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Preface to the Seventh Edition

Since THE preparation of the Sixth Edition, marked progress has
occurred in various fields of botany, particularly in plant anatomy,
physiology, pathology, taxonomy, and economic botany. Some newer
and better techniques have been devised for the preparation of plant
materials for class work and investigation, and an increased and
revised terminology has evolved as a result of this progress.

These advances necessitated some change in the text, although
the general plan has becn retained. The book is intended primarily
as a textbook and secondarily as a reference. It has been thoroughly
revised from cover to cover. _

In the previous edition the author had broadened the scope of
earlier editions of ‘““Pharmaceutical Botany” through the introduction
of additional general basic botanical principles so as to meet the needs
of some courses in General Botany in universities and colleges where
students of Pharmacy and Liberal Arts alike take the same course in
General Botany. In the preparation of the new Seventh Edition the
author has further increased the material in general botany without
reducing the pharmaco-botanical subject matter of former editions.

In broadening the scope of this revision, the sequence of some of the
chapters has been changed with a view of leading students gradually
from the simpler and less technical to the more advanced aspects of
botanical science. , ,

Many portions of the text have been rewritten, a number of the
old cuts have been removed and replaced by better ones, and the
total number of illustrations has been increased.

Additional material on plant physiology has been introduced,
incjuding a new chapter on Metabolism which follows the chapters
on the vegetative organs. A new chapter on Plant Environment has
been introduced following Chapter 11, “The Seed.” This reorganized
chapter replaces the old chapter “Ecology” of former editions.

The chapters on “Plant Tissues” and “Non-protoplasmic Cell
Contents” of previous editions have been brought up-to-date by the
addition of new subject matter on meristems, phloem, xylem, vascular
rays, plant hormones, synthetic chemical growth regulators, and
vitamins. In this new edition these two old chapters have been com-
bined into one chapter called “Plant-Anatomy.”” This chapter should
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provide sufficient material for a one-semester course following General
Botany.

The Life History of the Male Fern, an intermediate type of plant,
has been transferred from Chaptcr IV .of the Sixth Edition to Chapter
20, “The Pteridophytes,” and is placed after the Orders of Ferns.

Chapter 15, “Classification and Naming of Plants,” contains
additional taxonomic information including both the traditional and
the newer systems of classification of the plant kingdom. Following
chapters dealing with the various taxonomic groups and important
economic subgroups contain descriptions of the drug-yielding plant
families and tables of alphabetically arranged names of drugs yielded
by them, accompanied by the botanical names and habitats of the
plants from which they are derived.

Appendix II has been enlarged to include newer reagents, stains,
and formulas for their preparation and, in addition, a number of
modern methods employed in plant microtechnic.

The Glossary and Classified List of Reference Works have been
retained and slightly enlarged.

The author desires to.express his appreciation to Drs. M. W.
Quimby and R. W. Vander Wyk of his department at the college and
to Dr. A. F. Hill of the Botanical Museum of Harvard University for
the helpful suggestions given him during the preparatlon of portions
of the manuscript. Grateful acknowledgment is made to the authors,
‘editors, and publishers of works from whom permission was checrfully
granted to use a number of illustrations in this edition.

~ Finally, the author wishes to express his gratitude to The Blakiston
Gompany, whose Editorial and Production Departments gave
splendid codperation during the period of revision.

Heser W. YOUNGKEN
BosTON, MASSACHUSETTS,
Septamber 1950



 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 Pharmacepeeia 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 of botany of both the university schools
and the independent pharmaceutical institutions. In both types of
schools botany should be taught with. cultural and professional ob-
jectives, and the pharmacy students provided with the proper pharma-
ceutical 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, taxonomy, 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 reor~
ganized some. of the chapters, provided some bhetter illustrations and
added 121 new figures. '
adcThe old chapter on Cytology has been dcleted and in its place new
chapters have been substituted on.“The Living Cell” and on ‘“Non-
protoplasmic Cell Contents.” Important additions have been made
to the subject of the dell and its contents including an amplification of
the subject matter on mitosis and new material on plasmodesma,
waxes, plant hormones and vitamins..

