F., 465

Pinweeds, 509

Piper, 305, 499

Piper angustifolium , 499

Cubeba, 498, 499

longum, 499

methysticum, 499

nigrum, 498, 499

qfficinarum, 499

Piperacea, 499

formation of endosperm and peri-

sperm in, 314

Piperales, 499

Pipsissewa, 579

Piscidia, 540

Piscidia Erythrina, 540

Pistachio, 552

Pistacia vera, 552

Lentiscus, 552

Pistil, 285, 473

bicarpellary, 285

compound, 285

monocarpellary, 285

polycarpellary, 285

system, 283

tricarpellary, 285

Pitcher plants, 629

Pith, 165, 166

Pits, 108

bordered, 136

Pix Burgundica, 466

Canadensis, 466

Juniperi, 466

Pini, 465

Placenta, defined, 287

Placentation, 287, 288

Plankton, 617

Planococcus, 371

Planosarcina, 371

Plant, acaulescent, 186

anemophilous, 291

annual, 162

aquatic, 164

associations, 616

axis, 6

biennial, 163

breeding, 3

caulescent, 186

•
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Plant, cell, 41

cigar, 570

communities, 616

dioecious, 264

cntoinophilous, 291

genetics, 3

geography, 3

hairs, 124

halophytic, 164

homozygous, 647

heterozygous, 647

hydrophilous, 291

indigenous, 3

malacophilous, 292

mesophytic, 164

monoecious, 264

naturalized, 3

organs, 6

ornithophilous, 291

parts of body of, 6

perennial, 163

pitcher, 629

polygamous, 264

seed, 7

tissues, 111

xerophytic, 164

Plant Succession, 621

Plantaginacea, placcntation in, 288

Plantaginis Semen, 603

Plantago, 44, 301, 603

Plantago arenaria, 603

Plantago lanceolala, 603

Plantago ovata, 603

Plantago Psyllium, 602, 603

Plantain, 259, 603

Plants, aquatic, 164, 617

carnivorous, 621

classification of, 323

desert, 617

general characteristics of, 6

groups of, 12, 328

intermediate, 617

marsh, 618

naming of, 323, 329

relation of, and animals, 29
relation to animals, 621

salt, 617

water, 617

Plasma membranes, 19, 22

<
' 1ttmodciroa , 44

IMnmodiocarp, 374

modi o

PUsinoJvtt

illustrating, fuccestive or. 154

Plastids, 42

PtaiyUimm* 524

Plet tatcakt, 388

113

XOCtm

Plmrociccus. 3

Me
Pi

Mil

337

Fig. of, 338

Pleuston, 617

Pliny, 2

Plum, 303, 535

Plumule, 311

Pod, 301

Podophyllum, 519

Podophyllum tmodi, 519

pellatum, 519

Fig. of, 521

petiolar structure of, 245

Podophyllum Indicunu 519

Poison Hemlock, 516

Fig. of, 578

Poisons, 33

Poke, Family. 514

Root, 176, 514

Polemoniales, 590

Pollen, 278

chamber, 449, 458

grain, 280

mother cells, 278, 474

stages in germination, 293

Pollen grains, 282, 457

Fig. of, 281, 450

pine, 281, 460

Pollens, 1 lay-fever, 283

Pollination, 290

cross, 291

in erythronium, 475

in pine, 450

self, 290

Pollinia, 282, 283, 589

Polycotyledony, 227

Polyembryony, 479

Polygala, 103, 283

lutea, 549

pollen at 283
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Polygala Senega, 549, 550

Polygalacea, 548

Polygonacece, 246, 314, 512

Polygonales, 512

Polygonum, 512

Bistorta, 513

Polypeptides, 93

Polypetalse, 499

Polyploidy, 658

Polypodiacece , 435

Polypodium, 434, 435

Polyporacece, 404

Polyporus officinalis, 404

Polystichum, 435

Polytrichum commune, Fig. of, 427

life history of, 426

Pome, 305

of apple, Fig. of, 306

Pomegranate Family, 570

Ponteria, 582

Poplar, 500

Poppy, calyx of, 267, 268

Family, 524

fruit of, 299, 302
v

leaf of, 232

Populi Gemma, 500

Populus balsamifera, 500

candicans, 500

tremuloides, 500

Pore Fungi, 404

Porella, 418, 419

Pores, 108, 110

bordered, 136

germ, 282

Portulaca, 301, 514

Postelsia, 354

Potash, solutions of, 685

Potassium ferrocyanide solutio]

