-7

ECONOMIC BOTANY

A Textbook of Useful Plants
and Plant Products

Albert F. Hill

Research Fellow in Economic Botany
Harvard University

{ AJ’;“(‘:’
7 ‘NLIDP\ AP v,
Il ~ faa Y
N S /?f e o
i e~ ¢t
o N - i
e Y e {
= %ti;‘ij

SECOND EDITION

New York Toronto London
HMcGRAW-HILL BOOIX COMPANY, INC.
1952



FCONOMNIC BOTANY

Copyright, 1937, 1952, by the MeGraw-11ill Book Company, Ine. Printed in
the United States of America. All rights reserved. This hook, or parts thercof,
may not be reproduced in any form without permission of the publishers,

IT

THE MAPLE PRESS COMPANY, YORK, PA.



PREFACE TO THE SECOND EDITION

The impact of a second World War has served to bring home more
forcibly than ever the dependence of our modern civilization on plants and
plant products. Once the normal sources of supply were cut off and the
exigencies of the war brought about an increased demand, many fibers,
oils, fats, insecticides, and drugs, as well as rubber, were quickly classified
as strategic materials. An adequate food supply, both for domestic
use and for export to less fortunate countries, became of paramount
importance.

Greater production both of food and of the strategic materials was
imperative. In the case of domestic plants this involved merely an
increase in acreage and the utilization of improved methods of cultivation
and harvesting. Where foreign plants were concerned, attention was
usually first directed to the possible introduction and establishment of
these species in the Western Hemisphere. In cases where this was
impracticable, it was necessary to secure satisfactory substitutes. Many
formerly little-known species suddenly became of great importance.

The past few years have also seen many advances in the field of medi-
cine and the utilization of drugs obtained from plants that were virtually
unknown a decade or so ago. The result of all this effort has been a
definite change in the agricultural and forest practices of the various
countries, particularly those of this hemisphere. Some of these changes
will be permanent, others more transitory in nature.

In the present revision an attempt has been made to take cognizance of
these matters and to evaluate them as to their possible future significance.
In consequence the subject matter has been completely revised and
several chapters have been entirely rewritten. Some 140 additional
species are discussed and new illustrations have been added.

In the present unsettled state of world affairs statisties of production
in the several countries and of imports into the United States vary so
froni year to year that they are of little value. Consequently, it has
seemed advisable to reduce such statistics to a minimum.

The list of species includes all new species discussed in the text, and
the nomenclature has been carefully checked and brought up to date. 1In
order not to Lo too unwieldy the bibliography is restricted to works that
have been published since 1936.

The author wishes to express his appreciation to those of his friends
and colleagues who have made suggestions and critical comments or
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vi PREFACE TO THE SECOND EDITION

otherwise furnished valuable assistance and advice during the progress of
the work. He is particularly indebted to Professor Paul C. Mangelsdorf
for his interest and friendly cooperation.

The author is also greatly indebted to Dr. Walter H. Hodge of the
U.S. Department of Agriculture and Dr. Richard E. Schultes of the
Botanical Museum of Harvard University for the use of many of their
original photographs and to the Massachusetts Horticultural Society,
the McGraw-Hill Book Company, and the Botanical Museum for permis-
sion to reproduce several illustrations which have appeared in their
publications.

Aperr F. HiLw

CAMBRIDGE, Mass.

December, 1951



PREFACE TO THE FIRST EDITION

Tor some years past there has been an ever-increasing feeling among
educators that the average college courses in elementary science have
fallen far short of meeting the needs of the average student. Ior the
most part such courses have been conducted on the supposition that their
sole purpose was to lay the foundation for further advanced work in their
particular field. For the man who knows what he wants, this is essential.
Many students, however, fall into other categories. Some take a first
course because it is required; others to see whether or not they might
become seriously interested in a subject; and still others out of idle
curiosity or some less tangible reason. In such cases an elementary
course should be so constituted as to be interesting and profitable to the
extent of adding to the student’s general fund of knowledge even if he
does not continue in the field. In other words the course should have
more of a cultural than a purely technical value. As Gager states it in
the preface to his “General Botany,” “A subject has cultural value in
proportion to the number of human contacts it gives the pupil, the extent
to which it broadens his views and extends his interests and sympathies.”

The field of applied science, dealing with the practical or economic
aspects of a subject, lends itself much better to such treatment than does
the field of pure science. This is particularly true of botany. From
earliest time plants have been intimately bound up with human exist-
ence. Not only have they played an important part in the everyday life
of mankind, but they have had a profound influence on the course of
history and civilization. A knowledge of the industrial, medicinal, and
edible plants cannot fail to broaden one’s outlook.

Even though the value of including a considerable amount of economic
material in a beginning course in botany may be recognized, the limita-
tions of time or various curriculum requirements usually render such a
procedure impracticable. It should be possible, however, to offer at
least a half-year course devoted to economic plants as a supplement to
the usual first year’s work. Such a course would appeal to students in
chemistry, economics, and other fields, as well as to those interested
particularly in plant science. Moreover, such a course in economic
botany ought to be valuable to the science itself. Botany, more than
any other science, has suffered from a lack of interest and appreciation
on the part of the average person. Any attempt to educate the layman
as to the importance of plants cannot fail to be productive of some
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beneficial results, and may help in establishing botany on a par with
chemistry, physics, geology, and zoology in the eyes of the world.

The present book is the outgrowth of several years’ experience in
presenting a one-semester course dealing with cconomic plants.  The
material utilized is of necessity limited, for the whole field of economice
botany is too vast a subject, and only the surfuce can be seratehed.  An
attempt has been made to include the most important plants of Ameriea
and other parts of the world insofar as they enter into international com-
merce. It has not seemed advisable to give the detailed morphology of
the various species discussed, or to consider too fully their agricultural
and commercial aspects.  Such information can be obtained from supple-
mentary readings which should be an integral part of the work of the
course. A list of 89 important reference works is appended, and the
instructor will find numerous articles available in current magazines,
government bulleting, and similar sources. IFor the benefit of anyone
interested in the taxonomic phases of the subject, a systematic list of
the species discussed is appended.

Although intended primarily as a textbook, this work should have an
appeal to the ordinary reader, since material of too technieal a nature has
been avoided as far as possible.

The author wishes at this time to express his sincere appreciation of all
the assistance that has been granted him during the preparation of the
book. He desires especially to thank Professor Oakes Ames, who has
read the entire manuseript, for his constant interest and valuable sugges-
tions; Professor Samuel J. Record, I'. Tracy Hubbard, and Horace N.
Lee, who have criticized various sections; and all others who have in any
way contributed with advice and comments.  Special thanks are due the
staff of the Botanical Museum of Harvard University for their courtesy
in placing the facilities of the museum at his disposal and for their friendly
cooperation in many ways.

The author is also deeply indebted to many institutions and individuals
who have contributed photographs for use as illustrations. In this con-
nection his thanks are due the Bureau of Plant Industry and the Forest
Service of the United States Department of Agriculture; the Botanieal
Museum, the Arnold Arboretum, and the Gray Herbarium of Harvard
University; the Massachusetts State College; the University of Maine;
the University of Minnesota; the Connecticut Agricultural Experiment
Station at New Haven; Breck and Company: the United Fruit Com-
pany; E. L. Patch and Company; the United States Beet Sugar Associa-
tion; the Minute Tapioca Company; and the following individuals: Pro-
fessor 8. J. Record, Professor H. W. Youugken, Professor W. T1. Weston,
Professor D. H. Linder, Dr. . M. Dearborn, and Mr. R. E. Schultes.

The author further wishes to express his indebtedness to Ginn and
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Company, the MceGraw-Hill Book Company, Ine., P. Blakiston’s Son &
Company, The Macmillan Company, World Book Company, and the
editors of the American Journal of Pharmacy for permission to reproduce
various figures which have appeared in their publications, due credit for
which is given in each instance.
Auperr IF. HiLn
Harvarp UNIVERSITY
April, 1937






CONTENTS

Preface to the Second Edition. . . . . . . . . . v

Preface to the IMirst Edition . . . . . . . . . . vi
INTRODUCTION

I. The Importance and Nature of Plant Products. . . . 1

P

InpUsTRIAL PrLanTs AND Praxt Proouvers

11 Fibers and Fiber Plants . . . . . . . . . . I8
“III. Forest Products: Wood and Cork. . . . . . . . 52
IV. Forest Resources . . . . . . . . . . . . 8¢
V. Tanning and Dye Materials . . . . . . . . . 118
-VI. Rubber and Other Latex Produets . . . . . . . 135
VII. Gums and Resins . . . . . . . . . . . . 181
VIII. Essential Oils . . . . . . . . . . . . . 175
IX. TFatty Oils and Waxes . . . . . . . . . . . 191
Y X Sugars, Starches, and Cellulose Products . . . . . 210

Druc PranTs Axp Drucs
XI. Medicinal Plants . . . . . . . . . . . . 242
XII. Fumitories and Masticatories. . . . . . . . . 2068

FFoop PrLaxTts

XIII. The History and Nature of Food Plants. . . . . . 286
“XIV. The Major Cereals . . . . . . . . . . . . 296
~» XV. The Minor Cereals and Small Grains . . . . . . 319
“XVI. Legumesand Nuts . . . . . . . . . . . . 33
XVII. Vegetables . . . . . . . . . . . . . . 33
XVIII. Fruits of Temperate Regions . . . . . . . . . 385
XIX. Tropical Fruits . . . . . . . . . . . . . 400

xi



xii CONTENTS

Foop Apruxcrs
' XX. Spices and Other Flavoring Materials
\/XXI. Beverage Plants and Beverages

APPENDIX
Systematic List of Species Discussed
Bibliography .
List of Visual Materials

Index .



CHAPTER I
THE IMPORTANCE AND NATURE OF PLANT PRODUCTS

THE IMPORTANCE OF PLANTS AND PLANT PRODUCTS TO MANKIND

The average man is likely to consider himself as a being apart from the
rest of the organic world, enabled by reason of his superior intellect to
lead a self-sufficient and independent existence. He loses sight of the
fact, or is ignorant of it, that he is absolutely dependent on other organ-
isms for his very life, and his material happiness as well. His superior
intelligence has made him more dependent rather than less so.  Although
various animal and mineral products contribute to his welfare, it is the
plant kingdom that is most essential to man’s well-being.

Man’s dependence on plants for the essentials of his existence has been
of paramount importance in his life since the human race began.  Prim-
itive man probably had few needs other than food and a little shelter.
Civilization, however, has brought with it an ever-increasing complexity,
and has increased man’s requirements to an amazing degree. The
man of today is no longer content merely to exist, with food and shelter
as his only wants. He desires other commodities as well, and raw mate-
rials that can be converted into the many useful articles and products
which contribute to his enjoyment of life, and which incidentally increase
his debt to plants.

The three great necessities of life—food, clothing, and shelter—and a
host of other useful products are supplied in great part by plants. An
adequate food supply is, and always has been, man’s most outstanding
neced. In the last analysis all his food comes from plants. To be sure
he may cat the flesh of animals, but these lower animals are just as
dependent on plants as man himself, and they are equally unable to
manufacture any of their food from raw materials. Clothing and shelter,
the other prime necessities of life, are derived in great part from plant
fibers and from wood.  Wood is one of the most useful plant commodities
in the world today, and it played an even greater role in the past.  Aside
from its use as a structural material, wood is valuable as a source of
paper, rayon, various chemicals, and fuel.  Other types of fuel, such as
coal and petroleum, make available for man the cnergy stored up by
plants that lived and died ages ago.  Drugs, used to cure disease and
relieve suffering, are to a great extent plant produets. Industry is
dependent. on plants for many of its raw materials.  Cork: tanning
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2 ECONOMIC BOTANY

materials and dyestuffs; the oils, resins, and gums used in making paints,
varnishes, soap, and perfumes; and rubber, one of the most outstanding
materials of modern civilization, are but a few of the valuable products
obtained from plants.

Aside from their value as sources of food, drugs, and many of the raw
materials of industrialism, plants are important to man in many other
ways. The role of colorlessplants in the economy of nature; the part
that bacteria play in disease and many industries; and the effects of
forests and other types of natural vegetation in controlling floods and
erosion are but a few examples. The aesthetic value of plants has no
small influence on man’s enjoyment of life, as evidenced by the host of
garden enthusiasts and flower lovers.

The production and distribution of plant products have a profound
influence on the economic and social life of the nations of the world,
affecting both domestic conditions and international relations, and even
changing the course of history. It will not be possible within the limits
of the present volume to consider the many aspects involved and their
fundamental bearing on human affairs and activities. A few examples,
however, may be permitted by way of illustration.

The maintenance of an adequate supply of food and raw materials for
the use of industry is essential to the existence, as well as the prosperity,
of any nation. Few countries are independent in this respect, with the
result that foreign trade, with its many ramifications and consequences,
plays a necessary and important part in the life of the world. When the
population of a country is small, the problems involved are not very
great. Most of the civilized nations, however, not only have a large
population, but one that is entirely out of proportion to the country’s
ability to produce the necessities of life.  This tendency to overpopulation
in excess of the maximum possible production of food and raw materials
is responsible for many of the difficulties and problems that harass the
modern world, especially in the case of nations with a restricted land area.
The necessity for finding an outlet for their excess population, which all
too often is steadily inecreasing, and the desirability of adding to their
domestic supply of commodities have been responsible, in great part, for
the policies of aggression that many such countries have pursued in
recent yvears. The story of Japan in Korea and Manchuria and of Italy
in Ethiopia are cases in point.

In recent years various economic problems concerned with agriculture
have become increasingly important in the United States, and in other
countries as well. These have served to bring home more clearly than
ever before the intimate relationship between plants and human welfare.

One of the most serious of these agricultural problems is concerned
with overproduction, a condition that has frequently arisen in the history
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of agriculture. Whenever a large supply of any commodity is available
for the market, it usually results in lower prices, which often fall below
the figure at which a profit can be realized. A particularly serious case
of overproduction had developed in the United States in 1929 when the
failure of foreign markets and the low buying power at home combined
to cause the piling up of a huge surplus of agricultural products. The
lowering of prices which followed created such a great discrepancy
between the cost of production and the prices received for the products
that the farmers were threatened with wholesale bankruptey and the
welfare of the entire nation was impaired. The efforts of the government
to deal with this problem through subsidies, erop reduction, crop adjust-
ments, and other means are familiar to all. It has been estimated that
there are still several million more acres under cultivation than are
necessary to supply all the demands for farm products, both at home and
abroad. If this is the case, an obvious method of combating further
overproduction would be to remove some of these unnecessary acres from
cultivation.

Another agricultural problem concerns the proper utilization of the
land, and this is related to characteristics inherent in the plants them-
selves. The successful pursuit of agriculture in any area depends on the
presence of certain environmental factors that are necessary for the
particular crop concerned. Itach species differs in its soil, moisture,
temperature, and other requirements. Satisfactory growth and develop-
ment can take place only if all these factors are present in proper amounts.
This fact has often been ignored and agriculture has been carried on in
regions utterly unsuited for crop production, particularly on a commer-
cial scale, with consistently unsatisfactory yields and low financial return
as the inevitable result. To remedy this situation, the retirement of
these submarginal lands, as they are called, from agriculture has been
advocated. This would make possible the utilization of the areas for
forests, grazing, wild-life conservation, and human recreation, and at the
same time would contribute to crop reduction. The resettlement of
some of the farming population, which accompanies the abandonment of
agriculture in such areas, obviously has a profound effect on human
activities.

Still other agricultural problems are physical, rather than economie,
in nature, and are concerned more with productivity than production.
The practice of farming necessarily brings about the destruction of the-
natural vegetation, which has a protective function: this induces con-
ditions that result in the deterioration of the soil.  This deterioration
may consist of the exhaustion of the mineral nutrients, which is not a
serious matter since it can be compensated for by the use of fertilizers,
or it may comprise the permanent loss of soil through erosion.
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Frosion is caused primarily by the action of water and wind. In the
ease of water, two types of erosion are produced —sheet erosion and gully
erosion. In the former a thin sheet of soil is gradually removed from
slightly sloping fields. The process is hardly noticeable and, although
widespread, it is not very destructive. Gully erosion, on the other hand,
is brought about by the concentrated runoff of water and, where con-
ditions of slope and soil arc favorable, results in the formation of deeper
and deeper gullies, which eventually render the area unfit for agriculture
for all time. Several million acres in the Southern states have been
made worthless as the result of this type of erosion. If it is allowed to
continue unchecked, its results may be so serious that human life is
rendered impossible and barren deserts are the outcome. This has been
the case in many parts of China.

Wind erosion is always more or less active on loose and sandy soil,
and it is greatly increased as the result of cultivation and overgrazing,
which tend to deplete the moisture-containing humus and pulverize the
soil.  The growing of cereals, which require constant cultivation, is
especially likely to bring about conditions that favor hoth wind erosion
and water erosion. The serious situation that developed some years ago
in the semiarid regions of the Great Plains is a case in point. Even
though the district was unsuited to the purpose, extensive areas of the
natural grassland vegetation were plowed up and planted to cereals.
The breaking up of the soil and the unusual drought that occurred over a
period of several years combined to make conditions exceedingly favor-
able for wind erosion. This was responsible for the great dust storms
that prevailed in the area and brought widespread destruction in their
wake, not only wearing away the soil in some places, but depositing the
eroded material on fertile ground elsewhere, thus rendering countless
additional acres unfit for agriculture, and even for human habitation
for many years. It is essential that some sort of soil conservation be put
into practice before it is too late. The policies involved in soil conser-
vation include the preservation of soil fertility, the prevention of erosion,
the promotion of better land utilization, the stabilization of eroded aveas,
and various types of crop adjustments.

Plants have been and still are responsible for many of the social ills
that beset mankind. In times past the exploitation of workers in various
fields of activity concerned with plants has had serious consequences.
As examples may be cited slavery, which went hand in hand with the
production of cotton in the southern United States; the cruel treatment
of the native rubber workers in the Belgian Congo, which shocked the
entire civilized world in years past; and more recently the plight of rubber
collectors in Brazil.

At the present time the problem of the migratory farm laborer, the
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share cropper, and the working conditions of farm labor in general are
much in evidence.

Perhaps the chief social problem for which plants are responsible is
the narcotic drug habit and the illicit trade that has grown up around it.
This constitutes one of the most serious aspects of our modern eivilization.

The comments made in the foregoing pages, inadequate though they
may be, may perhaps serve to give some idea of the many ways in which
plants and plant products affect the welfare of mankind.

-

THE NATURE OF PLANT PRODUCTS

Before one can fully appreciate the importance of plants, however,
some knowledge of their structure and activities is desirable. TFor
plants do not manufacture fibers, gums, resins, starch, sugar, and the
countless other materials of use to man from any altruistic motive.
ISach and every one of these products plays a definite role in the life of
the plant itself. Some of them contribute directly to the welfare and
maintenance of the plant, while others represent waste products of its
various activities.

PROTOPLASM AND ITS ACTIVITIES

The living substance in plants, as in animals, is protoplasm, and it is
this protoplasm which exhibits the various characteristies that dis-
tinguish living matter from nonliving. Protoplasm, for example, has a
definite chemical composition peculiar to itself and unlike anything in the
inorganic world. It is even more distinctive in its behavior.  Asa result
of the normal activities of the organism the existing protoplasm is con-
tinually being used up or worn out. This destructive process is com-
pensated for by a constructive phase in which new protoplasm is built up
from raw materials. This dual process of waste and repair is constantly
going on during the life.of the organism, and constitutes its metabolism.
Other manifestations of life which protoplasm possesses are its ability to
grow, to reproduce, and to respond to stimuli.  Finally protoplasm does
not oceur in a hit-or-miss manner, but has a definite organization.
Ivery plant and animal consists of one or more infinitesimal units known
as cells (Fig. 1).  These little unit masses of protoplasm are the foun-
dation stones of both the structure of the organism and its functional
activities.  In one-celled organisms all the vital processes are carried on in
the single cell.  In the higher plants and animals, where the number of
cells is well-nigh countless, a division of labor oceurs. Some cells will
arry on one activity, while others will be adapted for different functions.

Cells that are utilized for some particular function are likely to be
similar in structure and appearance, and are usually grouped together
to constitute what is known as a tissue. The plant body comprises
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many such tissues, each of which carries on some special work., The:
organs of the plant, such as roots, stems, and leaves, are aggregations of,
tissues so situated that the particular function involved can be carried
on to the best advantage.

o8 0 :0Q00C
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F16. 1. Various types of cells. 4, a wood fiber; B, a tracheid; C, a vessel cell; D, a sieve
tube with its row of companion eells; E, 1 parenchyma cell from the wood; F, a glandular
hair, consisting of several cells; G, a group of cells from a growing region; H, two epidermal
cells in section; I, four thin-walled parenchyma cells from a storage region; J, a group of
collenchyma cells; K, a stoma with its two guard cells, seen in face view; four adjacent
epidermal cells are also shown; L, a very thick walled *‘stone cell” in sclerenchyma.

(Reproduced from Sinnott, Botany; Principles and Problems, McGraw-Hill Book Company,
Inc.)

PHOTOSYNTHESIS

The most significant of these functions in the life of the plant, and for
that matter in the life of the whole organic world, is photosynthesis.
This is the manufacture of food directly from raw materials of the
inorganic world. With the exception of a few bacteria, green plants are
the only living things that can actually make food. Animals and colorless
plants, which do not have this ability, are in the last analysis absolutely
dependent on green plants for their existence. Photosynthesis is carried
on, in higher plants, chiefly in the leaves. Using the energy of sunlight,
which is put to work through the agency of chlorophyll, the green color-
ing matter, carbon dioxide and water are combined to produce glucose
(grape sugar), with oxygen as a by-product.

The grape sugar formed in photosynthesis is transported to every cell
of the plant, and within the cells is used as a source of energy, or is further



THE IMPORTANCE AND NATURLE OF PLANT PRODUCTS 7

transformed by various physical and chemical processes into all the
substances that play a part in the structure and life of the plant. In
other words, the utilization of the photosynthetic sugar constitutes the
plant’s metabolism. This utilization takes several different forms, but
there are five main processes involved: (1) the formation of the cell walls,
which constitute the plant skeleton; (2) the manufacture of new proto-
plasm; (3) the elaboration of various food materials for immediate use
or for storage as reserve foods; (4) the production of various secretions
and excretions; and (5) the release of energy through the breaking down
of the sugar as the result of respiration. We shall consider briefly the
various substances formed during the four constructive processes involved
in metabolism, indicating their importance to the plant and their useful-
ness to man.