A new chapter has been added on “Genetics and Evolution” in
keeping with the needs of some of the courses in botany.

The chapters on “The Microscope” and on “Histological Tech-
nique” have been transferred from their former positions in the main
body of the text to the back of the book where they now appear as
Appendix I and Appendix II respectively. New material has been
incorporated under both of these captions including modern methods
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< of ﬁxanon, stmmng unbcddmg and mountmg plant matenals for
microscopic examination.

The chapter on “Plant Tissues™ has been lengthened and n:nproved_
by the introduction of much new material on the structure and physi-
ology of meristems, endodermis, tracheary tissue, laticiferous tissue,
xylem, phloem, the stele, bundles, leaf and branch traces, gaps and
nectaries.

The histological and physiological pertions of the various chaptcrs
dealing with Plant Organs have also been augmented with consider-
able new text and illustrative material.

The Glossary has been retained and somewhat enlarged as has also
the Classified List of Reference Works. A complete Index is also pro-
vided, making the data desired by the reader easily found.

Many new drawings, photographs and photomicrographs 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. Acknowledgment 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,

- 1o 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

Reserve University who furnished photographs on Zamia plants, and

to Asst. Professor H. L. Reed of the Massachusetts College of Phar-

macy who contributed the prints from which Flgs 138, 139 and 140

were prepared.

, Finally, the author wishes to express his appreciation to P. Blakis-

ton’s Son & Co. Inc. for doing its utmost in producing an attractive
and well bound book.

HeBer W. YOUNGKEN

BostoN, MASSACHUSETTS, '

June 1938



Preface to the F: irst Edition

The aim has been to eliminate from this book all those topics that
are of minor importance to the student and practitioner of Pharmacy.
As 2 pharmacist and teacher, the writer feels that the botanical prepa-
ration for Pharmacognosy and Materia Medica, in those collcges
where Botany is given for one year, should include mainly the struc-
tural and systematic aspects of the science. In the Medico-Chirurgical
College, of Philadelphia, Botany is taught the first year, extending
over a period of 155 hours. The author has introduced in this concise
volume the important subject matter of his lectures given to first year
students, and has omitted laboratory directions for the obvious reason
that fixed subjects for laboratory study are unnecessary. It is not a
book on Pharmacognosy, however, since it does not describe how
one drug differs from another of the same group in all of its details.

The work is included in two parts. Part I is largely devoted to the
morphology (gross and minute) and, to a less extent, the physiology
of the Angiosperms. Part II deals with thc taxonomy of plants,
mainly but not wholly of medicinal value, together with the parts
used and the names of the official and non-official drugs obtained from
these. : ,

The author does not claim sole originality for the facts presented,
‘but has consulted many sources of information, mention of which will
be found in the bibliography of the text. '

Acknowledgment is here made to his esteemed friends, Dr. Francis

E. Stewart of the Medico-Chirurgical College and Dr. john M.
Macfarlane of the Univ. of Penna., for valuable assistance in the
reading of the proofs and preparation of the index. A
' H. W. Y.
Philadelphia o
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1

Scope and Importance of Botany

Borany is the science which treats of plants. Plants are living
things or organisms belonging to one of the two great kingdoms 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 Sordyy meaning
pasture, grass, or fodder. Man’s first inquiry into. plants was undoubt-
edly prompted by his instinct to seck food, and doubtless began with
his first appearance on the earth. History records the first pursuit of
botany as a science by the ancient Assyrians, Chaldeans, Egyptians,
and Greeks, who cultivated it particularly in relation to sources of
food supply. The Grcek -philosopher’ Aristotle (384-322 B.C.) early
commented on certain of the problems of plant life.