Potato, 87, 192, 272, 596

starch of, 79, 81

Potentilla, 269, 535

silvestris, S3

6

Prefloration, 264

Prefoliation, 230

Premna arborea, 593

Prickles, 189

Prickly Ash, 546

Prickly Pear, 567

Primary Meristems, 113

of root, 1 57

Primordial meristem, 111

of leaf, 228

Primulacea, placentation in, 288

Principes, 485

Prinos, 552

Privet, 261, 583

California, 170

Procambium, 113

Prodromus, 326

Proembryo, 348

Promycelium, 397, 398, 401

Prophases, in nuclear division, 48, 49

Proplastids, 42

Prosopis juliflora, 540

Prostele, 145

Proteacece, 254

Protective tissues, 151

Proteinaceous enzymes, 103

Proteinoplastids, 133

Proteins, 92

formation of, 65

tests for, 93

Prothallia, female, 438

Fig. of fern, 69

male, 438

Prothallial cushion, 69

Prothallium, 68

Fig. of fern, -70

Prothallus, 68, 451, 460

Protista, 30

Protoascales, 381

Protococcales, 337

Protoderm, 113

Protonema, 68, 426

Protopectin, 107

Protopectinase, 102

Protophloem, 144

Protoplasm, 10, 25, 30

properties of, 30, 31

Protoplasmic cell contents, 40

Protoplasmic movement, 39, 40

Protoplast, 17

Protoxylem, 143, 168, 169, 196

Protozoa, 24

Prune, 305

Prunum, 536
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/Vmatr «, 534 Pufr«*£icii*jii, **»-*

Awm, 534

Oonu. 95. 535
2^0

menustua, 536

Laurocerasus, 536

j/ro/ina, 534

Prunus Yirginiana, 53!

Psalhota campestris, 405

Pseudobulbs, 188

Pseudocarp, 298

PsmdomomaSy 372

Pseudomonas raduicola, 1

fig. of, 178

Pseudopodia, 26, 374

Pseudotsuga, 465

Pseudotsuga taxijolia, 46<

Psyllium seeds, 95, 602

testa

546

lata

Pteridophyta, 13, 431

Pteridophytes, 13, 431

Pteris aquilina, 433

cross section of rhizome, 435

Pkrii Fig. of leaf of, 434

Fig. showing development of em-
bryo, 72

Pierocarpus marsupturn, 540

santalinus. 539

Pterospor

Puccinia

400

401

Puff Balls, 409

Pulmonaria officinalis, 593

Pulsatilla, 518

Pulsatilla patens, 519

pratensis, 519

vulgaris, 519

Pulvinus, 243

Pumpkin, 607

Punka, 571

Granatum, 571

Punicacea, 571

Purging Cassia, 332

Purified Siliceous Earth, 350

Purple Cone-flower, 612

Putamen, 298

Pycnia, 401

Pyrenoid, 337, 341

PyiimmjctuUi, 395

Pyrcthi Flares, 615

Pyrethrum, 615

Pyrogalloi, 507

580

Pyeus, 535

Pyxidium, 301

Pyxis, 301

Quassia, 547

Quassia amma, 546, 647

Quercus, 507

Quercus alba, 506, 507

chysolepis, 506

506

injectoria, 507

Fig. of, 505

Michauxti, 506

Occidentalis, 506

pedunculata, 15

platanoides
9 506

prinus, 506

Suber, 506

velutina, 506

virginiana, 506

Quillaja, 535

Quillaja Saponaria, 88, 634, 636

Quillworts, 431, 442

Quince, 535

calyx of, 267

fruit of, 305

pericarp of, 298

receptacle of, 297

Quinidinac Sulfas, 605
Quinina, 605

Raceme, 258

Rachilla, 259, 484

Rachis, 233, 256

Radial bundles, 142

Radicle, 311, 317, 321

Radish, 161, 162

Ragweeds, pollen of, 283
Ranales, 515

Ranunculacea, 243, 515, 618
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Ranunculus, 248, 518

Raphe, 287

Raphides, 89, 90

Raspberry, 189

fruit of, 300, 306

stems of, 186

Ray, J., 325

Rays, medullary, 139

vascular, 139

Reagents, 680

Receptacle, 262, 265

Receptacles of Fucus, 355, 356, 367

of Marchantia, 421

Red Algse, 95, 357

Red Gum, 90

Red Squill, 490

Reductase, 103

Reduction division, 51-

Redwood, 465

Regma, 301

Reindeer Moss, 417

Rejuvenescence, 45

Remijia pedunculata, 605

purdicana, 605

Reproduction, asexual, 44, 46, 378

defined, 38, 44

sexual, 44

Reserve cellulose, 109, 487

parenchyma, 117

starch, 76

Resin duct, Fig. of, 150

Resina, 465

Resinogenous layer, 96

Resins, 97, 98

Respiration, defined, 66, 226

Rhizoids, 65, 347, 420, 426
.