THE PLANT SKELETON

The vast majority of plant cells are enclosed by a protecting and
limiting structure known as the cell wall. These walls afford strength
and rigidity to the organism, serving as a sort of skeleton. The walls
are always composed of cellidose, either alone, or in combination with
other substances. Cellulose 1s a nonliving material elaborated by the
plant from grape sugar. Chemically it is a highly complex carbohydrate
with the formula (CsH1605),.. The cell walls, like the cells they enclose,
are exceedingly variable in size and appearance. Certain types of cells
have walls that are very much thickened, and these sclerenchyma cells,
as they are called, are the most useful for supporting purposes. As the
plant body increases in size, more and more support is required and
various sclerenchyma tissues are formed, consisting chiefly of fibers.
TFibers are long pointed cells with very thick walls and correspondingly
small cavities. They tend to interlace and are capable of contracting
and stretching. Some fibers, such as the hairs on cotton seceds, have
walls that are almost pure cellulose. In other cases, as in the bast fibers
found in the bark of many plants, some lignin is present. In the shorter
wood fibers (Fig. 2) the walls are almost completely lignified. The
presence of lignin greatly increases the strength of a wall without impair-
ing its ability to conduct water. In the parts of a plant where a protec-
tive covering is necessary the normal cellulose walls may be infiltrated
with waterproofing substances, such as cutin, suberin, or mucilage, all of
which, and lignin as well, are manufactured by the plant. In a few
instances inorganic materials, silica, for example, may be present in
cell walls.

The same properties that make cell walls useful to plants are in many
cases rasponsible for their usefulness to man.  Wood, with its lignified
walls, has manifold uses wherever a rigid but easily worked material is
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T1G. 2. Wood fibers. A, from Pyrus Malus; B, from Lirtodendron Tulipifera; C, {rom
Quercus alba; D, from Swictenia Maho:, ..:i; E, from Quercus rubra; F, from Carya ovata; G,
from Guaniacum sanctum; H, from Sassafras variifolium. (Reproduced from Eames, Intro-
duction to Plant Anatomy, McGraw-Hill Book Company, Inc.)

desirable. The more elastic fibers are the basis of the textile industry
and, together with wood, constitute the chief raw materials of the paper
industry. Cell walls that contain suberin furnish the cork of commerce.
Walls that are nearly pure cellulose are utilized in the manufacture of
synthetic fibers, explosives, cellophane, and many other industrial
products. Since cellulose and its derivatives are highly combustible, all
types of cell walls can be used as fuel. Not only is this true of present-
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day plants, but those of bygone ages as well. Coal is nothing more
than the walls of plants which flourished during the Carboniferous
Period of the earth’s history and which have gradually lost their gascous
elements. A gradual succession of fuels, showing a progressive loss of
hydrogen and oxygen, can be traced from cellulose to lignin, peat, soft
coal, and hard coal.

LIVING PROTOPLASM

A considerable part of the sugar manufactured in photosynthesis is
used directly in the formation of new protoplasm, to replace any that has
broken down, and to provide for the growth of the individual. Proto-
plasm is a highly complex substance, and its chemical nature is but
poorly understood, even though only familiar elements are involved.
Among the substances that it contains are simple sugars and more highly
elaborated carbohydrates; fats in various stages of synthesis; a large
amount of protein material, derived in part from grape sugar and in part
from nitrates absorbed from the soil; salts of various inorganic elements,
such as iron, phosphorus, magnesium, sulphur, caleium, and potassium;
and vitamins, enzymes, and other scecretions. Living protoplasm is
naturally of but little use to man, except as he may utilize fresh plant
* tissues for food.  Our present custom of cooking most of our food greatly
alters its original nature. It is not at all unlikely that primitive man,
who used raw food, derived a greater benefit, owing to the presence of
vitamins and the other protoplasmic constituents in an unimpaired
condition.

RESERVE FOOD

Plants usually elaborate a much larger amount of food than can be
used immediately for building up the plant body, or as a source of energy .
This surplus is stored up in highly modified cells in special locations as a
reserve supply to be utilized later for growth and other activities. Under-
eround stems, roots, buds, and seeds are the chief storage organs. Three
main types of food materials are manufactured by plants, and all three
may occur as reserve food.  These classes of foods include carbohydrates,
fats, and proteins.

Carbohydrates

Carbohydrates are the simplest of the foodstuffs. They are com-
pounds of carbon, hydrogen, and oxygen, in the proportion of two parts
of hydrogen to one of oxygen. The principal carbohydrates are sugar,
starch, and the various celluloses.

Sugar. The grape sugar that is manufactured by the plant in photo-
synthesis is almost universally present in plant cells. This basie material
of metabolism, known also as glucose, has the formula CeH1206 Tt is
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sometimes stored up in large amounts, as in the stems of maize. Fruit:
sugar, or fructose, another product of photosynthesis, has the same
formula, but slightly different properties. It is less common in plants,
except in fruits. :

The higher, more complex sugars are built up from these simple sugars.
The most important of the higher sugars is cane sugar, or sucrose. This
substance, which has the formula C;2H::01,, is accumulated in great
quantities in sugar cane and sugar beets, and to a lesser degree in many
other plants. All the sugars are soluble in water and so are readily
available for use by the plant. They are highly nutritious and constitute
a valuable food for the lower animals and man. Man utilizes these
sugars, not only as they occur in plant tissues, but by extracting and
purifying them as well.

Starch. The starches are insoluble compounds of a more complex
nature with the formula (C¢Hy05),. Like the sugars, they are derived
from grape sugar, and indeed constitute the first visible product of photo-
synthesis. Starch is the commonest type of reserve food in green plants
and is of the greatest importance in their metabolism. Owing to its
insoluble nature, however, starch must be digested, 7.c., made soluble,
before it can be utilized. This is accomplished through the aid of
enzymes that are present in the cells. Starch is stored in large thin-walled
cells in the form of distinctive grains (Fig. 3). Man is very dependent
on starch, which without question constitutes his most important plant
food and plays a part in the industrial world as well.

Cellulose. Cellulose is the highest type of carbohydrate. We have
already noted its presence in cell walls and discussed its function in that
connection. It has little, if any, use as a reserve food, although there is
some evidence that certain bacteria can make use of it.

Reserve Cellulose. These substances resemble cellulose physically,
but differ in their chemical properties. They include hemicelluloses,
pectins, gums, and mucilages. Some of these compounds have a dual
role, aiding in the support of the cell walls and serving as reserve food as
well. The hemicelluloses may gradually change into pectins, and then
into gums.

Hemicellulose. These substances are often found as extra layers of
cell walls, especially in the seeds of tropical plants, such as the date and
ivory-nut palm. They are readily digested by plants, but only slightly
so by man, and consequently have no food value. They are, however,
of some use in the industries.

Pectins. Pectins or fruit jellies occur in most plant cells, particularly
in fruits and vegetables. They are readily soluble in water and can be
used as food by both plants and animals. Pectins also increase the
water-holding capacity of cells. The middle lamella, the cementing

.
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:naterial that holds cell walls together, consists of compounds of peetin.
Pectins solidify after they have been extracted from the plant, and man
takes advantage of this property in the preparation of jellies and jams.
Gums. Gums are derived by the breaking down of cellulose or other
carbohydrate compounds, and consist of an organic acid in combination
with inorganic salts. They may be secreted naturally in the tissues or
may arise as the result of wounding. Gums aid in keeping water in the

Fig. 3. Starch grains and tannin. Tannin: 4, in phloem parenchyma of Pinus (also
erystals); F, in pith cells of Fragaria; H, in rav cells of wood of Pyrus Malus (also starch
grains).  Starch grains: B, in pith cells of Alsophila; C, in outer pericarp of Musa; D, in
cotyledon of Pisum; E, in ray cell of phloem of Adlanthus; G, in cotyledon of Phasecolus.
(Reproduced from Eames, Introduction to Plant Anatomy, McGraw-Hill Book Company, Inc.)

plant, and also serve as a reserve food. Man uses them in the industries,
in medicine, and as food.

Mucilages. Mucilaginous substances, closely related to gums, are
widely distributed in the plant world. When moistened with water
they do not dissolve, but form a slimy mass. They are seereted in
hairs, saes, or canals. Their function is varied and they may serve as
reserve food, as an aid in checking the loss of water or too rapid diffusion,
as a mechanism for water storage, and as a means for facilitating seed
dispersal.  Muecilage is often associated with cellulose in cell walls.  Tts
chief use to man is in medicine.
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Fats

Fats, like carbohydrates, are compounds of carbon, hydrogen, and
oxygen, but with a very small amount of oxygen. For this reason they
are often referred to as hydrocarbons. The formula for triolein, a typical
fat, indicates their chemical nature, C;;H10:06.  Fats are derived from
carbohydrates by two processes: (1) the production of fatty acids, (2)
the formation of glycerin.  These two products unite to form the fats,
which ave either liquid or solid in nature. In the former state fats are
usually spoken of as oils, or fatty oils, and occur in the form of small
globules. Fats are present in small amounts in all living protoplasm,
but are stored up as reserve food chiefly in seeds and fruits. They are
insoluble and have to be digested before they can be utilized. Because
of their high energy content they are a valuable food for both plants and
animals. TFats also are important in medicine and in industry.

Proteins

Proteins constitute the third type of reserve food. They are likewise
derived, at least in part, from carbohydrates through the formation of
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T1G. 4. Section through exterior part of a grain of wheat. ¢, cuticle; ep, epidermis; m,
middle layer of hull; 7, 71, layers of hull next to sced coats; s, si1, seed coats; p, protein layer
with aleurone grains; st, cells of endosperm with stareh grains.  (After T'schirch, reproduced
by permission from Bergen and Dazis, Principles of Botany, Ginn and Company.)

amino acids. These latter simple compounds are then combined with
nitrates from the soil, and other substances, to form the highly complex
protein molecule. The outstanding characteristic of proteins is their
high nitrogen content. Sulphur is also present, and often phosphorus.
A typical protein, gliadin, which occurs in wheat, has the formula
CrssHi1161N 1810400585, Although proteins are the chief constituent of
protoplasm, they are stored up for the most part only in sceds, where
they oceur as solid granules, known as aleurone grains (Fig. 4). Hun-
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dreds of proteins have been isolated from plant tissues. After proteins
have been changed to a soluble form, they constitute an important food
for both plants and animals. They are particularly valuable as muscle
and nerve builders, rather than as sources of energy, and as such are an
essential part of man’s diet. Proteins are never extracted from plant
tissues for food purposes. They have few industrial uses. :

SECRETIONS AND EXCRETIONS

The various secretions and excretions represent different types of
substances that are manufactured by plants; they are very diverse in
chemical nature and in function. Some are scereted in special cells or
tissues (Fig. 5) for a definite purpose, while others have no apparent use
and are merely by-products of metabolism. In many cases, however,
these materials are of great value to man, and among them are found
some of the most valuable plant products. The most important groups
include the essential oils, pigments, tannins, resins, latex, waxes, alka-
loids, glucosides, organic acids, enzymes, vitamins, and hormones.

Essential Oils

. The essential or volatile oils differ from fatty oils in being highly
volatile and aromatic. They are formed in glands or special cells.
Their function is apparently to attract insects necessary for pollination
by means of their pleasing odors, or to repel hostile insects and animals
by their aecrid taste. They may have some antiseptic and bacterieidal
action. Man uses these aromatic oils in the preparation of perfumes and
soap and in various other industries; as well as in medicine and as food
adjuncts.

Pigments

All the coloring materials that occur in plants are manufactured by the
plant itsclf. These pigments arve diverse chemically and functionally.
The most important is chlorophyll.  This exceedingly complex substance,
with its associated pigments xanthophyll and carotin, is one of the
essential factors in photosynthesis.  Other colors are of value only as a
means of attracting various insect and other animal agencies of polli-
nation and dispersal, while some are only incidental by-products of the
plant’s activity. In cases where the pigments are stable, they can be
extracted and used as dves. Formerly natural plant dyestuffs were of
great importanee in many industries.

Tannins

Tannins are bitter, astringent substances secereted in the bark, wood,
or other parts of many plants (Fig. 3). Their function is not fully
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understood. They aid in the healing of wounds and the prevention of
decay and may play a part in the formation of cork and pigments; they
also serve as a protection against enemies. Tannins have certain
peculiar properties that render them invaluable in certain industries.
They have the power of reacting with proteins, such as the gelatin in

T1c. 5. Secretory tissue. A, nectary of Euphorbia pulcherrima; B, resin canal of Pinus
Strobus; C, floral nectary of Pyrus Malus; D, latex vessel of Tragopogon; E. oil canal of
Angeica atropurpurea; F, 0il cavity of Citrus sinensts; G, latex cells of Euphorbia splendens;
H, zecretory cell of Liriodendron. (Reproduced from Eames, Introduction to Plant Anatomy,
McGraw-Hill Bool: Company, Inc.)

animal skins, to produce a hard, firm substance. Consequently they
arc much used in the tanning of leather. They are also able to react
with iron salts to produce a black color. This makes them valuable in
the dye industry and the manufacture of inks. Tannins are also useful
in medicine because of their astringent properties.
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Resins

Resins are complex substances probably derived from carbohydrates.

They are secreted in glands or canals and are often associated with

essential oils and gums. They are formed either naturally or as a result

of injury to the tissues. Resins are insoluble in water and so render any

surface impervious to moisture. Ior this reason they play an important

role in the paint and varnish industries. In the economy of the plant

; resins may serve as a waterproofing medium or aid in resisting decay

through their antiseptic action. Resinous substances are also used in
medicine.

Latex

Many plants secrete a milky or colored juice which is known as latex.

This mixture of resins, gums, hydrocarbons, food, and other substances

is formed in special cells, or vessels, usually in the bark or leaves. The

significance of latex in the economy of the plant is not known. Man,

' however, obtains rubber, chewing gum, and other valuable products from
j this material.

.. : Waxes

The surface of leaves and fruits often has a covering of wax secreted
by the plant as a protection against excessive loss of water.. This wax is
similar to fat in its composition. Waxes are of some slight economic
value.

Alkaloids

Alkaloids are vegetable bases containing nitrogen, and they are
generally thought to be decomposition products of proteins. They are
scereted in special cells or tubes and occur in many different families.
Little is known of their biological significance. They may afford pro-
tection against enemies because of their bitter taste. Alkaloids are
odorless compounds with a marked physiological effect on animals.
C'onsequently they are of the utmost importance in medicine and consti-
! tute some of the most valuable drugs. On the other hand, they include
some of the most powerful plant poisons and narcoties. Caffeine and
theobromine, although they are actually examples of the closely related
| purine bases, are usually classed as alkaloids and will be so considered
in this work.

Glucosides

Glucosides are similar to alkaloids in their properties, but they are
derived from carbohydrates rather than proteins. They probably have
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a protective function as they are usually formed in the bark. Tt is also
thought that they may serve to regulate the acidity and alkalinity of
plant cells. Glucosides are useful to man as drugs.

Organic Acids

Organie acids are widely distributed in plants, especially in fruits and
vegetables.  They may oceur in a free state, as salts of caleium, potas-
sium, or sodium,. or in combinations with alcohols. These fruit acids
are probably attractive to animals and so aid in bringing about dispersal
of fruits and seeds. They also play a part in metabolism and growth,
and in this respect are as important for man as for plants.

Enzymes

Inzymes are universally present in all living organisms, animals as
well as plants.  There are many kinds, but they usually occur in such
small amounts that it is difficult to extract and analyze them. Their
function is to act as catalysts.  They bring about all the chemical changes
that occur in living matter, without actually entering into the reaction
themselves. Perhaps the most important reaction with which they are
concerned is digestion, the process by which insoluble substances are®
broken down into soluble ones and so made available for transportation
to all parts of the organism and ultimate utilization. Enzymes are
colloidal, and probably protein in nature, and specific in their action.
They are concerned not only with oxidation and other destructive phases
of metabolism but with the constructive phases as well. They aid in
photosynthesis and in the formation of fats and proteins, and are present
in every living cell of the plant.

Vitamins

Vitamins are substances which have been discovered comparatively
recently and about which little is known. They seem, however, to be
absolutely essential for the well-being of both plants and animals.
They are formed by plants, and although animals may store them up
they are incapable of producing them. Vitamins occeur in such minute
amounts that it is difficult to determine their exact nature, and only a
few have been isolated. They are necessary for normal metabolism,
growth, development, and reproduction, and, in fact, seem to control
most of the constructive phases of metabolism. Vitamins also are
necessary for the prevention of various diseases. Truits, green vege-
tables, and seeds are important sources of one or another of the vitamins
that have been isolated. Secaweceds are particularly valuable for they
contain nearly all the known vitamins.
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Hormones

Hormones are substances produced in one part of an organism and
then transferred to other parts where, even though present in minute
amounts, they may influence some specific physiological process.  Inves-
tigations in recent years have shown, for example, that one important
function of plant hormones is to regulate various growth phenomena
such as tropisms, cell elongation, and cell enlargement. Hormones also
play a major part in the production of roots and flowers, the formation of
fruit, and other activities. .

The remainder of this book comprises a discussion of various features
concerned with the more important economic plants and plant products
that are utilized by man as sources of food, drugs, and the raw materials
of industrialism.

The industrial plants, which are perhaps less familiar to the average
person, will be considered first, even though they may be less essential
to man than the food plants. They include fibers, wood, cork, tanning
and dye materials, gums, resins, essential oils, fatty oils, waxes, rubber
and other latex produects, sugar, starch, and cellulose products. Drugs,
together with tobacco and the various narcotics, will be treated secondly.
TFinally we shall consider the food plants and food adjuncts, which
include spices and beverages.



CHAPTER II
FIBERS AND FIBER PLANTS

Plants that yield fibers have without question been second only to
food plants in their usefulness to man and their influence on the advance-
ment of civilization. Primitive man in his attempt to obtain the three
great necessities of life—food, shelter, and clothing—ecarly turned to
plants. Although animal products were available, he needed some form
of clothing that was lighter and cooler than skins and hides. For his
snares, bowstrings, nets, and the like he needed some form of cordage
that was easier to procure than animal sinews and strips of hide. More-
over, some other type of covering for his crude shelters was desirable.
All these needs were admirably met by the tough, flexible strands that
occurred in the stems, leaves, and roots of many plants.

Almost from the outset plant fibers have had a more extensive use
than wool, silk, and other animal fibers. As civilization advanced and
man’s needs multiplied, the use of these vegetable fibers increased greatly
until at the present time they are of enormous importance in our daily
life. It is difficult to estimate the number of species of fiber plants, but a
conservative figure would be well over two thousand. More than a
thousand species of American plants haveyielded fibers. Seven hundred
and fifty occur in the Philippine Islands alone. Fibers of commercial
importance, however, are relatively few, the greater number comprising
native species used locally by primitive peoples in all parts of the world.

It is a remarkable fact that the most prominent fibers of the present
day are of great antiquity. The cultivation of flax, for example, goes
back to the Stone Age of Kurope, as evidenced by the remains of the
Swiss Lake Dwellers. Ancient Egypt was famous for its fine linen.
Cotton was the ancient national textile of India, and was used by all the
aboriginal nations of the New World as well. Ramie or China grass
has been grown in the Orient from time immemorial.

ECONOMIC CLASSIFICATION OF FIBERS

It is possible to classify fibers in six groups, based on their utilization,
as follows:

Textile Fibers. The most important use of fibers at the present time is
in connection with the textile industry, which is concerned with the manu--
facture of fabrics, netting, and cordage. In making fabrics and netting,

18
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flexible fibers are twisted together into thread or yarn and then woven,
spun, knitted, or otherwise utilized. Ifabries include cloth for wearing
apparel, domestic use, awnings, sails, ete., and also coarser materials such
as gunny and burlap.  The fabrie fibers are all of commercial importance.
Netting fibers, which are used for lace, hammocks, and all forms of nets,
include many of the commercial fabric fibers and a host of native fibers as
well. Both commercial and native fibers are used for cordage. Tor this
purpose the individual fibers are twisted together rather than woven.
Twine, binder twine, fish lines, rope, hawsers, and cables are among the
many kinds of cordage.

Brush Fibers. These are tough and stiff fibers, ot even twigs and small
stems, which are utilized in the manufacture of brushes and brooms.

Plaiting and Rough Weaving Fibers. Plaits are flat, pliable, fibrous
strands which are interlaced to make straw hats, sandals, baskets, chair
seats, and the like. More elastic strands are roughly woven together for
mattings and the thatched roofs of houses, while supple twigs or woody
fibers are used for baskets, chairs, and other forms of wickerwork.

Filling Fibers. These fibers are used in upholstery and for stuffing
mattresses, cushions, ete.; for caulking the seams in vessels and in casks
and barrels; as stiffening in plaster; and as packing materials.

Natural Fabrics. These are usually tree basts which are extracted
from the bark in layers or sheets and pounded into rough substitutes for
cloth or lace.

Papermaking Fibers. Papermaking fibers include wood fibers, textile
fibers utilized in either the raw or manufactured state, and many other
kinds.

It is obvious that any one plant cannot be restricted absolutely to any
single group in this economic classification, since the same fiber may be
used for different purposes and since the plant may yield more than one
kind of fiber. Consequently the several species to be discussed will be
considered in the group in which they are of the greatest importance.

STRUCTURE AND OCCURRENCE OF FIBERS

Although put to so many different uses, and perhaps differing in texture,
strength, chemical composition, and place of origin, with few exceptions
fibers are alike in that they are sclerenchyma cells and serve as part. of the
plant skeleton. For the most part they are long cells with thick walls,
correspondingly small cavities, and usually pointed ends. The walls
often contain lignin as well as cellulose. TFibers may occur singly or in
small groups, but they are more likely to form sheets of tissue with the
individual cells overlapping and interlocking,.