Early man found that some plantc possessed medicinal properties
and his interest was then focused in the direction of plants as sources
of medicines. The earliest pionecrs 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 settlcrs. They were followed in Europe by the
rhizoismoi or root collectors who gathered medicinal herbs and pre-
pared them for the p/zarmacopolaz or drug vendors. Probably the greatest
of the early European pioneers in this field was Theophrastus of Eresus,
a Greek philosopher and pupil of Aristotle, who lived between 372
and 287 B.C. He wrote 10 books on the “History of Plants® in which
about 500 species of plants used in the treatment of various diseases
are described. Dioscorides, a Greek physician, about A.D. 77 wrote a
“Materia Medica” which included a large number of descriptions of

medicinal plants and all the medicinal substances then known together
1
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with their properties. For over 16 centuries his text was recognized
as the supreme authority on these subjects. The early Romans also
. contributed to the development of Pharmaceutical Botany. Outstand-

ing among these were Pliny the Elder (A.D. 23-79), who in his
“Historia Naturalis” crudely described about 1000 plants, many of
which possessed meédicinal properties, and Galen (A.D. 131-200), a
Graeco-Roman, who wrote a “Materia Medica.”

During the Middle Ages German botanists known as herbalists
contributed books containing crude classifications and descriptions
of plants mostly of purported curative value. Thesec books were
known as “herbals.” Outstanding among these herbalists. were: Otto
Brunfels (1464-1534), who wrote “Herbarum Vivae Icones” (“Living
Pictures of Herbs”); Hieronymus Bock (1498-1554) who issued his
“Kreuterbuch”; Gaspard Bauhin (1560-1624), author of “Pinax
theatri botamcx” Leonhard Fuchs (1501-66), who wrote “De -
historia stirpium’’; and Valerius Cordus (1515-44), the most original
writer of them all. Cordus instilled renewed vigor into botany by
describing, direct from nature, about 450 plants which he found in
his field trips in the forests and mountain glens of his native land. His
greatest work, ‘Historia Plantarum,” was edited and published post-
humously by Conrad Gesner in 1561. During the latter part of the
sixteenth century and in the seventeenth century, a number of English
botanists contributed herbals, containing further data on medicinal
and aromatic plants. Notable among the English herbalists were John
Gerarde, who issued_ his “Herbal” in 1597; Nicolas Culpeper, who
wrote “A Complete Herbal,” published. in 1653; and John Parkinson,
who contributed “Theatrum botanicum’ in 1640.

The ancient writers in botany and the herbalists gave little atten-
tion to the systematic classification of plants. In most of their works,
plants were grouped according to size as herbs, shrubs, and trees, or
accordmg to the sequence of the alphabet. Many of the plant names
found in their writings were long Latin sentences. It remained. for
Cesalpino, an Italian botanis, to introduce the first therough and -
well-organized system of clamﬁcauon based upon those described.
His “De Plantis” appeared in 1583. By the middle of the eighteenth
century many thousands of plants native to the Old and New World
became known, and the most orderly arrangement for the plants then
recognized was given by the great Swedish botanist, Carolus Linnzeus,
in his “Species Plantarum” of 1753. Linnaeus also founded the bino-
mial system of classification which reduced the name of every species
of plant to two words. This simpler system has prewled to the present
day.

Attention was thus concentrated upon the classification of plants
and gradually investigations followed on their structure, functions,
development, geographical distribution, habits, relationships. discases.
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etc., until today the scope of botanical study embraces every kind of
inquiry about plants.

The field of botany has thus dcve]opcd many specialties or
departments of inquiry.

Departments of Botanical Inquiry

1. Plant Morphology treats of the parts, or structure, of plants.
It is divided into:

(a) MAcrOMORPHOLOGY or GRrOss ANATOMY -OF PLANTS, which
deals with the external characters of plants and of their parts or
organs; (b) MICROMORPHOLOGY, PLANT ANATOMY, or PLANT His-
TOLOGY, which considers the minute or microscopic structure of
plants and plant tissues; and (¢) PranT CyToLogy, which treats of
plant cells and their contents.

Plant Anatomy and Morphology were founded in the seventeenth
century by Marcello Malpighi in Italy, and Nehemiah Grew in
England.

2. Plant Embryology treats of the stages of growth, differentia-
tion, 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
preparationof 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 accordance with
their relationships to one ‘another. It also is concerned with the
identification, the accurate dcscnptlon and the naming of plants. All
of the plants found growmg in a certain reglon constitute the flora of
that region.