Rhizome, defined, 192

histology of monocotyl, 215

Rkizophora, 619

Rhizophoracea, 569

Rhizopus, 378

nigricans, 377

strains of, 380

Rhododendron, 580

Rhodophyceae, 357

Rhodymenia palmata, 361

Rhoeadales, 524

Rhubarb, 513

Rhus, 92, 305, 552

Cotinus, 551

glabra, 551, 552

hairs of, 124, 125

japonica, 552

semialata, 552

succedeana, 96

sylvestris, 96

toxicodendron, 551, 552

typhina, 552

venenata, 551

vernicifera, 96

Rhytidome, 130

Ribbon Bush, 512

Riccia, 418, 419, 617

Ricciocarpus , 617

Rice starch, 79, 80

Ricinus communis, 256, 312, 551

Rivularia, 335, 336

Robinia, 213

Roccella tinctoria, 416

Rock Rose Family, 567

distinction from photosynthesis, 66 Rockweeds, 354

Rhamnacece, 554

Rhamnales, 554

Rhamnase, 103

Rhamnose, 103

Rhamnus cathartica, 556

Rhamnus Frangula, 103, 555, 656

Rhamnus Purshiana, 554, 556

Rheotropism, 34

Rheum, 512

officinale, 513

palmatum, 512, 513

Rhinanthus, 599

Rhizoclonium, Fig. of, 317

Root, adventitious, 160

branching, 176, 177

California Privet, 170

cap, 158

classification as to form, 161

classification as to order, 160

conical, 162

consistency, 162

defined, 152

distinction from stem, 160

duration of, 162

epiphytic, 161

fibrous, 160, 162
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Root, functi 6 152

fusiform, 161

generative ensues of, 1S8

growing point of, 158

hairs. 152, 154

histology, 163-176

lateral, 160

main, 160

moniliform, 162

napiform, 162

Phaseolus 167

primary, 142. 160, 519

regions of, 158

secondary, 160, 177, 319

SmilaXy 165

soil and water relation of, 152

systems, 164, 177

tap, 160

texture, 162

tortuous, 162

tubercles, 176

Roodet, 152

Roots, 160

abnormal structure in, 175

brace, 161

Dicotyledon, 167

fascicled, 162

fleshy, 162

Monocotyledon, 165

multiple, 162

napiform, 162

nodose, 162

nodule producing, 176

of parasitic plants, 161

of primary growth, 167

of secondary growth, 169

prop, 161, 319

secondary, 160

tuberous, 162

woody, 162

Roridula, 530

Rosa, 535

Rosa canina, 536

centifolia, 536

damascena, 535

galItea, 535

Rosacea, 245, 634

Rosales, 531

Row, 535

Family, 534

fruit of, 304

Rosemary, carol

ote of Shai 560

Rom
Rod

ggregato 89, 90

Rosmarinus offktnali i , 5

Rotation, crop, 179

cytoplasmic . 39

of crops, 174

protoplasmic 22

Rubber. 101, 551

Rubiacea, 245, 603

Rubiales, 603

Rubia tinstorum, 605

Rubus, 536

Rubus Idatus, 535

Rubus IdauSy 535

strigosus, 536

Rue, 286, 545, 646

Rue Family, 545

Ruellia, 602, 603

Ruellia ciliosa
y 603

Rumtx, 612, 513

acetosellay 512

crispus, 513

obtusifoliuSy 513

Hen of, 283

Runner, defined, 189

Ruppia, 291

Ruscus, 188

R Thistle, pollen of, 283

Rust, 399

Cedar, 402

Hollyhock, 401

Wheat, 399

White Pine Blister, 401

Ruta, 545

Ruta gratrolens, 645, 646

Rulacca, 545

Rutea, 545

Ruthenium Red and Lead Acetate

Sol

Rye, 259

starch of, 78, 79

Sabadilla, 490

Sabal, 305, 487
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Sabbatia, 587

Sabbatia angularis, 587

Sabina, 466

Sac Fungi, 381

Saccharomyces, 381

apiculatus, 386

cerevisice, 382

ellipsoideus, 385, 386

membranijaciens , 386

pastorianus, 387

Saccharomycetacece, 381, 382

Saccharurn, 484

qfficinarum, 485

Saddle Fungi, 394

Safflower, 615

Saffron, 492

Safranin, solutions of, 686

and Aniline Blue, 690

and Fast Green, 689

and Light Green, 689

and Methyl Green, 691

Sage, 594, 695

Sage, corolla of, 272

Sago starch, 456

Salep, 94, 496

Salicacea, 499

Salicales, 499

Salicin, 83

micro-chemic test for, 83

Salicinum, 500

Salicornia ambigua, 619

Salix, 500

Salix alba, 500

nigra, 500

retusa, 499

viminalis, 501

Salmonella, 373

Salsola, 283

Salvia, 595

Salvia officinalis, 595

Salvinia, 437

Salviniacea, 436

Samara, 303

Sambucus, 606, 607

Sambucus canadensis, 607

nigra, 607

Samphire, 619

Sandalwood Family, 510

Sandaraca, 466

Sandbox, 551

Sanguinaria, 528

latex of, 101

Sanguinaria canadensis, 626, 628
Sansevieria cylindrica, leaf of, 250
Santalacea, 510