Fibers may be found in almost any part of the plant—stems, leaves,
roots, fruits, and even seeds. The four chief types, classified according
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to their origin, include bast fibers; wood fibers; selerenchyma cells associ-
ated with the vaseular-bundle strands in leaves; and surface fibers, which
are hairlike outgrowths on the seeds of various plants. The use of the
term ““‘bast fiber” is open to eriticism on the ground that it gives no indi-
cation as to the particular tissue or region in which the fibers oceur.
From a morphological viewpoint it would be preferable to designate those
fibers which occur in the outer parts of a stem as cortical fibers, pericyclic
fibers, or phloem fibers. However, ‘“bast’ is a term of such long standing
and so firmly established in commerce that it will be used in the present
discussion. ,

Fibers of economic importance are furnished by many different families
of plants, particularly those which occur in the tropics. Among the more
important may be mentioned the Gramineae, Palmaceae, Musaceae,
Liliaceae, Amaryllidaceae, Urticaceae, Malvaceae, Linaceae, Bombacaceae,
Leguminosae, Moraceae, Tiliaceae, and Bromeliaceae.

TEXTILE FIBERS

Textile fibers have certain special requirements. They must be long
and must have a high tensile strength, together with cohesiveness and
pliability. They must possess a fine, uniform, lustrous staple and must
be durable and readily available.. A comparatively small number of the
multitude of fibers possess these characteristics, and so can be considered
as of commercial importance. The chief textile fibers are included in
three classes: surface fibers, soft fibers, and hard fibers. The two last
groups are often referred to as long fibers. ,

The surface or short fibers comprise the so-called cottons. The soft
fibers are the bast fibers which are obtained chiefly from the pericycle or
secondary phloem of the stems of dicotyledons. These bast fibers are
capable of subdivision into exceedingly fine flexible strands, and are used
for the best grades of fabries and cordage. They include flax, hemp, jute,
and ramie.

The hard or mixed fibers are structural elements found chiefly in the
leaves of many tropical monocutyledons, although they may occur in
stems and fruits. They are used for the coarser textile products. Sisal,
henequen, abacd, the agaves, coconut, and pincapple are examples of
plants that yield hard fibers.

SurrFACE FIBERS

Cotton

Cotton (Fig. 6) is the world’s greatest industrial crop, the chief fiber
plant, and one of the oldest as well as the cheapest. It was known to the
ancient world long before written records were made. References to it

-
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are to be found in the works of the Greek and Roman writers. Cotton
has been in use in India since 1800 B.c., and from 1500 B.c. to a.p. 1500
that country was the center of the industry. The Hindus were the first
people to weave cloth. Cotton was introduced into Europe by the
Mohammedans, and the word itself is derived from the Arabic “qutn.”
Apparently the plant had several origins for Columbus found it in culti-
vation in the West Indies, and it was known to the Peruvians and Mexi-

I'tc. 6. A mature cotton plant. (Reproduced from U.S.D.A. Educational Chart, Indez
No. 8, 11, revised, The Cotton Plant.)

cans long before the days of the Spanish conquerors. Cotton was first
grown in the United States soon after the first settlements were made.
The first cotton mill, however, did not commence operations until 1787.

Production of Cotton. In 1948 the world produced an estimated total
of 29,285,000 hales of cotton, a bale usually comprising 500 1b. gross
weight. The United States led in production with 14,868,000 bales, fol-
lowed by India and Pakistan with 2,812,000, the Soviet Union with
2,800,680, China and Manchuria with 2,115,000, Egypt with 1,836,000,
and Brazil with 1,465,000 bales. Brazil has had a spectacular rise as a
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cotton-producing country, the output inecreasing from an average of
455,000 bales in 1932-1933 to a maximum of 2,675,000 bales in 1944,
grown chiefly in the state of Sao Paulo. Ior many years prior to 1934
the United States produced at least onc-half of the world’s output of
cotton. Since that time normal cotton production has been curtailed as a
result of governmental regulations. However, an average of about

F1G. 7. Cotton staples. The principal commercial types of cotton showing the variation
in length of staples. From top to bottom: sea-island, Egyptian, upland long-staple,
upland short-staple, Asiatie. (Reproduced from U.S.D.A. Yearbook Separate 877.)

25,000,000 acres of cotton has been grown in the United States during the
last 15 yeprs, nearly one-third of which was in Texas. The United
States, India, Egypt, and Brazil are the chief exporting countries, while
Great Britain, Japan, and Germany lead in the importation of cotton.
Characteristics of Cotton. Cotton is obtained from several species of
the genus Gossypium. The fine fibrous hairs that occur on the sceds con-
stitute the raw material of the industry. These hairs, which are flattened,
twisted, and tubular, compose the lint, floss, or staple, the length (IMig. 7)
and other qualities of which vary in different varieties. The cotton plant
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is naturally a perennial shrub or small tree, but under cultivation it is
treated as an annual. It branches freely and grows to a height of 4 to 8 ft.
Cotton thrives best in sandy soil in damp, humid regions that are near
water. This type of environment is especially characteristic of the
southern United States and the river valleys of India and Iigypt. Cotton
matures in five or six months and is ready for picking soon after ripening.

Kinds of Cotton. The hundreds of varieties of cultivated cotton have
been developed from wild ancestors or produced by breeding during the
long period of cultivation. These varieties differ in fiber character as well
as other morphological and cultural features. Cotton is a very difficult
group to classify, and few authorities agree as to the exact number of
species. The cultivated cottons of commercial importance, however, are
usually referred to one or.another of four species: Gossypium barbadense
and G. hirsutum, which are New World species, and G. arboreum and
@. herbaceum, natives of the Old World.

1. Gossypium barbadense. The native home of this species was proba-
bly tropical South America. In this cotton the flowers are bright yellow
with purple spots. The fruit, or boll as it is called; has three valves, and
the seeds are fuzzy only at the ends Two distinct types Of cotton belong
here:

SEA-ISLAND COTTON This cotton has never beer found growing wild
as it was already in cultiv atlon at the time of Columbus. © Its fine, strong,
light cream-colored fibeis are more regular in the number and umf01 mity
of the twists and have a silkier appearance than those of other cottons.
These features are exceedingly valuable and -sea-island cotton was
formerly in great demand for the finest_ textiles, lace, yarns, and spool
¢otton, and also for mercerizing. Sea-island cotton was brought to the
United States from the West- Indies in 1785. The finest types were -
developed on the islands off the South Carolina coast and the adjacent
mainland. Here staples 2 in. or more in length, surpassing all the others
in strength and firmness, were produced. Another form of sea-island
cotton is grown along the coast in Georgia and Florida and in the West
Indies and South America. This has a staple from 114 to 134 in. in
length. - The maximum yield of sea-island cotton was only 110,000 bales,
but this was compensated for by the greater value of the fiber. For some
years the growing of sea-island cotton almost entirely ceased qgving to the
ravages of the boll w cevil, ("

Eayprian Corrox. Egyptian cotton is grown chiefl} in the Nile basin
of Egypt, where it was introduced from Central Ameérica. The plant is
quite similar in appearance to sea-island cotton and is probably of hybrid
origin. The staple, however, is brown in coor; and somewhat shorter,
measuring from 134 to 134 in. in length. Bejmu ¢ of its length, stxenfrth
and ﬁ.mqesv this coiton is used for thread, undew ear, hosww tire

§ W
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fabries, and fine dress goods. Egyptian cotton was brought to the United
States in 1902 as an experimental crop, and 10 years later it was recom-
mended to farmers in the semiarid regions that are irrigated. A con-
siderable quantity is now grown in California, New Mexico, and Arizona.
Repeated selection and breeding have resulted in the development of new
and better strains, of which Pima is one of the best. A large amount of

Fi1c. 8. Leaves, flowers, and fruit of upland cotton (Gossypium hirsutum). "(Reproducq.l_i
from U.S.D.A. Yearbook, 1904.) ‘ :

Egyptian cotton is still imported, amounting at times to one-tenth of
Egypt’s entire crop.

2. Gossyptum hirsutum. This native American species was grown by
the pre-Columbian civilizations. Commonly called upland cotton (Fig.
8), it is the easiest and cheapest kind to grow and constitutes the greater
part of the cultivated cotton of the world. The flowers are white or light
yvellow and unspotted. The bolls are four- or five-valved, and the seeds
are fuzzy all over. Upland cotton thrives under a variety of conditions,
but prefers a sandy soil with plenty of moisture during the growing and
fruiting season and dryness during the time of boll opening and harvest,
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together with a temperature range of 60 to 90°F. The northern limit of
cconomic growth is 37°N.L. The great Cotton Belt of the southern
United States grows upland cotton almost entirely and produces two-
thirds of the world’s output of this type of cotton. The fibers are white
with a considerable range in staple length, from 7§ to 13§ in.- There are
over 1200 named varieties, many of which have been developed as a
result of breeding experiments. Typical Gossypiwm hirsutum probably
originated in Guatemala or southern Mexico and spread northward to its
present limits in the southern United States. A well-marked variety,
often recognized as a distinct species, occurs in the West Indies and along
the dry coastal areas of South America as far as Ecuador and Brazil.
Another variety is found in Central America, northward along the Gulf of
Mexico to Florida and the Bahamas, and in the northern West Indies.

3. Gossyptum arborewm. This species, the perennial tree cotton of
India, Arabia, and Africa, was probably the first to be used commercially.
At the present time it is but little grown save in India. = As in all Asiatic
cottons, the staple is coarse and very short, only 3¢ to 34 in. in length, but
it is strong. - ‘

4. Gossypitum herbaceum. This fourth species of cotton is not found in
America, but is the chief cotton of Asia. It has been grown in India from
time immemorial and is also extensively cultivated for home consumption
in Iran, China, Japan, and eclsewhere. It is utilized for low-quality
fabries, carpets, and blankets and is especially suitable for blending with
wool. ' . B
In addition to these cultivated species several wild species of Gossypium
are still to be found in some tropical and subtropical countries.

The Cotton Industry. For a long time cotton was a very expensive
produet for it was difficult to remove the fibers from the seed. The inven-
tion of the cotton gin by Eli Whitney in 1793, however, remedied this
situation and was responsible for revolutionizing the industry, which
rapidly assumed proportions of first importance in both America and
England. Cotton today is probably the -most important article in the
commerce of the world. The economics of this single crop has a profound
effect on both the producing and the consuming nations. The steady
decrease in the value of the cotton crop in the United States, due to
adverse world conditions, has had such a serious effect on the life of the
Cotton Belt farmers that government control has been resorted to in
recent years in an attempt to improve the situation.

Several operations are necessary in order to.prepare the raw cotton
fiber, as it comes from the field, for use in the textile industry. - In brief
these operations are as follows: ginning in either a saw-tooth or a roller
gin; baling; transporting to the mills; picking, a process in which a
machine removes any foreign matter and delivers the cotton in a uniform
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layer; lapping, an operation whereby three layers are combined into one;
carding, combing, and drawing, during which the short fibers are extracted
and the others are straightened and evenly distributed; and finally twist-
ing the fibers into thread. '

The Uses of Cotton. The chief use of cotton, either alone or in combi-
nation with other fibers, is in the manufacture of textiles of all types,
which are too numerous to mention. It is an important constituent of
rubber-tire fabrics, and unspun cotton is extensively used for stuffing
purposes. Mercerized cotton is made by treating the fibers with caustic
soda, thereby imparting a high luster and silky appearance. Absorbent
cotton consists of fibers which have been thoroughly cleaned and from
which the oily covering layer has been removed. It is almost pure
cellulose and constitutes one of the basie raw materials of the various
cellulose industries to be discussed later.

One of the most noteworthy advances in the cotton industry has been
the utilization of what were formerly treated as waste products. At one
time the cotton seed, together with its fuzzy covering of short hairs, or
linters, was discarded as valueless. Today, however, all parts of the
plant are conserved and yield products that arc worth several million
dollars annually. The stafks contain a fiber that can be used in paper
making or for fuel, and the roots possess a crude drug.” The seeds are of
the greatest importance and cvery portion is utilized. The linters furnish
wadding; stuffing for pads, cushions, pillows, mattresses, etc.; absorbent
cotton; low-grade yarn for twine, ropes, and carpets; and cellulose. The
hulls are used for stock feed; as fertilizer; for lining oil wells to prevent the
caving in of the sides; as a source of xylose, a sugar that can be converted
into aleohol, or various explosives and industrial solvents; and for many
other purposes. © The Lernels yield one of the most important fatty oils, -
cottonseed oil, which will be discussed later, and an oil cake and meal
which are used for fertilizer, stock feed, flour, and as a dyestuff.

Sorr or Bast FIBERS

Flax

Flax, once the most valuable and useful of the fibers, is now second to
cotton, and possibly jute, in importance. It is much superior to cotton
in quality and yields a finer fabric. The native home of flax is not known
for the plant has been under cultivation from prehistoric time. It was
used by the Swiss Lake Dwellers, the oldest people in Europe who have
left remaiuns of their civilization. It was well known to the Hebrews and
is frequently mentioned in the Bible. The Kgvptians wore linen and
used it for their mummy cloths, and carved pictures of the flax plant on
their tombs. TLong prior to the Christian era the Greeks imported flax.
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"Tive thousand years would be a moderate estimate of the time during
which the plant has been under cultivation.

Tlax belongs to the genus Linum, which contains several wild species of
no economic importance, as well as L. usitalissimum, the source of the
commercial fiber, The flax plant is an annual herb with blue or white
flowers and small leaves, growing to a height of from 1 to 4 ft. The fibers
are formed in the pericycle, and consist of very tough, stringy strands from
1 to 3 ft. in length, which are aggregates of many long pointed cells with
very thick cellulose walls.

Flax grows best in soil that is rich in moisture and organic matter. It
is primarily a crop of temperate regions, although it is grown in other
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Fra. 9. TFlax (Linwm usitatissimum), showing the straw spread for dew retting. (Repro-
duced from U.S.D.A. Farmers’ Bulletin 669, Fiber Flaz.)
parts of the world to some extent. The preparation of flax is much more
laborious than that of cotton, and so is much more costly. The crop is
usually harvested by hand, and the stems are broken by a process known
as rippling.  Ordinarily the fibers are then rotted out by submerging the
stems in water or by exposing them to dew (I'ig. 9). During this process,
which is called retting, an enzyme dissolves the calelum pectate of the
middle lamella, which holds the cells together, and so frees the fibers.
After retting, the straw is dried and cleaned and the fibers are completely
separated from the other tissues of the stem by means of an operation
known as scutching. Finally the shorter fibers, which constitute the tow,
are separated from the longer fibers, which alone can be used in spinning,.
This is done by hand or by a hackling machine.

Flax fibers are remarkable for their great tensile strength, length of
staple, fineness, and durability. They are used in the manufacture of
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linen cloth and thread, eanvas, duck, carpets, the strongest twine, the
best fish and seine lines, cigarette paper, the finest writing paper, and
insulating materials.  Fibers from the stalks of flax grown for seed are
too harsh and brittle for spinning, but are utilized for cigarette paper.

The Northern European countries are the chief producers of fiber flax.
The Soviet Union far outstrips the rest of the world, producing 70 per cent
of the total output, while Poland, the Baltic states, Belgium, Holland,
and France are also important. The finest flax is grown in northern
Belgium. Flax was introduced into the United States by the Pilgrims,
and until 1900 almost every farmer grew enough for his own use. It was
a particularly good crop with which to reclaim native soil, and for a long
time its cultivation was confined to the frontier areas of the country. At
the present time fiber flax is grown in the United States as a commercial
crop only in Oregon. However, in regions where there is little rain, flax is
grown for its seed, which is used in medicine and as the source of linseed
oil. This valuable industrial fatty oil will be discussed later.

Hemp

There is often considerablc confusion as to the real identity of a given
commercial hemp fiber, because the term ‘“hemp” is applied rather
loosely to include quite a number of very different plants and fibers.
The true hemp is Cannabis sativa. This plant is a native of Central and
Western Asia, but it is extensively cultivated at the present time in both
temperate and tropical regions. It often occurs as a troublesome weed.

The hemp plant (Fig. 10) is a stout, bushy, branching annual varying
from 5 to 15 ft. in height. It is a dioecious species with hollow stems and
palmate leaves. The best grade of fiber is obtained from the male
plants. For its best development hemp requires a mild humid climate
and a rich loamy soil with an abundance of humus. Calcareous soils are
particularly well adapted to hemp culture.

Hemp fiber is a white bast fiber which develops in the pericycle, It is
valuable because of its length, which varies from 3 to 15 ft., its strength,
and great durability. It lacks, h-wever, the flexibility and elastieity of
flax, because it is somewhat lignified. The yield of hemp is large, an acre
producing 2 or 3 tons of stems, 25 per cent of which is fibrous material.
The plants are harvested by hand or machine and are shocked and dried.
The fibers are separated from the rest of the bark by retting, either in dew
or in water. They are then broken, scutched, and hackled by hand.
Hemp must be harvested when the male flowers are fully out; otherwise
the fibers are too weak or too brittle to be of value.

Hemp is a very old crop and has been grown in China for centuries.
It was introduced into Europe about 1500 B.c., and that continent is the
center of the industry today, the U.S.S.RR, Italy, and Poland furnishing
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75 per cent of the world output. Hemp has been grown in the United
States since colonial days and at one time constituted a considerable
industry in Kentucky and later in Wisconsin and other Middle Western
states. Since 1930 it has normally been but little grown, as it is an
expensive crop; in most regions it has been gradually replaced by other
coarse fibers. Wartime shortages made resumption of its cultivation
imperative for a time, and a government-supported program produced
120,000,000 1b. in 1944. There is little possibility, however, that hemp
will become a permanent crop in the United States. A small amount of
hemp fiber is produced in Chile.

source of a textile fiber, a drying oil, and a narcotic drug.

Hemp is used for ropes, twine, carpets, sailcloth, yacht cordage, binder
twine, sacks, bags, and webbing. Hemp waste and the woody fibers of
the stem are sometimes used in making paper. The finer grades of hemp
can be woven into a cloth that looks like coarse linen. The short fibers,
or fow and ravelings constitute oakum. This is used for caulking the
seams between the planks used in shipbuilding; in cooperage: and as a
packing for pumps, engines, ete. In tropical regions hemp is grown for
its seed, and also for a drug that is obtained from the flowering tops and
leaves. The seeds contain an oil that is useful in the soap and paint
industries as a substitute for linseed oil. The drug, known as hashish, is
a resinous substance that contains several powerful alkaloids. Its use
and the important part it has played in the economic and social life of
many countries will be discussed later.
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Jute

Jute is probably used more extensively than any other fiber except
cotton, although it is much less valuable than either cotton or flax.  Jute
is a bast fiber obtained from the secondary phloem of two species of
Corchorus, an Asiatic genus.  The best fiber comes from C. capsularis, a
speeies with round pods which is grown in lowland areas subject to

T

inundation. The plant is a tall, slender, half-shrubby annual (Fig. 11)
with yellow flowers, growing to a height of 8 to 10 ft. It requires a warm
climate and a rich, loamy, alluvial soil. Fiber from C. olitorius, an
upland species with long pods, is but-little inferior, and the two are not
differentiated for commercial purposes.

The erop is harvested within three or four months after planting, while
the flowers are still in bloom. The stems are retted in pools or tanks for
a few days to rot out the softer gummy tissues, and the jute. or gunny,
strands are then loosened by whipping the stems on the surface of the
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water. The very long pale-yellow fibers, from 6 to 10 ft. in length, are
quite stiff, as they are considerably lignified; they have a silky luster.
They are very abundant, but are not particularly strong, and they tend
to deteriorate rapidly when exposed to moisture, to which they are
exceedingly susceptible.  In spite of these disadvantages the fact that
jute is cheap and easily spun makes it valuable. Practically every
civilized country imports some form of jute or jute products.

Although probably a native of Malaya or Ceylon, jute is now almost
entirely an Indian crop. Several million acres are cultivated in the
valleys of the Ganges and Brahmaputra rivers.  As a result of war short-
ages, Brazil began a large-scale cultivation of jute in the Amazon basin.
So successful has this been that some fiber is actually being exported.
In the United States jute has been grown experimentally in the Gulf
States with good success. However, the absence of an adequate fiber-
cleaning machine makes the cost of its production in this country
prohibitive.

Jute is used chiefly for rough weaving, and the familiar burlap bags,
gunny, wool, and potato sacks, and the covers for cotton bales, are made
from it. The fiber is also used for making twine, carpets, curtains, and
coarse cloth. Short fibers and picces from the lower ends of the stalks
constitute jute butts, which are used to some extent in papermaking.
India not only grows most of the jute, but it is the largest manufacturer
and exporter of jute products. '

Ramie

Ramie (Bochmeria nivea) is a perennial-rooted, herbaceous, or shrubby
plant (Fig. 12) without branches when under cultivation. The slender
stalks reach a height of from 3 to 6 ft. and bear heart-shaped leaves that
are green above and whitish beneath. Ramie is of Asiatic origin and
was known to the Chinese at a very early period. It is grown extensively
at the present time in China, Japan, Formosa, Indo-China, Borneo,
Java, and India in fertile well-drained soil. Experimental cultivation in
the southern United States and California has been highly publicized in
recent years. The yield is low, but this is compensated for by the fact
that several crops may be grown each season.

The fine fibers are obtained from the bast, and are very long, strong,
and durable. They are also beautiful with a high degree of luster, and
would be very desirable for textile purposes were it not for difficulties
encountered during the extraction and cleaning of the fibers. The stems
are first immersed in water. Then the bark is peeled off, and the outer
portions and green tissue are scraped off by hand or are removed by
boiling ~r mechanical means. The fibers that are left are heavily coated
with gum and require further laborious treatment before they can be
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utilized. They constitute the China grass, or ““filasse,” which is exten-
sively used in the manufacture of grass cloth and other dress goods in
Asia. Ramie is used in Iurope for underwear, porticres, upholstery,
thread, and paper. Although it is the strongest fiber known, being three
times as strong as hemp, ramie is not very generally used because the
treatment necessary to remove the fibers is so expensive. The fibers also
lack flexibility and are too smooth for good cohesion. A process has
recently been developed by which a fiber is obtained which has met all
the tests and requirements of the textile manufacturers, and for which a

F1c. 12. Ramie (Boehmeria nivea), showing plants eight weeks old.

multitude of uses is predicted. A ramie industry might well be developed
in the United States, but cheap labor would be essential for its success.

A variety of ramie, Boehmeria nivea var. fenacissima, is sometimes
differentiated as rhea. This plant, a native of Malaya, resembles ramie
except that the leaves are green on both sides. For commercial purposes
rhea fiber is included under ramie.