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 aninals. ’

6. Plant Genetics deals with the coming into being of new indi-
viduals or races of plants. It seeks to account for the resemblances and
differences shown by plants related by descent.

7. Plant Pathology or Phytopathology treats of diseases of

lants.

P 8. Plant Geography or Phytogeography treats of the distribu-
tion of plants upon the earth. The center of distribution for each
species of plant-is the habitat or the ‘original source from which it
spreads, often over widely distant regions. When plants grow. in their
native countries they archa “to be indigenous to those regions. When
they grow in a locality other than their original home they are said
to be naturalized. '
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9. Geologic Botany or Phytopaleontology treats of plants of
former ages of the earth’s history traceable in their fossil remains.

10. Cryptogamic Botany is the botany of the flowerless plants or -
cryptogams, such as the pond scums, fungi, mosses, ferns, and their
allies.

11. Phanerogamxc Botany is the botany of seed plants.

12. Algology is the botany of algae.

13. Mycology is the botany of fungi.

14. Bryology is the botany of mosses and liverworts.

15. Dendrology treats of the natural history of trees.

16. Plant Microtechnic deals with methods and procedures of
preparing microscopic slides of plant materials.

17. Economic or Applied Botany deals with the science from
a practical standpoint, showing the special adaptation of the vegetable
kingdom to the needs of everyday life. It comprises a number of sub-
divisions, viz.: PHARMAGEUTICAL BOTANY, or the botany of drug, spice,
dye, and poisonous plants; BacrerioLocy, which treats of micro-
organisms called bacteria and with viruses; PHARMACOGNOsY, which
treats of the history, commerce, selection, identification, valuatlon
and preservation of crude drugs and other raw materials of plant and
animal origin; AGRIGULTURAL BoTany or AcroNoMY, which treats of
crop plants; HORTICULI‘URE, which treats of the cultxvatlou of garden
and orchard plants; FORESTRY, which treats of the management of
forests and of timber plants; Prant BREEDING, or the application of
principles 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 considered
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 prepare' the student ade-
quately for the more advanced studies of Pharmacognosy, Industrlal
Microscopy, and Drug Plant Cultivation.

Importance of Botany to Man

General Botany should give to the student an over-all understand-
ing of various members of the plant kingdom. With this understanding
the student acquires a better appreciation of things which are con-
tacted in everyday life. Not a day passes without plants and plant
products playing a very important part in the life of everyone.

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;
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with hairs and fibers with which to manufacture clothing, papers,

and books; with fuel to heat our buildings; with dyes to color our gar-

ments and ornaments and preparations; with oils and resins to manu-

facture 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; with vitamins without which we could not maintain
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 observatlons and experiments with
plants.

~ We look to the plants for a large number of our drugs and to the
pattcrns obtained by the examination of many of their constituents
for. the chemical synthesis of a large number of important orgamc
chemicals, mcdxcmcs, 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 chemi-
cals which are daily used in pharmacy, medicine, and the industries. '

Numerous woody and herbaceous plants are used as ornamentals,
and these add much to the pleasantness of our environment. Certain
other species yield important insecticides which are valuable in con-
trolling insect pests. The development of numerous synthetic poisons
has not lessened the importance of such matenals as rotenone, nico-
tine, pyrethrum, and sabadilla.

Man has come to realize the importance of vegetation in prevent-
ing erosion of the soil by wind and water and in water conservation.

Not all plants are beneficial, by any means. Food spoilage is
‘saused by minute plant forms, as are certain diseases of both animals
‘and plants. Certain kinds of plants are poisonous to humans and: to
other animals either upon contact or when ingested in sufficient
amounts. Many plants occur as weeds in our gardens and in the soil
amidst farm crops; and add rmlhons of dollars annually to the cost of
food production.

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, and many are of great economic importance to pharmacy,
to agriculture, and to the dairy, alcohol, and tanning industries.

The study of botany unfolds many of Nature’s secrets, enhances
one’s appreciation of Nature’s beauty, develops one’s powers of
observation, and forms a sound foundation for the understanding of
many problems in pharmacy, chemistry, agriculture, industry, and
the biologic sciences.