Santalales, 510

Santalum album, 510

Santalum Rubrum, 539

Santonica, 615

Santonium, 615

Sap, cell, 18

crude, 117

elaborated, 117

nuclear, 18

vacuoles, 19

Sapindacece, 553

Sapindales, 551

Sapindus, 553

Saponaria, 84

Saponins, 84

micro-chemic test for, 84
Sapotaceae Family, 581

Sappan, 540

Saprogens, 364

Saprophyte, 362, 383

facultative, 367

obligate, 367

Sap-wood, 213

Sarcina, 368, 371
Sarcode, 17

Sarcocarp, 298

Sargassum, 355

Sarracenia, 289, 629, 638
Drummondii, 638

flava, Fig. of, 632, 638
purpurea, 629, 630, 631, 638
rubra, 638

Sledgei, 638

style of, 289

Sarraceniacea, 530

Sarraceniales, 530

Sarsaparilla, 490

Bristly, 575

tendrils of, 189

Virginian, 575

Wild, 575

Sassafras, 523

Medulla, 524
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Sassafras omiifoltum, i 3, 524

Satuma kmUnsis, 596

Saxtjf4g*ce*, 531

Saxifrage, 531

Family, 53!

Scale bark, 1 30

Scale leaves 228

Scales, 12^

Radix, 591

Scape, 189, 256

Schimper, 619

Schi2omycetcs, 362. 363

Schizophyta, 333

IT! 1

Schleiden, M. J., 17

Schulze's process of maceration, 702
Schwann, 17

Schweitzer's reagent, 686

SciUa, 490

ScilIa maritime , 490

Scitaminales, 492

Scitaminea, 91

Sclerenchyma, 118

fibers. 120

Sclerotium, 395

Scoparius, 539, 640

Scopola, 598

Scopola Carniolica, 598

Scorpioid cyme, 260

Scouring Rushes, 437

Scrophularia, 275, 599, 600

Scropkulariace*, 275, 599

Scullcap, 594, 595

Scutellaria, 595

Scutellaria lateriflora, 595

Scutellum, 318, 485

Sea Grape, 512

Sea Lettuce, 342

Sea Otter's Cabbage, 354

Sea Palms, 354

Sea Purslane, 514

Secale cereale, 395

Secretion canals, 148, 149

cells, 147

reservoirs, 148, 149

sacs, 147

Secretory epithelium, 149

Sectioning, 675

free hand, 675

in celloidin, 700

Sectioning, in paraftine, 677, Wl
in pith, 675

Set nam, celloidin, 700, 701

making of, 675

paraffinr, 697

radi-d -longitudinal, 677

ftwrfece, 677

tangential-longitudinal, 677

transverse. 677

Sedges, 304, 483, 464

Saturn, leaf of, 250

Seed, 311

albuminous, 314

313

Castor-oil, 312

coats, 312

defined, 311

Dicotyl, 319

exalbuminous, 314

functions of, 8, 31

1

germination, 318, J

histology, 315

Indian Corn, 315

Monocotyl, 315

structure. 312

1, 297

vitality of, 311

Seed-grass

Seedling, 2

of Indian com, 316, 31

of lima bean, 319, 320

of pea, 319

Selaginella, 442

Martensa, Fig of, 441

Selagineliacg*, 442

Selenicereus, 567

grandiflorus, 568

Semen Rapn 530

Sempervivum, 96

Senecio, 615

Senecio aureus, 615

Senega, 550

Senna. 251. 639

Se

neighboring cells of, 254

stomatal apparatus of, 251

Sepaline position

spurs, 268

stipules, 269
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Sepals, 266

epigynous, 269

hypogynous, 269

perigynous, 269

Sequoia, 465

height of, 186

Serenoa serrulata, 487

Serpentaria, 512

Serpyllum, 596

Service Berry, 535

Sesame Family, 601

Sesamum indicum, 602

Sesuvium maritimum, 514

Shad Bush, 535

Shell bark, 130

Shepherd's Purse, 302

Shoots, 180, 247

fertile, 437

spur, 446

sterile, 437

Shrub, 191, 582

Sideritis, 596

Sieve, 133

callus of plates, 109

plates, 133

Sieve tubes, 133, 134

stages in development of, 134

Silica, 91

bodies, 91

Siliceous Earths, 350

Silicule, 302

Siliqua, 302

Silphium, 615

Simaruba, 547

Simaruba amara, 547

officinalis, 547

Simarubacea, 546

Sinapis alba, 530

Sinapis Nigra U.S.P., 530

Sinigrin, 103

Siphon Algae, 346

Siphonales, 346, 376

Siphonostele, 145, 199

Sitotaxy, 34

Sitotropism, 34

Skunk Cabbage, 487

Slime Molds, 362, 374

Fig. of, 353

Response to water, 34

Slime plugs, 134