Sunn Hemp

Sunn, sun, or san hemp (Crotalaria juncea) is an important Asiatic
fiber plant. It is not known in the wild state for it has been cultivated
for centuries. In fact, it is the earliest fiber to be mentioned in Sanskrit
writings. The plant is a shrubby annual legume from 6 to 12 ft. in
height, with bright yellow flowers. It is extensively grown in India
where over 500,000 acres are planted every rainy season, chiefly in the
region around Madras. Sunn hemp is also cultivated in Ceylon and
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elsewhere in Southern Asia. The bast yields a fiber that is stronger than
jute, lighter in color, and more enduring. It is used for cordage, oakum,
sacks, nets, and coarse canvas. The United States imports a consider-
able quantity for cigarette and tissue paper and coarse twines.

Other Soft Fibers

Nearly all the members of the Malvaceae yield bast fibers that can be
used for textile purposes. Some of these are of considerable commercial
importance. Among them may be mentioned:

China Jute or Indian Mallow (Abuiilon Theophrasit). This annual
plant yields a strong, coarse, grayish-white, lustrous fiber with the same
general characteristics and uses as jute. It is extensively grown in
China, and has been introduced into the United States where it thrives
well. In many places it has become a troublesome weed. The fibers
have considerable tensile strength, take dyes readily, and are much used
in China in rugmaking. - They are also utilized in papermaking.

Kenaf (Hibiscus cannabinus). This tall herb yields a fiber which has
borne some 129 names, among them Deccan, Ambari or Gambo hemp,
Java jute, and Mesta fiber. It has long been of value in the Old World
tropics as a substitute for hemp and jute in the manufacture of coarse
canvas, gunny cloth, cordage, matting, fishing nets, etc. -~ Kenaf has been
exploited commercially in India, Java, Iran, Nigeria, Natal, and Egypt.
More recently it has been introduced into Europe and the Western
Hemisphere. In 1935, the U.S.S.R. had 32,500 acres.in production.
Since 1941 kenaf has been subjected to an extensive research program in
Cuba, El Salvador, and the United States. The plant is adapted to a
wide range of climate and soil conditions: It is harvested shortly after
the flowers come into bloom. The fibers, which are 5 to 10 ft. long, are
usually extracted by retting, although decorticating machines may be
used. Kenaf seed yields up to 20 per cent of an oil which is edible after
it has been refined. ‘

Roselle or Rama (Hibiscus Sabdariffa). This species is cultivated in
India, Southeastern Asia, and the islands of the southwest Pacific as a
substitute for jute and also for its edible fruit. The light-brown fibers
are soft, silky, and lustrous. Roselle is adapted to any well-drained
fertile soil where there is a 20-in. rainfall. It grows so rapidly that it
can be harvested 90 days after planting. Retting is accomplished in 10
to 12 days. and the fibers are easily slipped from the bark by hand.
Recently introduced into Cuba and Central America, it has shown con-
siderable promise as a quick source of a soft fiber.

The red fleshy calices and involucels surrounding the young fruits are
very acid and serve as a sour relish.  The juice is also used for flavoring
and in making jams, jellies, and wine.
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Aramina or Cadillo (Urena lobata). This species occurs as a weed in all
tropical countries. It furnishes a yellowish-white fiber that is more last-
ing than jute and is used as a substitute in many industries. It is grown
commercially in Cuba, Madagascar, the Belgian Congo, Nigeria, and
Brazil, where its chief use is in making coffee sacks.

Other malvaceous species yielding fibers of minor importance include
okra (Hibiscus esculentus), majagua (fl. tiliaceus), and several species of
the genus Sida. 8. acuta in particular is now being cultivated to a con-
siderable extent in Mexico as a jute substitute. It is an extremely casy
plant to harvest and prepare, and the fibers are twice as strong as jute.

The American Indians used the bast fibers of many plants for their
bowstrings, nets, and similar purposes. The Colorado River hemp
(Sesbania exaltata) was extensively used by the western tribes, while the
Indian hemp (Apocynum cannabinum) and milkweed (Asclepias syriaca)
vielded the fibers of greatest importance to the eastern Indians.

HARD OR STRUCTURAL FIBERS

Abacd or Manila Hemp

Abacd or Manila hemp is the world’s premier cordage material. It is
obtained from several species of wild plantain or banana. M usa textilis
(Fig. 13), the principal source, resembles the true banana, but has nar-
rower, more tufted leaves and inedible fruits. The plant consists of a
clump of 12 to 30 sheathing leafstalks 10 to 20 ft. high with a crown of
spreading leafblades 3 to 6 ft. in length. The fiber is obtained from the
outer portion of the leafstalks. The mature stalks are cut off at the roots
and split open lengthwise. The pulp and the fiber strands are removed,
and the latter are washed and dried. Formerly the strands were removed
by hand, a slow and laborious process; more recently decorticators have
been used.

The individual fibers (IFig. 14) are 6 to 12 ft. in length, lustrous, and
vary in color from white to light ocher. They are light, stiff, clastic, and
exceptionally strong, durable, and resistant to both fresh and salt water.
For this reason the chief use of abaed is in the manufacture of high-grade
cordage, especially marine cables. It is also used for binder twine,
bagging, papier-miché, strong tissue paper, wrapping paper, and Manila
paper for sacks. Japan imports a large amount for making the strong
paper used for the movable partitions in the houses. The individual
fibers cannot be spun, but strands of fibers are utilized in making the
lustrous cloth known as sinamay. o

Although 3. fextilis is found from India to the Philippines, i¢ is only in
the latter country, and to some extent in Sumatra and Borneo, that it has
been of commercial importance. Abacd was known and used by the
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Fia. 14, Abacd fiber in bundles as it is taken from the plantation to the muarket in the
Philippine Islands.
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natives for centuries before the arrival of the first luropean explorers
carly in the sixteenth century. The first shipment was made to the
United States in 1818, From then until 1918 it was the principal export
of the Philippines, amounting to some 300,000,000 lb. annually. More
recently, sugar and sometimes copra have exceeded it in importance.

Manila hemp requires a warm climate, fertile soil, shade, good drainage,
abundant moisture, and an elevation below 3000 ft. It is propagated by
rootstalks or suckers. The crop is grown in small fields or on large
plantations and matures in 18 to 36 months.

After several failures, abacd was finally suceessfully introduced into
the Western Hemisphere in 1925 in Panama, but little interest was
aroused. In 1942, however, the serious shortages of Manila hemp con-
stituted a real threat to the war effort, and the United States government
financed a planting project in several Central American countries.
Machines for cleaning the leaves were devised and installed, and soon
some 26,000 acres were under cultivation which produced 3,000,000 1b. of
fiber. The cessation of war found the abacd industry soundly established
in Costa Rica. The environment is exceedingly favorable, and the
greater proximity to markets, the larger plantations, and the machine
methods in-use tend to offset the higher costs of production.

Agave Fibers

Agave fibérs rank next to cotton in importance in America, their trade
value amounting in good years to over $35,000,000. The agaves are
stemless perennials with basal rosettes of erect fleshy leaves. These
leaves contain the fibers, which are removed by hand or machine. The
numerous speeies are of rather loeal occurrence. They are very drought
resistant and are adapted to dry sterile soils.  Several kinds are of com-
mercial importance. Owing to the fact that the trade names for the
different agave fibers tend to intergrade, considerable confusion exists as
to the identity of the species concerned. The chief types include:

Henequen or Mexican Sisal (Agave fourcroydes). This native Mexican
species was long used by the Aztces. At the present time it is grown
chiefly in Yucatan and Cuba (Iig. 15). The leaves bear spines, which
make them difficult to handle. The fiber, which is scraped out from the
leaf tissue, is light straw colored. It is hard, wiry, and clastie, measuring
from 2 to 5 ft. in length. Henequen is used chiefly for binder twine,
lariats, and similar products. It is not suitable for marine or hoisting
cables as it is too heavy and too weak.

A closely allied species, Agare Letonae, 1s the source of the considerable
amount of henequen grown in El Salvador.

Sisal (Agave sisalana).  Sisal is very similar in appearance {o henequen
but lacks the spines on the leaves. A native species of Mexico and Cen-
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tral America, it is now cultivated in Hawaii, the ast and West Indies,
and many sections of Africa, especially the British possessions. The
plant is exceedingly drought resistant and will grow where all other species
fail. Little or no cultivation is necessary. The coarse, stiff, light-yellow
to white fibers are removed from the leaves by hand or by means of a
“raspador.”  They are cleaned, dried, and packed in 600-lb. bales for
shipment. The United States uses a large amount of sisal for twine,
ropes, and cords, most of the supply coming from Mexico, Haiti, and
British East Africa.

Istle. Several fibers have been used in Mexico from prehistoric times
under the names istle, ixtle, or Tampico fiber. The three most important
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Frc. 15. Henequen (Agave fourcroydes). A field near Victoria, Tamaulipas, Mexico,
from which two crops of leaves have been cut. The plants are six years old.

kinds, and the only ones exported, are jaumaveistle from A gave Funkiana,
tula istle from A. Lecheguilla, and palma istle from Samuela carnerosana
and various species of Ywcca. The fibers are obtained from immature
leaves of wild plants, and, although shorter than those of sisal and

“henequen, they are very strong and durable. Because of their stiffness
and harshness they were formerly used for brushes, but now they serve as
cheap substitutes for sisal and abaed in making bagging, twine, and rope.
Ore sacks made of istle have been known to last 10 vears.

Maguey. The Manila maguey or cantala (Agave Cantala) is a Mexican
species which was early introduced into India and Southeastern Asta. It
is grown on a commercial scale in the Philippine Islands, Java, and else-
where as a substitute for sisal.
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Mexican maguey is obtained from several different species of Agave.
These latter fibers are of little economic importance. The plants,
however, are of considerable interest, for their juice is used in making the
Mexican beverages, pulque and mescal.

Mauritius Hemp

Mauritius hemp is obtained from the leaves of the green aloe (Furcraca
gigantea). This species is a native of tropical America, but is now widely
distributed throughout the tropics of both hemispheres, where its fiber is
used for domestic purposes. It is grown on a commercial scale in the
islands of Mauritius, Madagasear, and St. Helena, and in South Africa,
India, Venczuela, and Brazil, where it is known as piteira. The plant
resembles an agave in habit, but has larger, less rigid leaves and the
longest known peduncle or flower stalk. This “pole,” as it is called,
reaches a height of 20 to 40 ft. The fibers are exceedingly long, 4 to 7 ft.,
and they are white; soft, very flexible, and elastic. They are weaker than
sisal. They are used alone or in mixture for making hammocks, bags,
coarse twine, and other small cordage.

Several other species of Furcraca in tropical America yield fibers of
considerable local importance. These include the fique of Colombia
(F. macrophylla); the cabuya of Costa Rica, Panama, and northern
Colombia (F. Cabuya); and the pitre of the West Indies (F. hexapetala),
sometimes called Cuban hemp.

New Zealand Hemp

This fiber, also known as New Zealand flax, comes from the leaves of
the irislike Phormium tenar (Fig. 16).. This plant is a native of the
swampy regions of New Zealand, but it is now found throughout the
tropics and in temperate regions as well. It has been introduced into
the United States chiefly as an ornamental plant. TFor a time it was
grown in California for its fiber, but the climate was too unfavorable for
it to become established on a commercial scale. The fibers are very long,
3 to 7 ft. in length, and have a high luster. They are softer and more
flexible than abacd and are used chiefly for towlines, twine and other
forms of cordage, and mattings, and to some extent for cloth.

Bowstring Hemp

Numerous species of the genus Sansevieria occur as wild plants in
various parts of tropical Africa and Asia. These bowstring hemps are
herbaceous perennials with basal rosettes of swordlike leaves arising from
a creeping rootstalk. The leaves vield a strong white elastic fiber, which
has long been used by the native peoples for mats, hammocks, bowstrings,
and other types of crude cordage. Wild plants are usually utilized, but
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some species are cultivated. The Hindus have grown bowstring hemp
for along time. The fibers are removed by hand or by mechanical means.
Important species include S. thyrsiflora of tropical Africa, grown also in
Jamaica and Central America; S. Roxburghiana of India; and S. zeylanica,
cultivated in Ceylon and many other tropical countries. A few species
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F1e. 16.  New Zealand hemp (Phormium tenar). This plant is cultivated in California for
the fiber. It is also grown for ornamental purposes.

have been introduced into the United States, prominent among which is
the Florida bowstring hemp (S. longifolia).

Coir

Coir is the term applied to the short, coarse, rough fibers (Fig. 17)
which make up the greater part of the husk of the fruits of the coconut
palm (Cocos nucifera). Coir is the only prominent fiber that is obtained
from-ruits. Unripe coconuts are soaked in salt water for several months
to loosen the fibers. They are then beaten to separate the fibers, which
are then washed and dried. The uses of coir are varied. In tropical
Asia and the South Seas it is the source of sennit braid, which is used for
hawsers, cables, and small cordage. Coconut fibers are superior to all
others for this purpose for they are very light and elastic, and exceedingly
resistant to water.  Colr is also used for bristles for brushes, doormats,
floor coverings, sacks, coarse textiles, upholstery, stuffing for the bearings
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of railroad cars, and as a substitute for oakum. Ceylon is the center of
the commercial production of coir. In Puerto Rico, coir is being pre-
pared for use in horticulture as a peat substitute.

1
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I'1g, 17.  Above, coir, the course fibers from the husk of the coconut (Cocos nucifera);
below, sennit, the rope that is made from it.  Sennit is the most universally used type of
cordage in the South Seas. (Courtesy of the Botanical Musewm of Harvard University.)

Pineapple

The leaves of the pineapple (Ananas comosus), the source of the
familiar tropical fruit, furnish fibers of great strength and fine qualities.
They are shiny white, very durable and flexible, and are not injured by
water. When grown for the fiber, pincapples are planted closer togéther
and develop longer leaves. To be - value the fibers must be taken from
leaves that have not attained their maximum growth. Usually two-year-
old leaves are cut and the fibers scraped out by hand, a delicate and
expensive process. After being dried and combed out, the fibers are tied
end to end and can then be woven. In the Philippine Islands pifia cloth,
one of the most delicate and costly of fabrics, is made from these fibers.
TFormosa and China also utilize pineapple fiber in making strong fabries.

Pita Floja

The pita floja plant (Aechmea magdalenael is a pincapplelike species
found in dry alluvial soils at low altitudes from southern Mexico to
Ecuador. The long leaves furnish a fiber of superior quality known as
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pita floja or pita. Pita fibers are the basis of one of the most ancient
and most, important native industries in Oaxaca and are also used in
Honduras, Costa Rica, Panama, and Colombia. The fibers are 5 to 8 ft.
in length, white or light cream colored, lustrous, finer and more flexible
than other hard fibers, and with a high tensile strength. Because they
are very resistant to salt water, pita fibers are used for fishlines, nets, ete.
They are also frequently utilized for sewing leather. Because of its
peculiar characteristics, its abundance and rapid growth, pita floja is one
of the most promising fibers not at present in general commercial use.

Carod

Carod fiber has recently come into prominence as a substitute for jute.
It is obtained from Neoglaziovia variegata, a bromeliaceous speeies of the
dry, hot, arid areas of northeastern Brazil. The leaves are mechanically
decorticated and yield a soft, white, flexible, elastic fiber three times as
strong as jute. - Caro4 fiber is used for textiles, rugs, sacks, light cordage,
twine, and paper.

BRUSH FIBERS

An important use of vegetable fibers is in the manufacture of brushes,
brooms, and whisks. -Such fibers must be very strong, stiff, and elastic,
with a high degree of flexibility. In some cases whole twigs, fine stems, or
roots are utilized; in others the fibers are obtained from leafstalks.
Among the more important brush fibers may be mentiored:

Piassava

Several species of palms growing in tropical America and Africa are the
source of the brush fibers that are known commercially ‘as piassava,
piassaba, or bass. These trees have leafstalks or leaf sheaths which
vield the stiff, coarse, brown or black fibers used in making brushes for
street sweeping.

West African piassava is obtained from the wine palm (Raphia vinifera),
an exceedingly abundant species in the tidal bayous and creeks of Liberia
and other countries on the west coast of Africa. The leafstalks are
retted and the bundles beaten out. The long fibers are used for mats as
well as brushes. A\ wine is made from the sap of this palm.

Brazilian piassava comes from two spceies of palm found everywhere in
the lowlands of the Amazon and Orinoco regions.  Attalea funifera is the
source of Bahia piassava. In this species the stiff, wiry, brown fibers
are almost bristlelike. They are removed from the swollen bases of the
leafstalks with an ax.  Their chief use is for the brushes of street-sweeping
machines and scrubbing brushes, as the fibers are very durable and retain
their resi'iency even when wet. Para piassava fibers are produced on the
margins of the leaf petioles of Leopoldinia Piassaba. They are used for
brushes «nd brooms, and also for ropes, hats, and baskets by the natives.



42 ECONOMIC BOTANY

Several other coarse fibers, such as palmyra and kittul fiber, are classed
as piassava in the trade. Palmyra fiber is obtained from the Palmyra
palm (Borassus flabellifer) of the Isast Indies.  This speeies is one of the
most useful of the palms, all parts of the plant being used for some
purpose or other. The fibers are made up into rope, twine, paper, and
machine brushes. Kittul fiber is finer, softer, and more pliable. It
comes from the leaf sheaths of the toddy palm (Caryota urens) of Ceylon
and the East Indies. The black bristles are made into ropes of great
strength and durability or into soft brushes, and also serve as substitutes
for horschair and oakum.
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TFiag. 18. Broomcorn plants (Sorghum vulygare var. technicum), showing the comparative
height of the varieties. I'rom left to right: standard, dwarf standard, and dwarf.

The cabbage palm (Sabal Palmetto) of the coastal areas of the south-
eastern United States yields a valuable fiber known as palmetto fiber.
The best material is obtained i:om voung leafstalks still in the bud.
Coarser fibers come from mature leaves or the bases of the old leafstalks
surrounding the bud. For over 50 years a Florida industry has processed
this fiber for use as a substitute for palmyra in brushes, especially those
which must remain stiff in hot water or caustics. Up to 1,000,000 1b. are
produced annually. Palmetto fibers are a red-tan color and 8 to 20 in.
in length. The bud of this palm is edible, and the roots contain tannin.

Broomcorn

Broomcorn is a variety of sorghum (Sorghum vulgare var. technicum).
It differs from the other sorghums in having a panicle with long straight
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branches. This inflorescence, or seed head, is the “brush,” the valuable
part of the plant. Standard and dwarf forms are recognized (Fig. 18).
The brush of the former is stronger and is used for carpet brooms; that of
the latter types is used for whisk brooms. In the United States broom-
corn is grown chiefly in the Mississippi valley. It is harvested before the
flowering scason is over by cutting the stems a few inches below the head.
The heads are then sorted, threshed, and dried.

TI'16. 19. Broomroot or zacaton (Muhlenbergia macroura). The fibrous roots of this plant
are used in the manufacture of brushes.

The wiry culms of Spartina spariinae, a native grass of the southern
Coastal Plain from Ilorida to Mexico, are often used as a cheaper sub-
stitute for, or in combination with, broomecorn. Many brooms consist
of as much as 50 per cent spartina, surrounded by broomecorn.

Broomroot

Broomroot or zacaton (M uhlenbergia macroura) is extensively used in
the manufacture of the cheaper brushes.  The plant is a grass, found from
Texas to Central America, particularly in the mountainous regions of
Mexico. It is a perennial species with tufted wiry eulms and coarse roots.
As the name indieates, the roots ave the part utilized (Fig. 19). These are
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dug up at all scasons of the year by the peons.  After washing, cleaning,
and drying, the roots are cut from the tops, graded according to quality,
length, and color, and baled for shipment.

PLAITING AND ROUGH WEAVING FIBERS

Only a few of the materials used for plaited or coarsely woven articles
are of commercial importance, the greater number being used in native
manufactures. The raw materials comprise the stems of reeds, rushes,
grasses, willows, bamboo, rattan, and many other plants, as well as the
leaves and roots. These materials are used entire or split. They are
woven or twisted together in the simplest manner and made up into hats,
sandals, mats and matting, screens, chair seats, baskets, and similar
articles.

Hat Fibers

In many parts of the Orient and in Iurope, wheat, rice, barley, and rye
are grown for the purpose of making braids or straw plaits for hats.  The
plants are grown close together so they will have few leaves, and they
are harvested before maturity. The stems are split lengthwise before
plaiting. The Leghorn and Tuscan hats of Italy are among the best
known of the straw hats.

Panama hats are made from the leaves of the toquilla (Carludorica
palmata), a stemless, palmlike plant which grows wild in humid forests
from southern Mexico to Peru. It is cultivated in Ecuador and parts of
Colombia. The Panama hat industry is concentrated in Ecuador where
over 4,000,000 hats have been made in a year; about 1,500,000 hats are
exported annually. Young leaves are collected while they are still folded
in the bud and treated with hot water. The coarse veins are removed,
and the plaits are separated and split lengthwise into slender strips, which
are dried slowly and bleached. They gradually become inrolled, forming
fine cylindrical strands known as jipijapa. The hats are woven by hand
from these strands. About six leaves are required to make one hat,
The best Panama hats are charac: -rized by their uniformity and fineness
of texture, their strength, durability, elasticity, and resistance to water.
The so-called Puerto Rican hats are made from the leaves of the hat
palm (Sabal causiarum).

Mats and Matting

Commercial mattings are made in many of the Fastern countries from
various sedges, rushes, and grasses.  Usually the stalks or leaves of these
plants are used alone, but they may be combined with a warp of cotton or
hemp. Among the principal species utilized may be mentioned the
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Chinese mat grass (Cyperus tegetiformis) (Fig. 20) and the Japanese mat
rush (Juncus effusus). The United States imports several million dollars’
worth of these products annually.

Native mats are made from a great variety of plants. One of the most
outstanding sources, particularly in Southeastern Asia and Oceania, is
the screw pine (Pandanus teclorius). P. utilis is also important. The

>
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TF1c. 20. Clnnc~e m 1t, grass (C_unrus tcychfoz mis), aho“ ing a picce of m'ntmg and thc raw
material from which it was woven.

leaves of these shrubby plants are also used for sugar bags, cordage, hats,
and thatching.