Slippery Elm, leaf of, 221, 241

Smilax, 490

histology of root, 165, 166

medica, 490

modified stipules of, 246

officinalis, 489, 490

ornata, 490

Smuts, 397

Snapdragon, 272, 600

stamens of, 275

Snowberry, 606

Soap Bark, 84

Soapwort Family, 553

Soft bast, 202

Soja max, 540

Solanacea, 596

development of stomata in, 254

placentation in, 288

Solanece, anther dehiscence in, 279

Solanine, 87

Solanum, 598
-

Solanum, 596

Solanum carolinense, 87, 698

Dulcamara, 87, 596, 598, 599

nigrum, 87

tuberosum, 87, 203

Solidago odora, 615

Solomon's Seal, 192

Sorbinose, 74

Sorbus, 535

Soredia, 416

Sorghum, 484

Sorosis, defined, 307

Sorus, 433

Sour Gum, 575, 677

Soy Bean, 540

Spadix, 259

Sparganium, 618

Spathe, 259

Spearmint, 595

Species, defined, 326

Species Plantarum, 325

Specific epithet, 330

Specific name, 329

Spermacia, 401

Spermagonia, 401

Spermatium, 358

Spermatocyte, 68
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Spenmatophyta, 14, 443

Spermatophy tcs, 14, 15, 443

Spermatosoid of fern, 68

Spermoderro, 312

Sperms, 16

Sphagnace*, 425

Sphagnales, 425

Sphagnum, 425

acutifoitum, 424

palustre, 425

squarrosum, 424

Spharclla, 338

Spiccbush, 523

Family, 522

Spiderwort 36, 40

Spigclia, 583, 686

Spigelia marHandicap 584, 585

Spike, 259

Spikelet, diagram of typical, 484

Spikelets, 259, 484

Spikenard, 575

Spinach, 514

Spine, defined, 189

Spiraa, 535

Spireme, 47

Spirilla, types of, 371

Spirillacea, 372

Spirillum, 365, 372

Spirochaeta, 348

Spirogjnra, 343, 344

Spirosoma, 372

Spirulina, 335

Spondiea, 552

Spongy parenchyma, 117, 223

Sporangiophores, 377

Sporangium, 67, 353, 377, 3 I

Spore, 68

bacterial, 368, 369

brand, 398

daughter-cells, 280

germination of, 346

mother-cells, 67, 280, 447, 457

print, 405

swarm, 375

Sporogonium, 428

404

Sporophyll, 433

Sporophyte, 53,

Sporulation, 368

Spring Beauty, 514

Spruce, 211 , 48i

Spruce Gum, 466

Spur shoot, 446

Spurge Family, 550

Spurs, sepahn 268

Squash, 188

Squill, 192, 490

St. John* Wort, 277

St John's Wort I irmly, 564

Staff Tree Family, 552

Slain,

Dclafirld's hematoxylin, 701

Fast Green, 682

Gentian violet, 683

Heidenhain's hatmat.wlin, 683

Ruthenium Red and Lead Act- tat'

686

Safranin, 686

Staining, 688

double. 688, 689, 690, 691

of celioidin sections, 701

of material in paraffin ribbons, 699

Stains, 680

Stamen System, 274

Figs, of, 276

Stamens, color of, 277

connation o! 275

definite, 274

diadelphous, 275

didvnamous, 275

epigynous, 275

gynandrous, 275

histology of parts, 277

hypogynous, 275

indefinite, 274

insertion of, 275

monadclphous, 275

monandrous, 274

number of, 274

perigynous, 275

•lyadclphous, 277

proportions of, 275

tetradynainous, 275

triadelphous, 277

Staminode, 275

Staphisagria, 301, 619

Staphylococcus, 368, 371

aureus , 373
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Star Anise, 516

Star Apple Family, 581

Starch, 75

assimilation, 76

Barley, 78, 81

Bean, 80, 82

Buckwheat, 81

Canna, 82

Cassava, 80, 81

characteristics of commercial kinds,

79-82

compound grains, 77

Corn, 79, 80

corrosion, 102

fill, 77

formation of, 64

Maranta, 78, 79

Pea, 80, 82

Potato, 78, 79

reserve, 76, 77

Rice, 79, 80

Rye, 78, 79

Sago, 78, 82, 456

simple grains, 77

structure and composition of, 77

transitory, 76

Wheat, 78, 79

Steckbeck, 36

Stegmata, 91

Stele, 144

Stem, defined, 186

direction of growth, 186

distinction from root, 160

elongation, 187

functions, 6, 186

generative tissues of, 187

modification of, 188

Sunflower, 194

Stemonitis Jusca, 375.

Stems, above-ground, 188

aerial, 188

aerial-tuberous, 188

alate, 187

annual, 187

ascending, 186

cactoid, 188

climbing, 188

compressed, 187

cylindraceous, 187

Stems, decumbent, 187

duration of, 187

elongation of, 187

endogenous, 193, 194

erect, 186

exceptional types of dicotyl, 203

exfoliating, 187

exogenous, 193

flexuous, 188

forms of, 187

fruticose, 190

herbaceous, 130, 189

histology of aconite 130

of annual dicotyl, 194

of herbaceous dicotyledon, 9,

130, 203

of herbaceous monocotyl, 215

of perennial dicotyl, 199

of woody monocotyl, 217

obconical, 188

perennial, 187

phylloid, 188

procumbent, 186

quadrangular, 187

reclining, 186

repent, 187

scandent, 188

shrubby, 190

size of, 186

spiny, 188

subcylindrical, 187

subterranean, 192

subterranean tuberous, 188

suffruticose, 189

tendriliform, 188

terete, 187

tortuous, 188

triquetrous, 187

truncate, 188

twining, 188

underground, 192

Sterculiacea, 557

Sterigmata, 390, 397

Sterigmatocystis, 391

Stevens, 104

Sticta, 414

Stigma, 290, 473

Stillingia, 551

Stillingia sylvatica, 551
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Stimuli. extriuic, 32

intrinsic. 32

Stink

404

Supulc, defined, 223

Stipules, 223, 246

axillary, 245

caducous scaly, 245

connate, 245, 246

free axillary, 245

free lateral, 245

lateral, 245

lateral-adnate, 245

lateral-connate, 245

lateral-interpetiolar,

Mil.

•

fied

iepaline, 269

Stolon, defined, 189

Stoma, 63, 251

Stoma Mother-cell, 253

Stomata, 123, 222

structure and develc

transpiration, 124

water, 124

Stomatal apparatus, 251

Fig. of types of, 254

Stomatal development, \

Stone cells, 1 1

9

Root

346

Storax, 532

Stramonium
300

Fig. of flower, 268

Fig. of fruit, 299

plan

86

stem of, 186

tree, 579

Streptococcus, 386, 31

erysipelatis, 373

scarlatina, 373

Streptothrix, 372

Strobile, 269, 307

Strobili, 457, 464

Stromata, 395

Strophanthin, 83, J

micro-chemic

Strophanthus, 313,

83

S*+kmikm kufiJm. 83, Ml, 689

Kmmht, 83,

Sirophiol 3 1

3

Sirychnina, 58!

Strychnine, 85

micitxhemic

it/ 685

Mm* Vmmm % 85, 204

Fig. of, 584

toxtftia, 585

288, 473

arms. 288, 289

collet ling hairs of, \

column, 289

»ds, 89 90

Styroct 582

Styrax, 532

583

tonkmmsis

Subdivision, 327

Subcrin, 24, 107

Succinum, 466

Succus Pomorum, 536

Suckers, 185, 193

Sucrose, 76

Sucrosum, 486, 614

Sugar cane, 75

Sugars. 74

Sulfuric acid, as reagent

Sumac Family, 551

Sumbul, 576

Summer Cypress, 514

Summer Savory, 596

Sundew, 530

Sundews, 260, 530, 622

Sunflower, 614

cross secti • i Htm, I'M.

195

histology of stem of, t
f>4

Surirella, 352

Suspensor, 439, 452

Sutures, 298

Swamproot, 615

Swarm spores, 375

Sweet Basil, 596

Sweet Birch, 504, 505

Sweet Cicely, 576

Sweet Flag, 618

Sweet Marjoram, 596
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Sweet Potato, 162, 590