Baskets

The manufacture of baskets from fibers or fibrous materials is an
industry belonging to both civilized and native peoples. The various
speeies utilized are too numerous to mention. Roots, stems, leaves, and
even woody splints are used. Commercial baskets are usually made from
rushes, cereal straw, osiers or willows, and ash or white oak splints.
Sweet-grass baskets, made from Hierochloé odorata, a common species in
swamps along the coast and the Great Lakes, are a familiar sight in
castern North America. Another important source of basket material
is the raffia palin (Rafia pedunculata), a tree indigenous to Madagascar.
Strips of the lower epidermis of the leaves of this palm constitute the
raffia of commerce. This fiber is so soft and silklike that it can be woven.
Its chief use is as a tie material in nurseries and gardens.
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Wickerwork

Hampers, baby carriages, chair seats, and even chairs and other light
articles of furniture may be made from willows. Rattan and bamboo are
also extensively used for these purposes. ‘

Rattan is obtained from several specics of climbing palms (Calamas sp.)
found in the hot humid forests of the Itast Indies and other parts of

AT TRA]
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T16. 21, Guadua (Guadua angustifolia), tI:» most important native bamboo of the northern
Andes. (Photo by Walter H. Hodye.)

tropical Asia. The stems of these plants are very long, strong, flexible,
and uniform in size. They are used, either entire or as splits, throughout
Asia for baskets, furniture, canes, and a great variety of other purposes.
A considerable quantity of rattan is exported to ILurope and the United
States. . .

Bamboos occur in most tropical countries, but they are especially
common in the monsoon region of Fastern Asia. They are the largest of
the grasses, with more or less woody stems which sometimes reach 1 ft. in
diameter and 100 ft. or more in height. The species are very numerous
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and belong to Arundinaria, Bambusa, Dendrocalamus, Giganiochloa,
Phyllostachys, and other closely allied genera. The native uses of the
bamboo are legion for all parts of the plant are of value. This is par-
ticularly true of the stems which ave extensively used for all types of con-
struction. Bamboo is shipped to other countries for use in the manu-
facture of furniture, fishing rods, implements of various kinds, and many
other objects. Bamboo splits are utilized for baskets and brushes. '

With a few exceptions bamboos have been but little utilized in the
Western Hemisphere. Guadua angustifolia (Fig. 21) a species with very
strong culms, has been a favorite material in Ecuador for furniture and
house construction. In recent years, however, more interest has been
aroused. It has been found that bamboos thrive in. wet soil and are
casily propagated by seed or cuttings. In Puerto Rico the production of
bamboo culms for furniture and ﬁbhmtr rods has become a profitable
business. In-1947, the output was 20,000 lin ft., obtained chiefly from
Bambusa Tulda.. Early attempts to establish a bamboo industry in
Central .\meuca \\e1e hampelcd by the fact that most of the common
native species were very- susceptible to insect attad\ “Several resistant
species have now been develope(l, and l)amboo growing sho\\s ])IOlnle for
the future. : .

FILLING I‘IBERS Lo

A consldexable numbel of plant’ fibers are u\cd f01 btufﬁng pillows,
cushions, mattresses, furniture, and similar articles. These filling fibers,
as they are usually called, are also utilized in caulking the seams of
vessels, in the manufacture of stafi for building purposes, az stiffening for
plaster, as packing for bulkheads and machine bearings, and for the pro-
tection of delicate objects during transportation. Surface fibers are
commonly used for stuffing purposes, for their staples in general are too
short to be spun readily and so are valueless for textile manufacturing.
Bast fibers are too expensive, and hard fibers are likely to be too stiff and
coarse. The silk cottons constitute the most important source of stuffing
materials, :

Kapok

Kapok is without question the outstanding silk cotton and the most
valuable of all the stuffing materials. Its use is steadily increasing.
Kapok is the floss produced in the pods of the kapok tree (Ceiba pentan-
dra). This species, originally confined to the American tropies, is now
found in Asia and Africa as well. It is an irregular tree (Ifig. 22) from 50
to 100 ft. in height, with a buttressed base and a weird habit of growth.
[t grows very lapl(lly and begins to bear when only 15 ft. high. A mature
tree produces over 600 pods and from 6 to 10 1b. of the eottony fibers.
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Tre. 22. A kapok or silk cotton tree (Ceiba pentandra). Note the buttresses and the
peculiar habit of growth.
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F1e. 23. Xapok pods and a mass of the downy fibers produced in the pods. This is the
kapok of commerce, the most valuable of the stuffing materials.

The pods are clipped from the branches and usually opened by hand.
The floss is removed, and the seeds are separated out by centrifugal force,
The floss (Fig. 23) is from 14 to 114 in. long and whitish, yellowish, or
brownish in color. It is very light, fluffy, and elastic and makes an ideal
stuffing material for pillows and mattresses. The fibers have a very low
specific gravity; they are five times more buoyant than cork and are
impervious to water. Ifor this reason kapok is valuable as a filling for

.
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life preservers, life cushions, portable pontoons, and similar articles.  Its
low thermal conductivity and its high ability to absorh sound make kapok
an excellent material for_insulating small refrigerators and for sound-
proofing rooms. It is also used for the ]llllll{:b of sleeping bags, gloves
for handling dry ice, and in the tropics, surgical dressings.  The United
States imports a large amount of kapok chiefly from Java, the Philippines,
and Ceylon and some from Mexico. During the Second World War, new
sources of supply were developed in Br aziland Itcuador. Iapok seeds
contain 45 per cent of a fatty oil whlch 18 e\tmcted and used for soap and
food pulpoxeb B :
‘ Kapok Substltutes

Numerous other pl‘mts have seed hairs or floss which can be used as a
substitute for kapok. - The red silk cotton or simal (Salmalia malabarica),
a very large and ornamental tree, supplies a reddish floss known as Indian
kapok which has:been an important stuffing material in India for cen-
turies. The white silk cotton (Cochlospermum religiosum) yields a kapok-
like fiber of considerable importance.” It is a handsome tree native to
India and now widely cultivated in the tropies. This species is one of the
sources of kadaya gum.

The madar (Calotropis giganica) and the closely related akund (C.
procera), shrubs indigenous to Southexn Asia.and Africa, produce a silk
cotton of some lmpOItance These speues ‘are now being eultivated in
South America and the West. Indies.. Although much inferior to ]\&])0]\,
this product i is frequently used in mixtures with kapok. = ‘

In Mexico, the pochotes (Ceiba aesculifolia, C. acuminatu, ‘md 1elated
species) yleld asilk cotton fully equal to kapok in buoyancy and resiliency.
The South American palo borracho (Chorisia insignis) and samohu (C.
speciosa) also vield large quantities of a glossy, white silk cotton with
kapoklike properties.

Several of the milkweeds, all of which have s1ll\v hairs on the seeds, are
used as a source of stuffing materials. Milkweed floss, one of the hghtest
materials, is exceedingly buoyant and is a perfect insulator. It was
exploited during the Second World War as a substitute for kapok. The
pods contain an oil and a wax which are-of potential importance, and
some species yield textile fibers. In the United States, Asclepias syriaca
and A. {ncarnata produce the best and most abundant floss; in tropical
America, A. curassavica is valuable.

The heads of the common cattails (Typha latifolia and T. angustifolia)
vield a floss with a high buoyancy and good insulating properties.

Other Filling Materials

Countless other plants and fibers are useful as filling materials. These
include thie straw of cereals and other grasses, corn husks, and two
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products of considerable commercial importance, Spanish moss and crin
végétal.

Spanish moss (7'ilandsia usncoides), a conspicuous epiphyte of the
Southern states, is an excellent substitute for horschair after it has been
processed. The plant is pulled from the trees with rakes or hooks, or it is
collected from the ground or water. Tt is then cured (fermented) in
order to rot off the gray outer covering and ginned to remove any impuri-
ties. The prepared fiber is brown or black, lustrous, and very resilient.
Some 10,000,000 1b. are produced annually in the United States for use
in upholstery and for automobile and car cushions.

Crin végétal is the term applied to the shredded and twisted fibers from
the leaves of the dwarf fan palm (Chamaerops humilis) of Northern Africa
and the Mediterrancan region. The United States imports several
thousand tons annually.

NATURAL FABRICS

Certain tree basts with tough interlacing fibers can be extracted from
the bark in layers or sheets, which can then be pounded into rough sub-
stitutes for cloth. :

Perhaps the best known of these bark cloths is tapa cloth, which con-
stituted the chief clothing of the natives of Polynesia and parts of Eastern
Asia until half a century ago. This material is obtained from the bark of
the paper mulberry (Broussonctia papyrifera). Strips of bark are peeled
off the trunk, and the outer coating is scraped off with a shell. After they
have been soaked in water and cleaned, these strips are placed on a log of
hard wood and pounded with a mallet. The individual strips are united
by overlapping the edges and beating them together. Depending on its
thinness the finished product varies in appearance from a muslinlike
material to a leathery one. Tapa cloth is often dyed.

Similar bark cloths have been manufactured from different sources
by the native pcoples of many other parts of the world. The South
American Indians used the tauary (Couratari Tauar?) and other species of
the same genus. In Mozambique a wild fig (Ficus Nekbudu) is used as
the source of the native mutshu cloth. A common bark cloth of Ceylon
and Malaya is obtained from the upas tree (Antiaris toxicaria), which is
also the source of an important arrow poison.

The so-called lace bark is the product of Lagetta lintearia, a small
Jamaican tree. The inner bark is removed in sheets and ean be stretched
into a lacelike material with pentagonal meshes. This is suitable for a
number of textile and ornamental uses.

Cuba bast is obtained from Hibiscus elatus, a small bushy tree of the
West Indies. The inner bark is removed in long ribbon-like strips, which
are much used in millinery and for tying cigars.



- 4 ' T
FIBERS ANDEFIBER PLANTS ™S~ a1
-~ R4
i O IR IR A
MISGEL{ANEOUS FIBERS e

The vegetable sponges (Li{{)‘& eylindrica and L. awcyl‘(iil\tgz(,la) (Fig. 24)
vield a unique fibrous material,™ 'lj?l’ﬁ?‘;/e;}rlin}bil]‘g- ‘ﬁfpﬁl}pl‘fs'of the tropics
i)cm' edible fruits that contain a ldcy netay l'l(,dﬂ$tﬁf‘0lll‘l€d fibers. This
skeletal material is extracted by retting in water. After cleaning, it is
used for making hats, for washing and scouring machinery, in certain

'TFie. 24. The vegetable sponge (Luffa acutangula), The edible fruits yield a unique
fibrous material. (Courtesy of the Botanical Museum of Harvard University.)

types of oil filters, and as a substitute for bath sponges. Japan formerly
exported large quantities of this material.

PAPERMAKING FIBERS

An important use of fibers is in the manufacture of paper. However,
since it is the cellulose present in the fiber, rather than the fiber itself,
which is utilized, discussion of this subject will be deferred until Chap. X.

ARTIFICIAL FIBERS

The artificial fibers used in the textile industry are for the most part
organic in nature; synthetic glass fibers are an exception. The organic
materials utilized are cellulose; proteins, both animal and vegetable; and
synthetic resins, such as nylon, which is made from soft coal, water, and
air. The cellulose fibers will be considered with other cellulose products
in Chap. X. The protein fibers are at present of only minor importance.
Although they have many of the general properties of wool, their low
wet strength is a detriment.  Soybeans, peanuts, and corn are the chief
plant sources of protein fibers.



CHAPTER IIT
FOREST PRODUCTS: WOOD AND CORK

FOREST PRODUCTS

The products of the forest have been of service to mankind from the
very beginnings of his history. The most familiar, and the most impor-
tant, of these products is wood, the manifold uses of which in all types of
construction, as a fuel, and as a raw material of the paper and rayon
industries are well known to everyone. Wood, however, is by no means
the only useful material obtained from trees. Other products include
cork, rubber, many of our tanning materials and dyestuffs, resins, gums,
oils, drugs, and even sugar, starch, and various chemicals. Moreover the
sceds and fruits of many trecs often serve as food for man or beast.

Not only are these forest products of value to man, but the forests
themselves have many utilitarian features. They help to regulate
climate and temperature. They aid in the conservation of the water
supply and in flood control by preventing the runoff of water. Their
deep roots hold the soil firmly in place and so check erosion. Again they
may act as shelter belts against drying winds. In addition forests
afford a range for livestock, a shelter for wild life, and offer many recrea-
tional aspects for man, the importance of which is just beginning to be
recognized. '

Our discussion of forest products, as such, will be limited to wood and:
cork, which will be treated in the present chapter. The other useful
materials obtained from trees will be considered in later chapters together
with similar economic products from other sources.

THE IMPORTANCE OF WOOD

From the earliest time clothing, shelter, and food have been the three
ereat necessities of mankind.  We have already discussed in Chap. IT the
importance of fiber plants as a source of shelter and of clothing. Wood
has been fully as important, and has contributed its share to the advance-
ment of civilization. Primitive man not only used wood in the construe-
tion of his rude shelters, but was able, even with the crude stone imple-
ments at his disposal, to fashion dugout canoes, implements, and utensils
of various kinds. At a later period when metal tools became available
the uses of wood increased greatly. When we stop to consider that from
the dawn of history to the middle of the last century all ships were made

52
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of wood, the influence that this material had on the course of history is
obvious. If no wood suitable for scagoing vessels had existed, the great
voyages of exploration, the colonization of the newly discovered lands,
and many other events that have led to the development of the world as
we know it today would have been impossible.

Today wood is the most widely used commodity outside of food and
clothing, and for many purposes it has no satisfactory substitute. It is
one of the most versatile of the raw materials of industry. It will prob-
ably continue to be indispensable in spite of the competition of the various
metals, for it is the only raw material in its field that can be renewed.
Wood has many other advantages over the metals. It is the most readily
available of all raw materials, and with proper care the supply should be
inexhaustible. It is cheaper, lighter, more easily worked with tools, and
more easily fastened together; wooden structures can be readily altered,
moved, or rebuilt. Wood is very strong for its weight, and in its com-
bination of strength, elasticity, and toughness it has no rival. It is a
poor conductor of heat, electricity, and moisture and does not rust or
crystallize. Its beautiful figure makes it preeminent as a material for
fine construction. It is also possible to use wood in the form of thin
. sheets or veneers. It must not be assumed from the above statements
that wood is superior to metals in every respect, for it does have certain
very definite disadvantages. In addition to thé more familiar uses of
wood, modern developments in the field of wood technology have made
it possible to convert wood into such diverse products as textile fibers,
paper, soap, cattle feed, lubricants, and motor fuel (Fig. 119).

THE STRUCTURE OF WOOD

Wood is a secondary tissue produced chiefly in the stems of gymno-
sperms and dicotyledons as the result of the activity of a growing layer,
the cambium. This tissue is responsible for the growth of stems in thick-
ness through the formation each year of new layers of both wood and
bark. The nature of this process and the details of wood anatomy are
too familiar to students of botany to need much amplification here.

Nature of the Wood Elements. Wood is a heterogeneous tissue com-
posed of several different types of cells, some of which have the function
of mechanical support and others that of conduction. In the softwoods,
as the woods of gymnosperm origin are commonly called, both these
functions are normally carried on in cells known as tracheids. In the
hardwoods, which comprise woods of angiosperm origin, on the other
hand, a division of iabor usually occurs. Mechanical support is furnished
by the several types of wood fibers, which make up a large part of the
woody tissue, while conduction of water is carried on in tubular cell
fusions known as vessels. Tracheids also may ocecasionally be present.
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A third funetion of the wood elements, the distribution and storage of
carbohydrate food, is carried on in the thin-walled parenchyma cells.
These are the only components of wood which can be said to be alive and
which contain protoplasm. They may be wood parenchyma cells, which
have a vertical arrangement in the stem, or ray parenchyma cells, which
are horizontally arranged.

Diagnostic Features of Woods. The arrangement of the various types
of cells in different species affords valuable diagnostic characteristies for
the identification of woods, besides making possible the distinctive fea-
tures that are of commercial importance. Among the gross morpho-
logical characteristies that are of value in distinguishing between woods
may be mentioned pores, carly wood and late wood, growth rings, rays,
sapwood and heartwood, and grain and figure.

Porous and Nonporous Woods. The presence or absence, and the
nature and arrangement (as seen in cross section) of pores, which are cross
sections of vessels, serve as a ready means of classifyving woods (Fig. 23).
Coniferous woods, in which vessels and consequently pores are typically
absent, are classed as nonporous woods. The porous woods comprise the
hardivoods, and two distincet types are recognizable. In some woods,
like ash, elm, hickory, and oak, the pores scem to be arranged in con-
centric circles, the outer and inner portions of which differ with regard to
the number and size of the pores. This condition is due to the fact that
large vessels are formed at the beginning of each season and smaller ones
later on. Such woods are termed ring-porous. In other woods, like
beech, bireh, maple, and walnut, the pores are all small and approximately
of the same size and they are seattered uniformly through the wood.
These are the diffuse-porous woods. .

Early Wood and Late Wood. In temperate regions new wood is formed -
each yvear during a limited growing season and definite growth layers
result, which usually show two distinet areas within each layer. In the
spring when growth is resumed, the first wood to be formed contains
many large and relatively thin-walled cells, in response to the greater
need for conducting elements.  This is the ecarly wood, or spring wood, as
it has been called. As the season progresses a denser type of wood is laid
down with smaller, thicker walled cells, the so-called late wood, or summer
wood. As a result of this there is a sharp transition between the cells
produced at the end of any one growing season and those formed at the
beginning of the succeeding one. This gives rise to what appear in cross
section as concentrie rings. known as growth rings.  The growth ring of a
single vear is called an annual ring, and the number of these annual rings
gives an indication of the age of the tree.  In the tropics where growth
may be continuous throughout the year, growth zones may oceur, but
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T16. 25. Left, a nonporous wood, western larch (Larix occidentalis); cenler, a ring-porous
wood, chestnut (Castanea dentata); right, a diffuse-porous wood yellow birch (Betula lutea).
(Reprodu-ed from Holtman, Wood Construction, McGraw-Hill Book Company, Inc.)

they are due to changes in climate or other causes rather than to definite
growth periods as is the case in temperate woods.

Rays. The rays are thin sheets or ribbons consisting chiefly of paren-
chyma cells that are oriented at right angles to the main axis of the stem.
They vary greatly in width, height, and arrangement. Although visible
in a cross section as lines radiating from the center of the stem, rays are
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most conspicuous in radial sections, where they frequently contribute
valuable diagnostic features in the variety of their form and arrangement.

Sapwood and Heartwood. Although at first all the cells in wood are
physiologically active, sooner or later many of them lose this property
and become mere skeletons, serving only to give strength to the tree.
Bventually two distinet areas develop—a light-colored outer region of
varying width, the sapwood; and a darker inner region, the heartwood.
Only the cells in the sapwood are physiologically active, and even in this
region only the parenchyma cells can be said to be alive. The older, dead
cells of the heartwood often become highly colored and very resistant to
decay, owing to the deposition in them of various gums, resins, or other
waste materials.  Such heartwood is usually capable of a high polish, and
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Frc. 26. Wavy grain in white ash (Fra.ruzus americana). The h'rht areas are l.xtc wood,
the wavy dark lines early wood. (Courtesy of S. J. Record.)

is in great demand in the cabinetmaking, furniture, and other high-grade
woodworking industries.  Although heartwood is usually quite distinet
from sapwood in appearance, durability, and other properties, it ma) not
always be so clearly differentiated.

Grain and Figure. Grain, figure, and also texture are terms that are
likely to be used in a more or less confusing manner. Strictly speaking,
texture refers to the relative size and quality of the various wood elements,
while grain refers to their structural arrangement. [I'igure, on the other
hand, applies to the design or pattern that appears on the swrface of
lumber, and may be due to the kind of grain, the presence of coloring
matters that have penctrated the tissues, or both.

Only a few of the many kinds of grain can be mentioned here. In
straight-grained wood the various elements occur parallel to the main
axis of the stem. Where they are spirally twisted about the axis they
constitute spiral-grained wood; and when the longitudinal course of the
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elements is slightly undulating, wavy grain (Fig. 26) results. Curly
grain is due to various irregularities of growth and a diversity of causes.

The attractive and distinctive figures which wood often shows and
which male it so valuable for decorative purposes are due chiefly to the
different types of grain in combination with the rays, rings, sapwood,
heartwood, and the many other cell arrangements. It is possible to
accentuate one or another of these variations by using different methods
of cutting the wood. In quartersawing, for example, wood is cut parallel
to the rays and across the rings, while in plain sawing the wood is cut at
right angles to the rays and tangent to the rings. Both quartersawed
and plain-sawed wood have their own desirable qualities. Occasionally
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TFic. 27. TFigure in snakewood (Piratinecra gutanensis). The streaks of coloring matter
that have penetrated the tissues suggest the markings on a snake skin.  (Courtesy of S. J.
Record.)

figures in wood are produced by masses of coloring matter which has
penetrated the tissues and which may occur in zones or streaks. In the
case of snakewood (Ifig. 27) streaks on the tangential surface suggest the
markings on the skin of a snake.

THE MECHANICAL PROPERTIES OF WOOD

Wood possesses certain mechanical properties which, either alone or in
combination, determine its usefulness and suitability for various purposes.
These characteristies differ in different species and even in individual
trees. Many tests have been devised to determine the exact nature of
the properties that any specific wood may possess, for this information is
essential for the consumer.

The mechanical properties of wood are those properties which enable it
to resist various external forces that tend to change its shape and size
and produce deformations. These external forees induce internal resist-
ing forces, known as stresses, in the wood. When the latter exceed the
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force of cohesion among the wood clements, some sort of failure oceurs.
Among the more important mechanical properties may be mentioned
strength, stiffness, toughness, hardness, and cleavability.

Strength. Although strength is sometimes used to mean all the
mechanical properties of wood, it should more properly be restricted to
the ability to resist certain definite forces, such as erushing, pulling, and
shearing. Moreover the word should always be modified to indicate the
specific type of resistance involved.

Crushing Strength.  Crushing or compression strength is the resistance
offered to forces that tend to crush wood. These forces may be applied
endwise, and so parallel to the grain, as in a column; or sidewise, where
they are at right angles to the grain, as in the casec of railroad ties. The
maximum crushing strength is endwise.