Sweet Woodruff, 605

Sweetia panamensis, 539

Swertia Chirayita, 587

Syconium, 307

Fig. of, 290

Sympetalae, 579

Symphytum, 593

Symphytum officinale, 593

Symplocarpus Joetidus, 487

Syncarp, 471

Synedra ulna, Fig. of, 352

Synergids, 292, 474

Syngenesis, 265

Systema Naturae, 325

Systematic Botany, 323

defined, 2

Tabacum, 598

Tabellaria vulgaris, Fig. of, 352

Tamarack bark, 466

Tamarind, 301

Tamarindus, 539, 540

Tamarindus indiea, 540

Tanacetum, 615

Tanacetum vulgar e> 615

Tannins, 92

Tansy, 615

Tapetum, 67, 278, 280

Tapioca, 551

Taraktogenos Kurzii, 565

Taraxacum, 615

Taxacea, 465, 466

Taxies, 32

Taxodium, 619

Taxonomy, 323

defined, 2

Taxus baccata, 467

canadensis, 467

Tea, 85, 563

Tea Family, 563

Teak-wood, 593

Teasel Family, 608

Tecoma radicans, Fig. of seed, 313

Tectona, 593

Tegmen, 312

Tela contexta, 407

Teleutospores, 401

Teliospores, 400, 401

Telium, 401

Telophase, 50

Temporary mount, technique of mak-

ing a, 687

Tendril, defined, 189

Tendrils, 189

Terebinthina, 456

Canadensis, 466

Laricis, 466

Ternstrcemiacea , 563

Terpenes, 97

Terra Silicea Purificata, 350

Testa, 312

Tetrads, 67, 280, 474

Tetrasporangia, 358

Tetraspores, 358, 359

Thalamus, 262, 265

Thallophyta, 12, 333

Thallophytes, 12, 333

Thallus, defined, 12

Thamnidium, 381

Thea, 563

Thea sinensis, 563

Theacece, 563

Thelephorales, 403

Theobroma, 559

Theobroma Cacao, 559

Fig. of, 558

Theophrastus, 1, 323

Thermogens, 364

Thermotropism, 32

Thigmotropism, 36

Thiothrix, 373

Thistle, 610, 611

Thorn, defined, 189

Throat, 266

Thuja, 465, 466

occidentalis, 466

Thyme, 189, 695

Thymelceacea, 569

Thymus Serpyllum, 596

vulgaris, 595

Thyrsus, 261

Tilia, 559

americana, 559

Tiliacece, 559

Tissue, 111

assimilation parenchyma, 116

cambium, 114
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Tmuc, chioremhym
collcnchvma, 11

inducting, 151

parenchyma

cork, 1 >

cribriform, 133

embryonic, 1 1

4

endodermal, 127

epidermal, 122

fundamental, 111

generative, 113

ground, 116

laticiferoua, 131

mechanical, 151

medullary ray, 1

meristematic, 11

parenchyma.

parenchyma, 116

pericycle, 131

protective, 151

re parenchyma, 116

sclerenchyma, 1 1 3, 118

secreting, 151

sieve, 133

stony, 118

storage, 151

subcrous, 129, 130

tracheary, 135

Tissues, 8, 111

adult, 1 1

3

classifications of, 111, 15

complex, 113

primary, 111, 115

secondary, 112

simple, 113

Tobacco, 596, 597

Tolu, 539

Toluifera Balsamum* 539

Perth** 539

Tomato, 304, 596

Tonga, 487, 593

Tooth Fungi, 404

Tormentilla, 536

Toruiacea* 381

Torus, 262, 266

Touranose, 75

Tournefort, 325

Toxins, 33

Tracheae, 136

Tracheary ifcuur, 1 IS

Tracheid 135, 136, 139

fiber, 214

Trmbxmti**. 82, 253

Tragacamh, 95

1 ragatantha, 539

Trailing arbutus 272, Ml
Trama 407

Transpiration, 65,

Stomal*, 124

Stream, 226

Trap Mfc*r, 569

e*. 569

Tree, defined, 190

Trees, branching in 191

Trehalase 102

Trehalose 76, 102

Iremellaeej. 402

Tremeliaks, 402

Treponema * 373

Treviranus, 17

Tribes, 329

Trichogyne, 358

Trichomes. 124

Trichophyton* 412

Trifolium, 540

Irifolium praiense, 540

repens, 536

Trigonella Iienum-gracum, 540

Trilisa odoratisuma, 615

Trillium, 490

Trillium 490

Trimorphism, 289

Triti< urn, 485

Iriticum sativum* starch of, 79

Troptrolum* 267

Tropisms, 32

Tropophytes, 617, 619

True Fungi, 375

True Mosses, 426

Truffles, 394

Trumpet Creeper, 291, 313

Trunk, defined, 190

Trypsin, 103

Tschirch, 96

Tsuga* 465

Tsuga canadensis* 466

Tuber, defined, 192

Tuber* genus, 394
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Tuberales, 394

Tubercles, 176, 179

Tubiflorse, 590

Tubuliflora, 613

Tulip, 260, 266

Tulip Poplar, 516

Tung Oil, 551

Turgor, 155

Turnera aphrodisiaca, 566

diffusa, 566

Turneracea, 566

Turnip, 162, 240

Turpentine, 465

Bordeaux, 466

Turpeth Root, 591

Tussilago Farfara, 612, 615
Twig, 190

Twin crystals, 90

Tyloses, 213

Typha, 282

Uva Ursi, 581

corolla of, 273

Ulmacea, 507

Ulmus, 507

606
Ulothrix zonata, 341

Fig. of, 338

Ulva lactuca, 342

Umbel, 258

compound, 258

Umbellales, 575

Umbelliferce, 243, 266, 303, 576
Umbelliflor<e, 575

Unit characters, 643, 644

Uredinales, 399

Uredinium, 400

Uredo linearis, 401

Uredospore, 400

Urginea maritima, 490

Urtica mens, stinging hair of, 126

Urticales, 507

Usnea, 414, 417

Ustilaginales, 397

Ustilago Maydis, 397

Ustilago &*, 397, 398

Utricle, defined, 304

Utricularia, 248, 638, 639

Utriculariacece, 640

Uva, defined, 304

Vaccinea, 581

Vaccinium, 581

Vaccinium corymbosum, 581

Vacuole, contractile, 27

food, 26

Vacuoles, sap, 19, 40

Valerian Family, 608

Valeriana, 609

Valeriana officinalis, 608, 609
Valerianacea, 608

Valerianates, 608

Vallisneria, 291

Valves of fruits, 298

Vanilla, 496

Vanilla planifolia, 496

Figs, of plant, 495

histology of fruit, 307

roots of, 161

Vanilla Leaf, 615

Variations, 652

Varieties, 327

naming of, 331

Variety epithet, 331

Vascular bundles, 140

Vascular rays, 199

Vaucheria, 95, 346

Vaucheria sessilis, Fig. of, 345

Vaucheria terrestris, Fig. of, 341

Vegetable Kingdom, 1

Vegetative Multiplication, 46
Veil, partial, 406

universal, 408
Veins, 222, 230

Velamen, 161

Venation, leaf, 230

Venter, 69, 70

Venus fly-trap, 36, 625

Figs, of, 35, 626

Veratrina, 491

Veratrum viride, 490

Verbasci Flores, 600

Verbasci Folia, 600

Verbascum, 275, 599

Blattaria, 599

phlomoides, 600
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ilmpnj, ,600

600I hofiiui, 599,

W.bena, 595

Vabtm haslata, 593

Vnbtnattj, 595

Vernation, 230

Veromka, 275, 599, 600
nrgimca, 600

VcrticiUastci 261

Vervain Family 393

,135

laticifrrous, 132

Vexillum, 271

Vibrio, 372 , 373

Viburnum. 202, 263, 606

Viburnum Ofmlus, 1 50, 606

606,607
I inca, style of, 289

Viola, 289, 666

Viola odorata, 566

Viola tricolor, 124, 126, 66<

Violate*, 565

Violet. 189, 566

Violet Family, 565

Viscum, 479, 510

Viscum album, 510

Vitacta, 556

Vitamins, 105

Vrtis, 556

Vitis Labrusca, 557

Vittae, 148

Volatile oils, 96

Volva, 409

Volvocales, 337

Volvox, 29

history

340

Mohi

Vouacapo

Wafer Ash, 303, 545, 646

Wahoo, 553

Waldsteinia, 535

Walnut, Black, 504

Walnut Family, 502

Water Chestnut, 569, 617

Water Ferns, 436

Water Hyacinth, 617

Wwer Leaf 1 amity , 59

1

M
an:

Water Mold*, 376

Water Net Sm li

Water of organ**an
Watei >hamrork 4

Water Momata. 124

Wat 607

rd, 608

Waxes, 96

«gthmt 606

W \ I i 656
Weimmann's Theory, 656

469

Weymouth PSne 444

Wheat. 1 S9, 304

Fig. of fruit 304

Fig. of plant, 482

rust, 399

starch, 79
White Birch, 1^ at

lenticels, 204
White Pine, life history of, 444

branch showing

outline of life cycle

Wild Black Cherry 103

Wild Cherry, 258
Wild Columbine, 269
Wild Jalap, 59

1

Willow 259. 600
Willow Family, 499
Willow Herb, 569
Windflowcr, 260
Winter Cherry, 267
Wintergrcen, 297, 679
Winter's Bark, 516

Witchhazcl Family 531

W

634

:*:• rmom
Coniferous, 214

defined, 212

fibers, 122

heart-, 213

microscopic characters of coniferous

and angiospcrmous, 214

parenchyma, 117

pine, 212

ray, 139

sap-, 213
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Wood-rays, 170

Wood-wedge, 170

Wormwood, 615

Xanthophyll, 99, 100

Xanthorhiza, 519

Xanthoxyli Fructus, 546

Xanthoxylum, 546

Xerophytes, 164, 617, 619

Xylem, 140

defined, 142

primary, 143

ray, 139

secondary, 143

\

£amia, 455

life history of, 456

outline of life cycle, 462

£amia floridana, Fig. of, 459

Zjanthorhiza apiifolia, 519

^anthoxylea•, 545

^anthoxylum, 545

Americanum, 546

Zjanthoxylum Clava Herculis, 546

Zea N. F., 485

£ea Mays, 485

Fig. of, 483

starch of, 79, 80

structure of stem of, 215, 216

stages in development of elements Zedoaria, 492

of, 138

Yam Family, 491

Yarrow, 615

Yaupon, 25

Yeast, Brewer's, 382

Compressed, 386

vitamins in, 105, 106, 386

Wine, 386

Yeasts, bottom, 383, 386

classification of, 382

defined, 381

top, 384, 386

Yellow Jasmine, 583

Yellow Parilla, 521

Yerba Santa, 592

Yew, 467

Fig. of tracheid of, 23

Yew Family, 465, 466

Yohimbe, 605

Yucca, 220, 259

Zingiber, 492

Zingiber officinale, 492

Fig. of, 493

Zingiberacece, 492

Zizyphus, 556

Zjtyphus sativa, 556

Zoogloca, 178

Zoology, defined, 1

Zoospore, 45, 342, 345, 353

Figs, of, 353

Zoospore formation, 45

postera, 291

Zygnema, 343

Fig. of, 338

ZygnemacecB, 343

Zygomycetales, 376, 377

Zygophyceae, 333

Zygophyllaceae, 544

Zygospore, 46, 342, 345, 353 ,379

Zygote, 16, 46, 345, 348, 380, 461

Zymase, 102, 103

Zymogens, 364