Tensile Strength. 'Tensile strength is the resistance to forces that tend
to pull wood apart, and these also may be applied either parallel to or at
right angles to the grain. The maximum tensile strength occurs when
the force is parallel to the grain, and it is two to four times greater than
the crushing strength. ‘ ‘

Shearing Strength. Shearing strength is resistance to those forces
which tend to make the fibers slide past one another. These forces may
be applied parallel to the grain, at right angles to it, or obliquely. Wood
is more resistant to a perpendicular shear.

Cross-breal:ing Strength. The cross-breaking, or bending, strength of
wood is usually applied to beams or other pieces of timber that are sup-
ported at both ends and loaded between these points. The strength
involved is the resistance to forces that cause the beam to break, and all
the above-mentioned forces are involved. The upper part of the beam is

under compression, the lower under tension, and shearing also plays a -

part. Because of its greater tensile strength, a beam fails first by com-
pression, or buckling, on the upper side; then, as the load increases,
the tensile strength gradually fails until the beam snaps across on the
underside. . :

The strength of wood is the niost important factor in determining the
value of any specics for structural purposes. It is a very variable
property, however, and is influenced by the density of the wood, the
moisture content, the presence of defects, and many other factors.  The
relationship between density and strength is particularly close, so much
so that density is considered to be the most satisfactory eriterion of
strength. Longleaf pine, larch, hickory, sugar maple, and white oak are
among the strongest native woods.

Stiffness.  Stiffness is the measure of the ability of wood to resist forees
that tend to change its shape—in other words, its capacity to withstand
deformation under a bending =train. This is often contrasted with
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flexibility, which is the ability to bend without breaking and swhich
involves toughness and pliability.

Toughness. Toughness is used in several senses, but it is usually con-
sidered to mean the ability of wood to absorb a large amount of energy,
and so resist repeated, sudden, sharp blows or shocks. It is really a
combination of other properties. A tough wood is hard to split, and,
although it may rupture, it does not break readily.

Hardness. Hardness is the measure of the power of wood to resist
indentations, and also abrasion and wear. It varies with the density and
determines the ease with which wood ean be sawed or cut.

Cleavability. Cleavability is an expression of the case with which
wood can be split. It is a particularly desirable quality in the case of
firewood, and equally undesirable when wood must be able to hold nails
or secrews. Wood tends to split more easily along the rays and when it is
straight-grained.

FACTORS THAT INFLUENCE THE MECHANICAL PROPERTIES OF WOOD

Although there are many factors that influence the strength, hardness,
and other properties of wood to a greater or less extent, space will permit
the mention of -only a few of the more 1mp01t‘mt ones, such as density,
mone, and a fe\\' of the defects '
ass of wood sub-
stance to its bulk—are among the chief causes of variations in the
mechanical properties of wood. It has already been pointed out that,
because of the close relationship between the two properties, the density
of any wood may be considered the best indication of its strength.
Density is usually expressed in terms of specific grarity, which is relative
density. Whereas density is merely the weight of a unit volume of any
substance, and is expressed as weight per cubic foot, specific gravity is
the ratio between the weight of the substance concerned and that of an
equal amount of pure water.

The density of wood substance is practically the same in all species, and
its specific gravity has been estimated as about 1.55. This means that
wood is 1.55 times heavier than water, which explains the fact that a
piece of wood sinks as soon as the air in the cavities has been replaced by
water. The variations in density, however, which are to be noted in
different species, individuals, and even parts of the same individual, are
due to differences in the actual amount of wood substance present—in
other words, to the amount of cell-wall material as compared with cell
cavities. Woods with thicker walls and smaller cavities are denser and
heavier, while the more porous woods with larger cavities and thinner
walls are lighter and less dense.

The specific gravity of wood mayv be determined in several ways, but
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usually the weight is calculated from oven-dry material, and the volume
is measured with the wood in any desired condition.  However, since the
moisture content of green, partly seasoned, and seasoned wood is quite
different, and since this difference materially affects the specific gravity,
it is obvious that figures for specific gravity mean little unless the condi-
tion of the wood under which the caleulations were made is stated.

Since the amount of actual wood substance has such an important
bearing on the density of a piece of wood, it might be assumed that
heavier woods are necessarily stronger. This is not always the case for
the presence of gums, resins, or other infiltrated substances and also the
amount of water may affect the weight without altering the strength.

Oak, hickory, persimmon, and osage orange are among the heaviest
native woods. It is often stated that tropical woods are heavier than
temperate woods. That this is not the case is evidenced by the fact that
both lignum vitae, the heaviest commercial wood, and balsa, the lightest,
are products of the tropics.

Moisture. Wood always contains more or less water, the amount in
green wood varying in different species and under different conditions
from as low as 40 per cent to as high as 100 per cent or more of the dry
weight. The water in wood occurs in the cell cavities or in the cell walls,
in which case it is ‘known as hygroscopic water. The amount of hygro-
scopic water necessary to saturate the walls is called the fiber-saturation
point, and constitutes from 20 to 35 per cent of the dry weight. The
variation in the amount of water that may be present in wood is due to a
number of causes, and is made possible by a characteristic property
inherent in the wood. This property, which is known as hygroscopicity,
is the ability to absorb or give off water under different conditions, with
an accompanying swelling or shrinking as the case may be. ’

As already stated, the moisture content of wood has an important bear-
ing on its weight, density, and often on its strength. If the amount of
water present is above the fiber-saturation point, the weight is increased,
but the strength is not altered. If, however, the amount of water is
brought below the fiber-saturation point through cvaporation, then the
strength and other mechanical properties as well are changed. This
means that it is only the loss of hygroscopic water which is responsible
for the increase in strength that accompanies seasoning, as the drying out
of wood is called. This loss of hygroscopic water causes the wood to
shrink, owing to changes that take place in the cells. As the water passes
off, the walls contract, the cells become more closely compacted, and the
fibers become stronger and stiffer. This tendency of wood to shrink as it
dries is one of the great drawbacks to its use. The amount of shrinkage
varies greatly under different conditions, and it is likely to oceur unequally
and unevenly. Wood, for example, shrinks very little lengthwise, and
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only about half as much radially as tangentially. As the result of
uneven shrinkage, warping, checks, shakes, and other defects may
develop, which tend to counteract any increase in strength. In spite of
these shortcomings, however, dried or seasoned wood is for the most part
stronger, harder, stiffer, and more durable than unseasoned wood. Its
desirability is great enough so that artificial methods of seasoning are
utilized in an attempt to control the process as far as possible.

Artificial Seasoning. The two chief types of artificial seasoning are air
seasoning and kiln drying. In air seasoning, the moisture is removed by
exposure to air without resorting to artificial heat. It is carried out in
the open until the wood ceases to lose weight. The final moisture content
varies from 12 to 30 per cent, depending on the species, the duration of
the process, and the weather conditions. The principal objects of air
seasoning are to reduce the weight, the amount of shrinkage, and possible
. defects; to render the wood less subject to decay; to increase its strength
and combustibility; and to prepare it for painting, preservative treat-
ment, and kiln drying.

In kiln drying, heat is applied to wood in an enclosed space. Either
unseasoned or seasoned wood can be utilized. The moisture is removed
more rapidly and more completely, the moisture content of the finished
product varying from 4 to 12 per cent. If green lumber is kiln dried,
checks, warping, and defects due to fungi or insects may often be
prevented.

Defects. The mechanical properties of wood are frequently affected
by the presence of various types of defects, which may be of major or
minor importance. These defects are due to a considerable diversity of
causes. Some of them may be normal characteristics, but ones which
limit the usefulness of wood. For example, wood is dimensionally
unstable; it swells, warps, and checks with changes in humidity and
temperature. Its strength is unidirectional in that it is strong with the
grain and weak across the grain. These disadvantages may be overcome
in part by the use of plywood, wood alloys, or reconstructed wood.

As noted above, certain defects may develop during the seasoning of
wood; others, such as knots and cross grain, may be inherent in the wood
structure; still others may be due to external agencies. Among the latter
may be mentioned insects, fungi, marine borers, birds, parasitic seed
plants, frost, lightning, and fire. Defects due to insects and fungi are
the most important.

Insect Damage. The damage to wood resulting from insect injuries is
far greater than 1s usually realized, amounting to about $9,000,000,000
annually.  All sorts of wood from standing timber to lumber and wood
product= may be attacked. Holes produced by wood-boring insects
constitute the chief type of injury. Insects are most destructive when
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in the larval stage. In recent years the ravages of termites, or “white
ants,” have been increasingly serious.

Decay.  Decay in wood is caused by fungi. Four conditions are
essential for the development of these lower plants.  Unless a favorable
temperature, sufficient moisture, at least a small amount of oxygen, and
an adequate food supply are available, fungous decay does not occur.
The food supply is furnished by the cellulose and lignin in the cell walls,
and is made available by enzymes, which are secreted by the fungi. The
so-called brown rots remove the cellulose, leaving behind a brittle brown
mass of lignin compounds; the white rots utilize the lignin and leave the
white cellulose behind.  Still other fungi are able to utilize both cellulose
and lignin.

e

Woods vary greatly in their natural resistance to deeay.  "Fhis property
is known as durability, and is so important that it alone may determine
the ultimate use of wood, especially in the case of posts, poles, mine
timbers, ete., which are exposed to moisture. Sapwood decays more
readily than heartwood, for the latter often contains resins, gums,
tannins, and other substances that resist fungous activity. Seasoned
wood is also less apt to deeay because of the lower moisture content.
Among native woods that are naturally very durable may be mentioned
the cedars, redwood, eypress, osage orange, and locust; the least durable
woods include basswood and balsam fir.

Since the greatest possible durability of wood and wood produets is
highly desirable, it ix frequently the praetice to vender the wood more
immune to decay by treating it with preservatives that arve poizonous to
fungi. This process of wood nreservation has developed into a consider-
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able industry in recent years (Fig. 28). Various chemicals are used as
preservative agents, chiefly ereosote, a coal-tar product ; and zine chloride.
The mcthods used are brushing or spraying the surface, dipping in open
tanks, and various pressure processes that make possible a deeper penetra-
tion of the liquids.

THE USES OF WOOD

The uses of wood are so many and so varied that it will be impossible to
discuss them at length within the limits of the present volume. It will
also be impracticable to cite definite figures regarding the amount of
wood and wood produets utilized, since conditions vary so much from
vear to vear. Anyone desirous of obtaining such figures may do so from
government reports and other sources. For purposes of comparison,
however, some such data are desirable, and consequently reference will
be made to a few of the figures published in Zon and Sparhawk’s ““ Forest
Resources of the World.” According to these authors the total annual
consumption of wood in the world amounts to 56,000,000,000 cu. ft. - Of
this amount 28.000,000,000 cu. ft. (50 per cent) is used in North America,
17,000,000,000 cu. ft. in Europe, 8,000,000,000 cu. ft. in Asia, 2,500,-
000,000 cu. ft. in South America, and the remainder in Afriea, Australia,
and Oceania. The United States uses about 24,000,000,000 cu. ft. The
per capita consumption in North America is 188 cu. ft., a figure five times
greater than that for any other continent. For the United States it is
228 cu. fi. This is significant when compared with Great Britain’s 15
cu. ft., France’s 26 cu. ft., and Germany’s 27 cu. ft. [t must be stated,
however, that in other countries where the forests are still :abundant the
per capita consumption is even greater than in the United States.

In view of the fact that a great deal more wood is cut in the United
States each year than is replaced by normal growth, it is obvious that
the present rate of consumption cannot continue indefinitely. This does
not mean necessarily that all the forests are doomed to extinetion. There
is every reason to believe that under proper management and with ade-
quate methods of conservation in the future, together with an integrated
forest industry, there is sufficient potential forest area in the United
States to supply all our needs. Our policy should be to grow more and
waste less.

It has been estimated that during the next five years the United States
will use 14,593,000,000 cu. ft. of wood and wood products. The lumber
industry will need 8,670,000,000 cu. ft. : 1,836,000,000 cu. ft. will be used
for fuel, 1,660,000,000 for pulp, 600,000,000 for posts, poles, and piling,
and the balance for veneers, cross ties, cooperage, mine timbers, shingles,
distillation, and other such purposes. This estimate does not take into
account the potential and highly desirable utilization of large quantitics
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of wood and wood waste as the source of the many products made avail-
able by modern wood technology.

TFueL

TFuel is one of the great necessities of modern life and it is indispensable,
both in the home and in industry, as a source of heat and power. Any
material that burns readily in air can be utilized, and a great variety of
plant produects are so used. The most important of these are wood, peat,
and coal, which represent different stages in the carbonization of the
original plant tissue.

Wood. Iven though much less wood is used for fuel at the present
time than formerly, the total consumption is probably greater than for
any other purpose. - It is difficult to obtain reliable figures regarding the
amount used, for much of the supply is obtained from small wood lots
and other local sources. It must amount to 40,000,000 to 50,000,000
cords. Farms and rural communities account for 90 per cent of the total,
with the Southern -and Western states using more than the rest of the
country. The extensive use of wood for fuel does not represent a propor-
tional drain on the forest resources, for much waste material is used, as
well as wood unfit for other purposes. '

Wood makes an excellent fuel since it is 99 per cent combustible when
perfectly dry, and so leaves only a small amount of ash. It is also a
flaming fuel and well adapted for heating large surfaces. The value of
any particular- wood for heating purposes depends on the amount of
moisture present; thus scasoned wood is obviously better than green
wood. THardwoods have the greatest fuel value, especially such woods
as hickory, oak, beech, birch, maple, and ash. In the South longleaf pine
is used, while in the West favorite species include J)()ll"'ldb fir, western
vellow pine, western hemlock, and western larch.

Peat. Peat consists of deposits of vegetable matter which have
accumulated in bogs and swamps and slowly decomposed, becoming
somewhat carbonized and compacted (Fig. 29). The various- plant
tissues can still be made out. The process of peat formation is con-
stantly going on. Peat is a valuable fuel in countries where wood is
scarce. It is more bulky to handle, and leaves from five to fifteen times
as much ash.

At the lowest depths of some peat bogs a soft brown coal, known as
lignite, may be found. This also has the original plant structure still
visible.

Coal. Coal comprises the fossilized remains of plants that lived in
former geological periods. The original plant tissue has been more fully
decomposed and converted into carbon. Coal is much harder and more
compact than peat or lignite, and has a greater heating power. It also
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yields a larger amount of smoke and ash. - Anthracite or hard coals are
the oldest and contain about 95 per cent carbon. Bituminous or soft
coals are of more recent origin and consequently are less completely
carbonized; they tend to soften and fuse at temperatures below the com-
bustion point. Cannel coal consists of fossilized spores. It is very
compact and oily and burns with a candlelike flame. Unlike other coals
it does not soil the hands.

Coal is a cheap source of power and heat, and also of many valuable
chemical products.  Among the latter, which are obtained by destructive

Fr1e. 26. Section of a peat deposit several feet in depth. (Reproduced from Weaver and
Clements, Plant Ecology, McGraw-Hill Book Company, Inc.)

distillation, may be mentioned oils, such as benzol and naphtha; coal
gas, which is used for fuel and illuminating purposes; ammonia; coal tar,
the source of dyes, antiseptics, and countless other materials; and coke.

Coke bears the same relationship to coal that charcoal does to wood.
It is obtained by the smothered combustion of coal in piles or special
ovens, usually as a by-product of the illuminating-gas industry. It is
nearly pure carbon and burns without smoke or flame. Coke is an
excellent fuel, and is also used in metallurgy.

Petroleum. Although no trace of the original structure remains, it is
generally supposed that petroleum had an organic origin and was formed
under pressure from the minute floating plant and animal life of former
shallow seas. {rude petroleum has many uses, but the substances
derived from it by fractional distillation are even more important.
Among these products may be mentioned gasoline, kerosene, petroleum
jel'v. and paraffin.
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LuMBER

Wood, in the form of lumber, has been used for building purposes and
other types of construction from colonial days. This demand for lumber
led to the establishment of a lumber industry at an early date. The first
sawmill was started in Maine in 1631. From this beginning there has
gradually developed a huge industry. The total output is around
40,000,000,000 board feet annually, a figure larger than that of any other
nation.

Man was quick to take advantage of the grosser physical character-
isties of wood. A tree which has been felled and trimmed is a ready-made
structural component with compressive strength and stifiness and can
be utilized directly for posts, poles, mine props, and rough construction.
By proper sawing in the direction of the grain, however, these character-
istics can be carried over into the various shapes of lumber, which, in
addition to being light in weight compared with their strength, are casily
shaped to dimensions and assembled and have good insulating powers.

The term “lumber,” as generally used, means wood that has been pre-
pared to some extent for future use. The larger sizes of lumber, intended
for heavy construction, are often referred to as “timber.” This term,
however, is also frequently used for the forest trees themselves. The
standard unit of measuring lumber is the board foot, which is the equiv-
alent of a picce of wood 1 in. thick, 12 in. wide, and 1 ft. long.

The Lumber Industry

During the long history of the lumber industry in the United States
there have been many changes in the location of this industry, in the
species utilized, and in the actual woods operations.

The center of the industry has always been in a region where large
stands of virgin timber were available. Until 1830 Maine was the
principal lumber-producing state, and for the next 40 years New York
and Pennsylvania led. By 1870 the center had shifted to the Lake
States, with first Michigan and later Wisconsin assuming the lead. From
1910 on, the Southern states became the leaders, with southern pine
replacing the northern hardwoods and white pine. More recently the
center has moved to the Pacific Northwest and is utilizing the immense
stands of Douglas fir and other softwoods. At the present time the
Southern states as a group still produce the most lumber, although
Washingten and Oregon are the leading individual states. The North-
western states must eventually assume the leadership, for over half the
remaining timber supply is located in this region.

Since the beginning of the lumber industry some 150 native species
have been utilized. The softwoods, however, have furnished about 78



FOREST PRODUCTS: WOOD AND CORK 67

per cent of all the lumber cut. TFor many years the castern white pine
was the outstanding timber tree, and indeed was one of the most valuable
trees in the whole world. The demand for it was so great that the supply
soon became greatly diminished and it was replaced in importance by
other species. Oak and hemlock have also had their heyday. At the
present time the most important trees are southern yellow pine, Douglas
fir, western yellow pine, oak, hemlock, white pine, and red gum, each of
which yields more than 1,000,000,000 board feet of lumber. The first
two of these, however, produce twice as much as all the others together.
Many woods that at one time were considered worthless are of com-
mercial importance today. IExamples include red gum, sycamore, beech,
and tupelo. :

In the early days the original forests were so abundant that the timber
supply was thought to be inexhaustible. As a result the lumbering opera-
tions were usually very wasteful. At times every bit of wood would be
stripped from an area, leaving only great quantities of slash as an ever-
present fire hazard and in other ways rendering the region unfit for future
forests. Or all the finest specimens would be cut, leaving only inferior
trees, so that little or no reproduction was possible. The inferior quality
and quantity of our eastern forests bear witness to these wasteful methods.
In recent years, however, there have been many improvements in
lumbering operations looking toward an elimination of waste and more
complete and efficient utilization of the present supply, together with
conservation and maintenance of a supply for the future.

The Utilization of Lumber

Normally about 8 per cent of the lumber cut each year is exported; 32
per cent is used for structural timbers and rough lumber for construction;
33 per cent goes to the planing mills; and 27 per cent is used in other
woodworking industries.

Export Lumber. The exporting of lumber has been an important item
in American foreign trade since the early days of New England; and it
increased in amount until the First World War. Great Britain and the
West Indies have been good customers, and in recent years there has
been a considerable export business with Mexico, several of the South
American countries, Australia, New Zealand, Germany, Italy, China, and
France.

Structural Timbers. Structural timbers are the large sizes of lumber
that come from the sawmills, and are used for bridges, buildings, and other
types of heavy construction. They inelude beams, girders, stringers,
posts, joists, rafters, planks, caps, sills, and boards for sheathing, roofing,
and flooring. Before wooden vessels were replaced to such an extent by
steel vessels, immense quantities of heavy timbers were used in ship-
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building (Fig. 30). Structural timbers are obtained chiefly from the
softwoods beeause large sizes are more readily available. The timbers
are usually sawed from the heart of the tree, and, even though defects
may be present, the bulk is so great that the strength is not impaired.
Strength is the chief requirement of a good structural timber, particularly
the resistance to stresces that can be estimated. Numerous timber-
testing experiments have made possible the estimation of the working
stresses with remarkable accuracy. Soundness, durability, and ease of
working are other desirable characteristics. The principal species used
in the United States for structural timbers are southern yellow pine,

o

Ira. 30.

Douglas fir, hemlock, eastern white pine, western yellow pine, spruce,
larch, and redwood.

Planing-mill Products. Planing mills, which are often associated with
sawmills, use a large amount of lumber representing some 60 different
species. Their products are sometimes classified as “factory lumber,”
which is lumber that has been recut to smaller dimensions and reworked.
The chief products of the planing mills are sashes, doors (Fig. 31), blinds,
window frames, and interior finish. The best wood for millwork has a
straight grain and soft uniform texture. It must not shrink or swell, and
it should be easy to work and capable of taking paints and varnish. The
cheaper products are made from white pine, yellow pine, Douglas fir, and
other softwoods. Tor the more expensive products, oak, birch, red gum,
walnut, maple, mahogany, and other hardwoods with a fine figure arc
utilized. Veneers are now being used extensively for door panels.
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Interior finish includes baseboards, cornices,.columns, grills, mantels,
balusters, stairwork, posts, scrollwork, porch work, and trimming.
Almost all the native and imported woods that are decorative and have
good wearing qualities are used for these purposes.

Hardwood flooring has been a comparatively recent development of
the planing mills, and is widely used. Only the most durable woods,
which also have attractive figures, are used. These are kiln dried and
thoroughly seasoned. The woods chiefly utilized are maple, beecch,
bireh, oak, tupelo, and vellow pine.
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Irg. 31. Sanding, the last process in the manufacture of doors, an important product of
planing mills.  (Reproduced by permission from Atwood, United States among the Nations,
Ginn and Company.)

Other Woodworking Industries. Woodworking industries other than
planing mills use about 27 per cent of the lumber cut. These industries
are so numerous and their requirements and products so varied that it
will not be possible to discuss them. The majority use a relatively small
amount of wood, less than 1 per cent. A few, however, are more impor-
tant. These include the box and crate, railroad car, furniture, vehicle,
agricultural implement, and woodenware industries.

Boxes and Crotes. The manufacture of boxes, crates, baskets, and
other containers for the transportation of canned goods, farm products,
and a host of other articles is steadily increasing. The industry uses
about 15 per cent of the lumber cut, as well as a large amount of veneers
and timher in bolt form. For box-making purposes wood should be light,
strong, and easy to work, with good nail-holding power and a surface
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than can be printed upon. Lower grades of softwood lumber and the
softer hardwoods are used. The chief species utilized are southern pine,
western yellow pine, white pine, red gum, hemlock, and spruce.

Furniture and Fixztures. The manufacture of furniture requires wood
of special strength, hardness, and durability. It must not shrink or
warp, and should be ornamental and capable of a high polish. Oak,
maple, birch, walnut, and red gum are the most important native species,
although tulip, chestnut, beech, elm, and basswood are also used. A large
number of imported woods that have attractive color or figure are utilized.
Altogether some 60 species are used, with a consumption of nearly 1,500,-
000,000 board feet. Veneers are increasing in importance, for they can
be used to cover cheaper and less attractive woods.

Railroad Cars.  About 1,000,000,000 board feet of lumber are used each
year in the building of the various kinds of railroad cars. At least 40
different species of wood are used, although yellow pine and Douglas fir
furnish the ‘greater part. Oak, maple, hemlock, cypress, and several
ornamental woods are also important. The sills, brake beams, posts,
ete.; the sides and roofing; and the interior finish require different kinds of
woods.

Vehicles. The manufacture of vehicles has always been an important
industry. The use of wood increased in magnitude in the early days of
the automobile industry, but has fallen off since metal has so extensively
replacéd wood in that industry. The annual consumption of wood in
vehicle construction is still about 1,000,000,000 board feet. Maple, red
gum, and oak supply about half the amount. The different parts of
vehicles have their own special requirements. The bodies must be light
and stiff, while the running parts require toughness and elasticity.
Hickory, elm, ash, oak, locust, and birch are generally employed for
wheels. Large quantities of softwoods are used by automobile manu-
facturers for crating purposes. '

Other Industries. The-following list of products of other woodworking
industries, arranged approximately in order of importance, will serve to
give an idea of the extensive uses of wood in this country: agricultural
implements, caskets and coffins, refrigerators and kitchen cabinets, ship
and boat building, matches, woodenware and novelties, musical instru-
ments, tanks and silos, signs and supplies, professional and scientific
instruments, electrical machinery and apparatus, machine construction,
toys, laundry appliances; handles, supplies for dairymen, poultrymen and
beekeepers, tobacco boxes, patterns and flasks, sporting and athletic
goods, boet and shoe findings, shade and map rollers, brooms and carpet
sweepers, picture frames and moldings, motion-picture and theatrical
scenery, brushes, plumber’s woodwork, shuttles, spools and bobbins,
trunks and valises, sewing machines, pumps, wood pipe and conduits,
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airplanes, toothpicks, printing materials, playground equipment, dowels,
clocks, paving materials, saddles and harness, gates and fencing, butcher
blocks and skewers, bungs and faucets, firearms, scales, elevators, whips,
canes and umbrellas, tobacco pipes, and artificial limbs. .
Posrs

It is difficult to estimate the annual consumption of wood for fence posts
since such a large number are cut and used locally.. The total, however,
must be at least 600,000,000. I‘ence posts are used chiefly on farms and
along roads and railroad right of ways. The old rail fences have almost
disappeared. Posts are usually cut 7 ft. in length and from 4 to 6 in. in
thickness. They are used in the round or are split. Strength, light
weight, and durability in the soil and weather are the main requirements.
A great variety of woods are utilized, principally redwood, cedar, chest-
nut, oak, tamarack, ash, black locust,. osage orange, and cypress. In
order to increase their durability, fence posts are usually treated with
preservatives.

Mixe TIMBERS

A large amount of wood, both round and sawed, is used in mines for
*shafts and for the various types of supporting structures (IFig. 32), such as
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I'ra. 32, Mine timbers. A stretch of gangway in a Pennsylvania mine. (Photo by U.S.
Forest Service.)

props, caps, and collars.  Strength and durability are particularly impor-
tant for safety is a prime requisite and the wood is used in an environment
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especially favorable for the agencies of decay. Almost any kind of wood
is likely to be used, however, for most mine timbers are only for tempo-
rary use; frequent replacements are necessary as the result of breakage,
wear, and decay. Oak, pine, chestnut, tamarack, maple, beech, hemlock,
and Douglas fir are among the more important species. Very little
mine timber enters the trade, for most of the supply is cut locally from
whatever wood is available.

Pores axp PiLixg

From 3,000,000 to 5,000,000 poles are used each year for telephone,
telegraph, electricity, and power-transmission lines. About the same
number of piles are used for harbor work of various kinds and bridge,
trestle, and similar construction.

Poles are used in the round, and, as they are likely to decay at the
ground level; only woods with a durable sapwood are used. Iven these
woods are treated with preservatives. Other requirements are strength,
light weight, and accessibility. The shape is also important. Cylin-
drieal, slightly tapering poles with large butts are the most desirable.
Piles, in addition to the above requirements, must be able to withstand
heavy top loads and must be capable of being driven. .

Southern pines, cedars, especially the western red and northern white
cedar, Douglas fir, and lodgepole pine are used to the greatest extent.
Less favored species include the chestnut, oak, cypress, redwood, larch,
elm, and locust.

COOPERAGE

The cooperage industry, which comprises the manufacture of wooden
containers bound together with hoops of wood, is a very old industry,
dating back to Biblical and Roman times. . Since 1907, however, produc-
tion has been in steady decline owing to the competition of other types of
containers. There are two principal classes of products: slack cooperage,
for holding dry substances; and tight cooperage, for holding liquids:

Slack Cooperage. This type of cooperage includes a great variety of
tubs, barrels, casks, pails, buckets, kegs, churns, and other containers.
They are used to transport fish, meat, tobacco, vegetables, fruit, flour,
sugar, cement, crockery, glassware, and a host of other materials. A
single barrel usually cousists of 15 staves, one set of heading, and six
hoops. These various parts may be manufactured in different factories
and even in different regions. There are many grades of slack cooperage
ranging from flour and sugar barrels, with tongued and grooved staves,
to the loose-fitting and cheaply constructed eement barrels.

Wood for use in slack cooperage must be cheap, light, easy to work,
elastic, and free from warping and twisting. Otherwise any sort of wood
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is permissible. Limbs, tops, defective logs, and other forms of waste
lumber can be utilized. Veneers are being used to a considerable extent.
Staves and heads are usually made from red gum, pine, elm, beech, maple,
oak, Douglas fir, ash, and a variety of other woods. Wooden hoops are
made chiefly from elm, although hickory, oak, gum, and hackberry are
occasionally used. Metal hoops made from wire or beaded steel, how-
ever, are now utilized to a great extent.

Tight Cooperage. Barrels and kegs that are to be used as containers
for beer, wine, oil, and other liquids are more carefully constructed.
Woods which will impart no odor or taste to the liquids and which are
impermeable are essential.  White oak has long been the outstanding
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¥16. 33, White oak staves in Alabama ready for shipment. (Photo by U.S. Forest Service.)

wood used (Fig. 33), especially when the liquids are to remain in the
barrels for a long time. Red gum, red oak, white ash, yellow birch, sugar
maple, and Douglas fir are also utilized. The finished product is usually
treated on the inside with paraffin to insure that no leakage will occur.
Hoops are made chiefly of strap steel.

Heavy Cooperage. Large-sized tanks and vats constitute heavy
cooperage. They are made with staves and heads of white oak, Douglas
fir, cypress, or redwood, bound together with metal straps.

Rairoap Ties

TFrom 1880 to 1910 there was a great demand for railroad ties, including
cross ties, switch ties, and bridge ties, the number increasing from 35,000,-
000 in 1880 to 142,000,000 in 1910. This was the period of expansion for
both steam and electric roads. More recently there has been a reduction
in the consumption of ties, due in part to a lessened demand and in part
to the longer life of the ties as a result of preservative treatment. The
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number of ties used ecach year will always be considerable, probably
around 40,000,000, considering that there are about a billion ties in use
and that the average life of an untreated tie is only five or six years.

Ties are usually hand hewn from a seasoned wood but may be sawed.
Strength, durability in the soil, and the ability to resist impact, crushing,
and spike pulling are essential. Treated ties are fully as serviceable as
those made from naturally durable woods. Seventy per cent of the ties
are made from oak, southern pine, red gum, and Douglas fir. Other
species used include cypress, cedar, chestnut, beech, maple, tamarack,
and hemlock. Douglas fir ties are often sawed.

VENEERS

Veneers are thin slices or sheets of wood of uniform thickness. Al-
though they can be cut as thin as {79 in., the commercial product is
usually about }4¢ in. thick; 3¢ in. is the maximum. Venecrs do not
represent a new development in the utilization of wood, for they were
known to the Romans, Egyptians, and other early civilizations. Their
use in.this country was retarded for many years because wood was so
abundant and so cheap. In recent years, however, a large demand for
veneers has arisen, due partly to their own inherent qualities, partly to
the necessity of conser vmg the supply of valuable timber, and partly to
the fact that wood can be used which otherwise would be wasted.

In mal\mg:, veneers, logs or pieces of wood are peeled and boiled and
then cut with a knife. Although several processes are used, 90 per cent
of veneers are cut by the rofary process (I'ig. 34). This involves turning a
log on a lathe against a stationary knife, with the formation of a con-
tinuous sheet of veneer. This process is quite wasteful as a core from 6
to 10 in. in diameter is left. This core, however, can be used for fuel,
boxes, crates, excelsior, and various industries. The figure in this type
of veneer is not very striking, since the sheet is cut parallel to the annual
rings. In the slicing process logs are quartersawed and consequently
show a more attractive figure. The logs are first quartered and then
sliced with a stationary knife, thus yielding separate sheets. This is the
least wasteful process and is used for many of the imported woods. In
the sawing process quartered logs are cut with a circular saw.  Although
the resulting veneers are quite thick and although the process is a rather
wasteful one, the most valuable woods are sawed because the fibers are
but little torn and the material can be more readily worked up. Freshly
cut veneers are usually wet and must be thoroughly dried before adhesives
can be applied.

At first veneers were used only in connection with furniture and
cabinetwork to cover up inferior woods, and they were made from
mahogany, walnut, and other woods with a beautiful color, grain, and

N
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figure. Now many species are uscd and the veneers are utilized in the
manufacture of boxes, baskets, cooperage,-door panels, trunks, mirrors,
musical instruments, and many other articles. Vencers make possible
maximum strength with minimum weight. Any wood is suitable which
comes in large sizes, has a symmetrical grain and figure and few defects,
and is inexpensive. A large variety of both domestic and foreign woods
are used in the manufacture of veneers, but over one-half of the total
output in the United States is made from red gum or Douglas fir. Three
kinds of hardwood veneers are manufactured. Face vencers are sliced or
sawed from carefully selected logs and are used for only the finest work.
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Fic. 34. Producing rotary-cut veneer. (Courtesy Wood Mosaic Co., Loutisville, Kentucky.
Reproduced from Panshin, Harrar, Baker, and Proctor, Forest Products, McGraw-Hill Book
Company, Inc.)

Normally some 80 or more kinds are available. Chief among native
woods are black walnut, quartered red and white oak, red gum, and
sugar maple. Commercial veneers are rotary-cut to order and are used
for plywood, concealed parts of furniture, etc. Beech, birch, maple,
basswood, tulip, cottonwood, tupelo, sycamore, and oak are all utilized.
Contazner vencers, the cheapest kind, are made from any inexpensive wood
and are used for boxes, barrels, crates, and similar containers. Softwood
veneers, either rotary-cut or sliced, are manufactured chiefly on the
Pacific Coast. Lighty per cent of them are made from Douglas fir, but
Sitka spruce, western yellow pine, and Port Orford cedar are also used.
Softwond vencers are utilized almost entirely for structural plywood or
interior paneling.
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PLywoop

A recent development in overcoming some of the natural defects in
wood is the manufacture of the so-called “built-up” stock or plywood.
This involves gluing together from three to nine thin veneers. The grain
of each successive layer is at an angle to the next, so the strength is
redistributed and the dimensional instability of one layer is compensated
for and reduced by the others. Consequently the finished product is
very strong and stable and much less likely to warp or twist than ordinary
wood. Nails and screws may be driven close to the edge with no danger
of splitting the plywood.

The manufacture of a five-ply plywood panel consists of preparing the
face, back, cross band, and core sheets; applying the adhesive; pressing
the glued stock into a panel; and drying and finishing the product. The
softer woods are. generally utilized, as they can be glued more casily.
One simple type of plywood has a 3§-in. core of poplar with 1{y-in. birch
veneers.on cach side. Various animal and plant adhesives are used as
well as large quantities of synthetic resins.  Modifications of the ordinary
process result in molded or curved plywood and in wood alloys.

Plywood is now a fully recognized_engineering material with its own
peculiar properties.. It has extensive uses in the home for doors, walls,
flooring, partitions, shelves, cabinets, furniture, and interior - trim.
Enormous quantities are also used in making concrete forms, prefabri-
cated houses, airplanes, boats, railroad cars, and the bodies of trailers and
station wagons.

Woop ALnLoys

In the manufacture of wood alloys or deusified wood, such as compreg,
impreg, and uralloy, from plywood the natural wood structure is impreg-
nated with synthetic resins and bonded under high pressure. The resins
establish strong physical and chemical bonds with the wood fibers and
create a material with new properties, which is also very hard, strong,
stable, and resistant to decay.

RecoxstrucTED WooD

Reconstructed wood is characterized by a reorganization of the fibers
whereby they are taken out of their original unidirectional grain and
rearranged in multidirectional patterns. This may be accomplished by
physical or chemical means. Since the use of chemicals involves breaking
down the wood into cellulose and lignin, the discussion of a chemically
reconstructed wood, such as paper, will be reserved until Chap. X.

Masonite is an example of a wood which has been reconstructed by
physieal means. Wood chips are subjected to high pressure in o steam
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vessel and are then exploded with the abrupt release of the pressure.
This tears the fibers apart and also reactivates the lignin, a natural plastie,
which fixes and binds the fibers in their new orientation. At first this
new material was used as an insulating fiberboard, as it was an excellent
insulator against heat, sound, and eclectricity. Later it was found that
the application of heat and pressure converted the boards into a homo-
geneous grainless synthetic board with extreme hardness and resistance
to water.

SHINGLES AND SHAKES

~ Shingles are thin pieces of wood used to protect the roofs and sides of
buildings from the weather. Until recently they were made by hand by
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T1G. 35. A shingle mill in the Olympic Forest, Washington.
Service.)

(Photo by U.S. Forest

riving bolts of wood and shaving off the shingles with a drawing knife.
Handmade shingles were probably among the first of the wood products
manufactured by man. Shingles are now chiefly machine made (Fig.
35), and some are sawed. Shingle wood must be durable, light in weight,
easy to split, and able to hold nails without loosening, and it must not
warp. Straight, even-grained woods are the best. The durability of
shingles is increased by treating them with preservatives. The most
outstanding shingle wood is western red cedar. Northern white and
southern white cedars, redwood, and cypress are also used. When avail-
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able, virgin white pine is an excellent material. The output of shingles
reached its peak in. 1909 when 15,000,000,000 were produced. Since
that time the industry has suffered from the many substitutes.

Shakes ave split shingles and naturally are much thicker. They were
important in colonial and pioneer days, but now are but little used save
for special architectural effects and in the more remote regions such as the
southern. Appalachians.  In the West shakes are still manufactured on
the Pacific Coast and in the northern Rocky Mountain area from western
red cedar, sugar pine, and redwood.

EXCELSIOR

Excelsior consists of thin curled strands or shreds of wood and is made
by placing wood on frames and pressing it against rapidly moving knives
or steel teeth. . This material was first known as wood fiber, and “excel-
sior”” was later introduced as a tradé name.. Excelsior is light and elastic
and makes an excellent material for packing-and shipping glassware and
other breakable articles. It is resilient and free from dust and dirt, and
so can be used for stuffing mattresses and upholstery. A very fine grade
of excelsior, known as wood wool, is used in filters and in the manufacture
of rugs and matting. L

The production and use of excelsior are now on the dedme Almost
any wood that is light in weight and color, odorless, and free from resins
or gums can be used. Basswood, which is very soft and springy, is the
best material. Cottonwood and the other poplars and vellow pine are
used to a great extent. ' Other. woods include *buckeye, tulip, birch,
spruce,. maple, white pine, and red gum. Wood waste fromithe other
industries is also used. . It is estlmatcd that a cord of wood ylelds about
1500-1b: of excelsior. :

"‘SAWDUST AND, SHAVINGS

The principal use of sawdust is for fuel, usually in the form of bri-
quettes. It is also increasingly valuable for many industrial purposes.
Often it i& separated by species and graded by size: It serves as a bedding
for stables and kennels, as a floor covering to absorb moisture, for clean-
ing, drying, and polishing metal, as a packing medium, as a soil condi-
tioner and an insulating material. It plays a part in the making of
leather and the conditioning of fur and is an ingredient of composition
flooring, artificial wood, w allboard, abrasives, floor-sweeping compounds,
and many other produets.

Shavings find their greatest use as fuel and as a packing material,
although they are utilized in many other ways. White pine shavings are
most desirable.
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Woop Frour

Wood flour, which consists of finely ground sawdust, shavings, and
other forms of wood waste, is of increasing importance in the manufacture
of linoleum, plastics, nitroglycerin explosives, veneer bonds, composition
flooring, insulating brick, and many other products. It is used as a filler,
an absorbent, or a mild @brasive. Only light-colored woods with a low
resin content can be used. White piné furnishes about 75 per cent of
the total amount. Tormerly imported, domestic production is now
sufficient to meet the demand. ’ :

CnarcosL AND Woop DISTILLATION

Charcoal

The heating of wood in order to convert it into carbon or charcoal is a
practice as old as civilization. It was probably the first chemical process
discovered by man.” Charcoal is still a valuable fuel, since it has twice
the heating power of wood and burns without flame or smoke. It is
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extensively used in many Europézin and Asiatic countries, particularly
where forests are abundant, and it is the chief domestic fuel in most
tropical countries. Charcoal is also used in medicine, as a reducing
element in the iron and steel industry, and in the manufacture of chemi-
cals, gunpowder, explosives, and certain cosmetics. It is the best
material for absorbing impurities and bad odors from both water and the
atmosphere. During the First and Second World Wars it was extensively
used in gas masks. About 7,500 tons are used annually in curing shade-
grown tobacco. The best yields of charcoal are obtained from the denser
hardwoods, such as beech, maple, birch, oak, and hickory. Willow
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charcoal is especially desirable for explosives. The conversion of wood
into charcoal was formerly carried on in open-air pits (Fig. 36) by a
process of partial combustion. This method was extremely wasteful, as
all the volatile material contained in the wood was lost. Beehive kilns
and portable ovens have also been used. Today charcoal burning has
been almost entirely replaced by wood distillation, and the valuable gases
and other by-products are recovered as well as the charcoal.

Woop DISTILLATION

The process of wood distillation is also ancient and was known to the
Egyptians. At the present time it is important, not only in rendering
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T1G. 37. Wood distillation retorts in Wilmington, N.C. (Photo by U.S. Forest Service.)

available the volatile wood elements, but as a factor in forest conserva-
tion. One of the chief sources of wood for destructive distillation is the
waste left by lumbering operations, sawmills, and planing mills. There
are two distinet types of wood distillation.

Hardwood Distillation. This process utilizes the denser and heavier
hardwoods and has been carried on in the United States for over 100
yvears. The wood is heated in large oven retorts (I'ig. 37). The immedi-
ate products are charcoal, pyroligneous acid, which condenses from some
of the gases given off, tar and oil, and noncondensable wood gases. The
tar and oils are allowed to settle out, and the pyroligneous acid is passed
through a series of stills where more tar and oils are removed. Eventu-
ally slaked lime is added, and in a final distillation wood alcohol (meth-
anol) passes off and acetate of lime is left as a residue. A recent modifica-
tion of the process results in the recovery of acetic acid directly from the



FOREST PRODUCTS: WOOD AND CORK 81

pyroligneous acid.  The average yield per cord is 900 to 1080 Ib. of char-
coal, 180 to 220 lb. of acetate of lime or 103 to 125 Ib. of acetic acid, 9.5
to 11 gal. of wood aleohol, 22 to 25 gal. of wood tar ‘md 0115 and 7,000 to
11,500 cu. ft. of wood gas.

Acetate of lime is used chiefly in the manufacture of acetic acid, which
has wide applications in the textile, paint, leather, film, and plastlcs
industries, and acetone, which is extensively used as a solvent. Wood
alcohol also finds its greatest use as a solvent, especially in the paint and
varnish industry; it is the source of a great variety of chemical products
as well, such as aniline dyes and formaldehyde, and has a multitude of
uses as a fuel, illuminant, denaturant, and ingredient of medical, chemical,
and other industrial preparations. The wood tar and oils are used as a
fuel or as the source of many industrial oils. Wood gas also serves as a
fuel and may be converted into a substitute for gasolme in - mtelnal-
combustion engines.

Softwood Distillation. This’is & more recent development and utilizes
resinous woods, chiefly southern yellow pine. The products aré charcoal,
wood turpentine, oils, tar, and wood gas.. Softwood pyroligneous acid
contains only small amounts of wood alcohol and acetic acid, and no
attempts are made to recover them. The wood turpentine is used in
the manufacture of paints, varnishes, and synthetic ccamphor. The tar
and oils also have a:large number “of mdustnal uses; one 1mp01tfmt
product is creosote. : : Co

Oruer Uses ofF Woob

The use of wood as a raw material for the paper and textile industries
and as a source of tanning and dye materials, food, alcohol, and other
products is discussed elsewhere.

CORK

Cork is a forest product of great antiquity, its use dating back at least
as far as Greek and Roman times. It is obtained commercisally for the
most part from the cork oak (Quercus suber), a tree native to the Mediter-
ranean region. This is a species from 20 to 60 ft. in height and 4 ft. in
diameter, with a short trunk and densely spreading crown. The ever-
green leaves resemble those of holly, but are spongy and velvety. The
acorns serve as a food for swine. The cork oak is found from the Atlantic
to Asia Minor, and is especially abundant in Portugal, Spain, Algeria,
Tunisia, southern France, Morocco, Italy, and Corsica. About 3,764,000
acres of cork forests occur, over a million of which are found in Algeria.
The tree thrives best on rocky siliceous soil on the lower slopes of the
mountains.
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Cork or “corkwood” consists of the outer bark of the tree. This can
be removed without injury to the tree, and, provided the inner bark is
not damaged, it is renewed, new layers being formed cach year. The
operation consists of making vertical and horizontal cuts with hatchets or
saws, and then prying off large pieces of the bark (Fig. 38). Great care
is taken not to injure the inner bark, which would prevent the formation
of new bark and might even endanger
the life of the tree. The rich dark-red
color of the exposed areas is one of the
characteristic sights in a cork forest.
The stripping is usually carried on in
midsummer when weather conditions
are most favorable.

The bark of both the trunk and
larger branches is usually utilized,
although in some countries the cutting
area is restricted to the first 6 ft. of
the trunk. Cork is first removed
when the trees are about 20 years old.
This first yield, which is known as
virgin cork, is very rough and coarse
and of little value. Subsequent strip-
pings oceur every nine years. The
second yield is better, but the best
quality of cork is not obtained until
the third cutting and thereafter. The
trees live for 100 to 500 years, and
have an average yield of 40 to 500 Ib. per tree. The best grade of cork’
consists of inch-thick layers obtained from young vigorous trees.

After stripping, the pieces of cork are dried for several days and
weighed and then shipped to some central point for further treatment.
They are first boiled in large copper vats. This removes the sap and
tannic acid, increases the volume and elasticity, and flattens the picees.
It also loosens the outermost layer, which is seraped off by hand. The
rough edges are then trimmed off, and the flat pieces are sorted and baled.

Cork possesses many properties that make it very valuable in industry.
In spite of its bulk it is very light and exceedingly buoyant, owing to the
fact that it is composed entirely of dead watertight cells. It can be
readily compressed and is very resilient. Even after 10 years of use cork
stoppers will recover 75 per cent of the original volume. It is durable, a
low conductor of heat, and is resistant to the passage of moisture and
liquids. It also absorbs sounds and vibration and has certain frictional
properties.

F1c. 38. A cork gatherer in Gibraltar,
Spain.  (Photo by U.S. Forest Screice.)
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Uses of Cork

Cork is used for many purposes and for the manufacture of a great
variety of products. In some cases the natural cork is utilized; in others
composition cork, made of coarse or finely ground picces treated with
adhesives and molded.

Articles made from natural cork include stoppers, which are cut by
hand or machine; hats and helmets for use in tropical countries; tips for
cigarettes; carburetor floats; handles for golf clubs, penholders, fishing
rods, and other articles; mooring buoys, floats, life preservers, life jackets,
and surf balls; baseball centers; decoys; mats; tiles; and many other
products. Corkboard, made by heating natural cork, is used as an
insulating material for houses, cold-storage plants; and refrigerators. It
serves as a means of improving the acoustics of rooms and rendering them
soundproof. It is very resilient and consequently is a valuable material
for machinery isolation. :

Composition cork is used for the lining of crown caps, the metal tops
for sealing bottles; gaskets; toes, counters, and -innersoles for shoes;
polishing wheels; friction rolls; and several types of floor covering.
Linoleum is made from cork or wood flour, linseed oil, resins, such as
rosin or kauri gum, pigments, and burlap. The oil is boiled and allowed
to solidify by dripping on pieces of cloth. The solidified oil is ground up
and melted with the resins. 'This mixture is cooled and hardenéd, and
after several days of “curing” it is mixed with the cork, which has been
ground as fine as dust, and with thedry color pigments. It is then pressed
into burlap cloth with hydraulic presses. The linoleum is then seasoned
in ovens and finished by giving it a protective surface of nitrocellulose
lacquer. Linotiles are individual tiles made from ground cork and linseed
oil, but much thicker and denser than linoleum.

Over 300,000,000 1b. of cork are produced annually, chiefly in Spain,
Portugal, and Algeria. The United States imports from 50 to 60 per
cent of the output. Cork is such an essential material in our national
economy, both in peace and war, that attempts have been made to
develop at least an emergency supply which would not be subject to war-
time rescrictions. Experiments have been carried on in California since
1940. Some 5000 cork oak trees have been located, acorns have been
collected and distributed, and 200,000 seedlings have been set out. This
domestic cork is of good quality and regrows rapidly and satisfactorily
after stripping. There is every reason to believe that a flourishing cork
industry may be developed in California and the Southwestern states.



CHAPTER IV
FOREST RESOURCES

DISTRIBUTION OF FOREST LANDS

Climatic conditions, in some parts at least, of all the continents are
favorable for the development of forests. Although our knowledge con-
cerning the exact nature and distribution of these forests is still incom-
plete, it is possible to estimate roughly the amount of forest land in the
world as about 7,500,000,000 acres, or 2215 per cent of the earth’s
surface. These forest lands are distributed on the various continents as
follows: Asia, 28 per cent; South America, 28 per cent; North America,
19.3 per cent; Africa, 10.6 per cent; Europe, 10.3 per cent; Australia and
Oceania, 3.8 per cent. In many countries forests were originally much
more abundant than they are at the present time.

The softwoods or conifers occupy 35.4 per cent of the total forest area,
occurring in pure stands or mixed with hardwoods. They are especially
characteristic of the colder areas, about 95 per cent occurring in the north
temperate zone. When they are found in warmer regions, conifers are
restricted to the higher altitudes. In the case of the hardwoods, a dis-
tinction is usually made between temperate and tropical hardwoods.
The former occupy 16 per cent and the latter 35.4 per cent of the total
forest area. As in the case of the conifers, most of the temperate hard-.
woods (89 per cent) are found in the north temperate zone. It is of
interest to note that three-quarters of the world’s population lives in this
area, and consumes nearly 90 per cent of all the wood used. The fact that
both the softwoods necessary for general construction and the hardwoods
have been readily available throughout this area has been.of great
economic importance. It has been only recently, as a result of the deple-
tion of the native forests, that attention has been turned to the almost
untouched tropical forests, save as a source of ornamental woods, dye-
woods, and similar products.

FORESTS OF NORTH AMERICA

Forests occupy about 26.8 per cent of the land area of North America,
with conifers comprising 72.4 per cent, temperate hardwoods 20.1 per
cent, and tropical hardwoods 7.5 per cent of the forests. The northern
part of the continent—Alaska, Canada, Newfoundland—is predominantly

84
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coniferous, with 93 per cent of the softwoods and 7 per cent of temperate
hardwoods. The United States has 62 per cent conifers and 38 per cent
temperate hardwoods; Mexico has 47 per cent conifers, 34 per cent
temperate hardwoods, and 19 per cent tropical hardwoods. In Central
America tropical hardwoods account for 75 per cent and conifers 25 per
cent of the total. The West Indics have an even higher percentage of
tropical hardwoods (87 per cent), with 13 per cent of conifers.

In the United States at the present time there are about 469,000,000
acres of woodland, comprising 24.7 per cent of the total land area. Of
this amount about five-sixths is capable of producing lumber on a com-
mereial scale. The present forest area is only a little over half that of
the original forests that existed at the time of the first English settlements
three centuries ago.

ForeEST AREAS OF NORTH AMERICA

The forests of North America are found in at least six well-defined
areas (Fig. 39): (1) the northern coniferous forest; (2) the eastern decidu-
ous forest; (3) the southeastern coniferous forest; (4) the Rocky Mountain
forests; (5) the Pacific Coast forests; and (6) the tropical and subtropical
forests. ) v A ,

Northern Coniferous Forest. This great evergreen forest extends
across the continent from Newfoundland and Labrador to the lower
Hudson Bay region and Alaska, south of the treeless arctic tundra. The
chief trees are white spruce, black spruce, balsam fir, and larch, with
some paper birch, aspen, and balsam poplar. From Nova Scotia and
northern New England to Minnesota, and southward along the summits
of the Appalachians, there exists a transitional region between the conifer-
ous forest and the eastern deciduous forest, with species of both these
areas intermingled. Prominent trees of this so-called “northern hard-
wood region’ include the white pine, red spruce, white cedar, beech,
sugar maple, hemlock, yellow birch, and locally the red pine and jack pine.

Eastern Deciduous Forest. This forest, one of the oldest on the
continent, covers most of the eastern and central part of the United
States. It attains its best development in the lower Ohio valley and on
the sloves of the southern Appalachians. It extends as far north as
Ontario and southern Quebec. The more important trees are the oaks,
hickories, chestnut, tulip, black walnut, basswood, ash, and elm. Toward
its northern limits, as we have just seen, the beech and maple become
prominent, intermingled with various conifers. Similarly toward its
southern and southwestern limits the oaks and hickories often oceur with
many of the pines that characterize the southeastern coniferous forest.
Westward the deciduous forest becomes gradually restricted to the river
valleys of the prairie region.
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Southeastern Coniferous Forest.
Atlantic coastal plain from Virginia to Texas.

This forest is found along the sandy

The various pines,

prineipally longleaf, shortleaf, loblolly, and slash pines, occur on the
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forest is the tundra formation. On the unshaded areas south of it are the prairie, plains,
and desert formations. (Reproduced by permission from Transcau, General Botany, World
Bool: Company, Yonkers-on-Hudson, N.Y.)

uplands; in lower ground are found red gum, tupelo, live oak, and mag-
nolia. Southern white cedar and cypress occur in the swamps.

Rocky Mountain Forest. Like all the forest areas of Western America,
the Rocky Mountain forest is made up almost entirely of coniferous
species. The area extends from northern British Columbia southward
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across the United States and Mexico, and even into Central America.
Naturally in so large an area there are many differences in the nature of
the forest due to latitude and altitude. Western yellow pine is the most
characteristic speeies. Others include the lodgepole pine, Douglas fir,
white fir, and western larch, with Engelmann spruce and alpine fir at the
higher elevations. In northern Idaho and adjacent Montana a forest
occurs which is quite similar to some of those on the Pacific Coast, with
western red cedar, western hemlock, and western white pine as the chief
species.

Pacific Coast Forests. Within the Pacific Coast region there are
several distinct forest areas. Along the coast from Alaska south to
Washington, Sitka spruce is the chief species. In southern British
Columbia, the Puget Sound region, and eastern Oregon and Washington
as far east as the summits of the Cascade Range there is situated one of
the most magnificent conifer forests in the world.. Few, if any others, can
surpass it in density of the stand and the size of the trees, which reach a
height of 200 to 250 ft. and a diameter of 8 to 15 ft. The mild winters,
due to the nearness of the ocean, and the very great precipitation, about
100 in., are in part responsible for the development of this forest. Doug-
las fir is the dominating species, and with it are associated western hem-
lock, western cedar, Sitka spruce, and several firs. This region is the
location of the largest lumbering operations in the country at the present
time.

From Oregon south to San Francisco Bay the forests along the Coast
Range are dominated by the redwoods, the tallest of all the conifers.
This region has been exploited for many years and much of the timber has
been cut and the land given over to agriculture.

East of the Cascade Range the forests tend to merge with those of the
Rocky Mountains. The principal trees are western yellow pine, Douglas
fir, western larch, lodgepole pine, and locally western- white pine, Engel-
mann spruce, and alpine fir. This forest also extends southward along
the Sierra Nevadas in California. Here western yellow pine, sugar pine,
incense cedar, Douglas fir, and white fir are common with red fir at the
higher altitudes. The Big Trees are found locally along the lower slopes
of the Sierras. '

Tropical Forest. Subtropical conditions are found in southern Florida,
but none of the trees are of commercial importance. True tropical forests
are found in the Mexican lowlands, on the eastern slopes of Central
America, and in the West Indies. Most of the original forest in the latter
two regions has beea destroyed as a result of migratory agriculture and
has been replaced by the dense, almost impenetrable tropical jungle.
The more important tropical species of North America will be considered
together with those of South America.
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Tue Prixciran Woobps oF TEMPERATE NORTH AMERICA

In North America there occur over 500 species of woody plants, ex-
clusive of tropical species. About a hundred of these are of commereial
importance. The most prominent of these will be considered briefly.

SOFTWOODS

Cedar

The cedars of commerce all have a fragrant, light, soft wood which is
even grained and resistant to decay. The chief use of the wood is in mill-
work and the manufacture of instruments, woodenware, caskets, boats,
and laundry appliances. Commercial cedar comprises seven different
species:

The Port Orford cedar (Chamaccyparis Lawsoniana), found in Oregon
and California, is the hardest of all the cedars and has other exceptionally
good technical properties. It yields a strong, durable, heavy, stiff timber
which takes a good polish. The wood is used for boats, airplanes, furni-
ture, millwork, matches, floors, interior finish, and posts.

The Alaska cedar (Chamaccyparis nootkatensis) ranges from Alaska to
Oregon along the Pacific Coast. The light, stiff, hard, strong wood is
easy to work and durable. It is used for boats, shingles, fences, and
interior finish.

The southern white cedar (Chamaecyparis thyoides) is a smaller tree
found in the Atlantic and Gulf Coast states.  The wood is used for boats,
shingles, poles, posts, ties, and cooperage. In colonial days it was used
for houses, but it is too light to support the weight of second stories.

"The incense cedar (Libocedrus decurrens) of California, western Nevada,
and Oregon has a close-grained reddish wood of considerable value on the
Pacific Coast. It is used for building purposes, posts and piling, and to
a large extent for lead pencils.

The eastern red cedar (Juniperus virginiana) is one of the most charac-
teristic trees of the eastern United States. The wood is very durable and
is especially resistant to weather conditions. It is used for poles, fence
posts, crosstrees, ties, etc. The sapwood is white, and the heartwood
rich red and very fragrant owing to the presence of an essential oil.  The
wood is soft, with a fine, even grain, and it can be whittled easily, so, until
it became scarce, it constituted the standard wood for lead pencils.
Chests, cigar boxes, pails, panels, veneers, and interior finish are also made
from it. :

The northern white cedar or arbor vitae (Thuja occidentalis), a common
tree of New England, the Lake States, and adjacent Canada, is one of the
lightest of woods. It is soft and easily worked and is utilized for wooden-
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ware, canoe and boat building, shingles, fence posts, railroad ties, poles,
tanks, and silos.

The western red cedar (7Thwja plicata) of the northern Rocky Moun-
tains and Pacific Northwest is the largest of the cedars, reaching a height
of 150 ft. and a girth of 30 ft. The brownish-red, close, even-grained wood
is very soft, but extremely durable. Two-thirds of the output is used for
shingles. Other uses include fences, poles, interior finish, cabinetwork,
and cooperage. The coast Indians used this species for their totem poles
and war canoes, and also made ropes and textiles from the bast fibers of
the inner bark.

Cypress

The bald cypress (Taxodium distichum), a characteristic tree of swamps
along the Atlantic Coast from Delaware to Texas and in the lower

Fre. 40. A stand of Douglas fir (Pseudotsuga taxifolia) in the Siskiyou National Forest,
Oregon. (Photo by U.S. Forest Service.)

Mississippi valley, is one of the strongest and heaviest of the softwoods.
The tree reaches a height of from 80 to 140 ft. and a girth of from 5 to 12
ft. Conspicuous features are the “knees,” conical outgrowths from the
roots for purposes of aeration. Unlike most conifers, the cypress sheds
its leaves, The wood is a rich red color with a distinet grain. It is soft
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and coarse and works well.  Its chief utilization is in millwork for cabinet
and interior-finish purposes. It is also used for shingles, ties, posts, sides
of greenhouses, tanks and cisterns, and other structures exposed to decay,
for the wood is very durable and long lived. Boxes, boats, and cooperage
are other products. -

Douglas Fir

The Douglas fir (I’seudotsuga taxifolia) is one of the two most important
American woods at the present time, and more of it is available than any
other species. The tree covers a wide range of territory in the north-
western United States and adjacent Canada, attaining its best develop-
ment on the Pacific Coast -from central California to British Columbia.
It is very large, reaching a height of 200 ft. or more and a diameter at the
base of 8 to 10 ft. (Fig. 40). The lowest branches are high up, so the trees
are-frequently used for masts, spars, and flagpoles. The size of the trunk
also makes possible timbers of any length and size. The wood is resinous
with'a close, even, well-marked grain, and is of medium weight, strength,
stiffness, and toughness. Tt is very durable and, when well seasoned, does
not warp. A great deal of the Douglas fir cut is used in heavy construc-
tion. Other uses include piles, ties, paving blocks, veneers, airplanes,
floors, and millwork. The bark is now being processed for use as a cork
substitute in making plastics, adhesives, and explosives. It also has
insecticidal properties.

Fir

The true firs are of comparatively little commercial importance. The
wood is very light, soft, and brittle, and finds its greatest use in the manu-
facture of boxes and crates. Fir is also used in millwork and as a source
of pulpwood. The most important species are the balsam fir (Abies
balsamea) of the northern coniferous forest region and four western
species, the lowland white fir (1. grandis), the noble fir (4. procera), the
red fir (4. magnifica), and the white fir (4. concolor). .

Hemlock

The eastern hemlock (7'suga canadensis), one of the most characteristic
trees (Iig. 41) of the northeastern transition forest, furnishes a cheap
coarse lumber used chiefly for framing timbers, scantling, sheathing, laths,
rafters, and other types of rough construction. Other uses include pulp,
ties, boxes, and plank walks. The wood is coarse grained and splintery,
but is very strong, tough, stiff, and easily worked. The bark has long
been used as a tanning material.

The western hemlocks (7'suga heterophylla and T. Mertensiana) ave
larger trees and furnish a superior wood, which is heavier, stronger,
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stiffer, and more suitable for heavy construction. Other uses are similar
to those of the castern hemlock. Both are rich in tannin.  These trees
are the most important sources of pulpwood in the Northwest.

PR x
F1e. 41. A pure stand of hemlock (Tsuga canadensis) in the Hearts Content area, Pennsyl-
vania. (Pkote by U.S. Forest Service.)

Larch

The eastern larch or tamarack (Lariz laricina) and the western larch
(L. occidentalis) furnish the larch wood of commerce. The former species
is found in the northeastern United States and across Canada, while the
latter, a larger tree, grows chiefly in Montana, Idaho, and Washington.
Larch is one of the heaviest, strongest, and toughest of the softwoods and
finds its chief use in furnishing heavy timbers for general building con-
struction. Because of its durability larch is used for fences, posts, poles,
ties, and paving blocks. The naturally curving lower parts of the trunk
furnish ideal material for boat ‘‘knees,” ribs, and other forms of ship
timber. Larch is also used for planing-mill produects, tanks, and boxes.

Pine
Pine has always been one of the most important of the commercial
woods and today constitutes about one-half of the total lumber supply.
The wood is obtained from several different species, belonging to either
the soft-pine or the hard-pine group. Although 28 species are of some
value, only eight are outstanding. The soft or white pines have a straight-
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grained soft wood of mellow and uniform consistency that is compara-
tively free from resin and easy to work. It is used for rough carpentry
work, cabinetwork, patterns, cooperage, toys, crates, and boxes. The
hard or yellow pines have a resinous, heavy, hard, strong, and durable
wood, which finds its greatest use in buildings, bridges, ships, and other
types of heavy construction. Because of its durability yellow pine is
much used for floors, stairs, planks, and beams.

T1a. 42, A white pine (Pinus Strobus), showing the characteristic habit. (Photo by E. H.
Wilson; courlesy of the Arnold Arboretum.)

White Pines. The northern white pine (Pinus Strobus) (Fig. 42) is
one of the most valuable timber trees of the world. Tt was formerly used
more than any other species, both for domestic consumption and for the
export trade. So much of this wood has been cut that today the white
pine has fallen to sixth place in importance. The tree is found in the
northeastern United States and adjacent Canada, and along the Appa-
lachian Mountains to Georgia. The best stands today are found in
Michigan, Wisconsin, and Minnesota. It is a conspicuous member of
the forest flora in this region, often attaining a height of from 100 to 200
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ft. and a diameter of 3to 9 ft. The wood is very light and easy to work
as it is one of the softest of timbers. It is also very durable. Houses
constructed in colonial days are still in good condition. The sapwood is
white and the heartwood a pinkish brown, with a fine, even grain and
lustrous surface. At the present time white pine is used chiefly for doors,
window sashes, pattern making, cabinetwork, boxes, and matches.
Several other species with a similar wood and uses are classified as white
pine by the lumber trade. These include the western white pine (.

B
A

Fi1c. 43. The bark, leaves, and fruit of the southern yellow or Iongle;\-f pine (Pinus aus-
tralis). (Photo by U.S. Forest Service.)

monticola), the sugar pine (P. Lambertiana) one of the largest and most
valuable timber trees of the West, and the lodgepole pine (P. contorta).
Yellow Pines. These are a much more heterogencous group and,
although often classed together, each species has a distinctive wood.
The southern yellow or longleaf pine (Pinus australis) (Fig. -13) is one of
the two most important timber trees of the United States at the present
time. It is found in the Southeastern states from North Carolina to
Texas. The wood has a fine, smooth, compact grain and is the heaviest,
hardest, strongest, stiffest, and toughest of the softwoods. It is very
durable and capable of bearing great weights. Its chief use, conse-
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quently, is for beams, joists, and other timbers for heavy construction,
and for wharves, bridges, ships, cars, and railroad ties. Some yellow
pine is used for millwork and boxes. The wood is very resinous and the
tree is the chief source of the naval-stores industry to be discussed later.
It is also an important pulpwood. Associated with the yellow pine in
the southern forests, and often classified with it, are the shortleaf pine
(P. echinata), the slash pine (P. caribaea), and the loblolly pine (P. Tacda).

Other important hard pines are the western yellow pine (Pinus pon-
derosa) and the red or Norway pine (P. resinosa) of the Eastern states.

Redwood

The redwood (Sequoia sempervirens), restricted to the Coast Range of
northern California and adjacent Oregon, is one of the largest trees in the

STERL )

- P 2
FiG. 44,  Sequoia gigantea. 'The General Sherman Tree, shown here, is believed to be the
largest and possibly the oldest tree in the world. (Photo by U.S. Forest Service.)

world, reaching a height of from 200 to 300 ft. and a diameter of from 8
to 22 ft. Its only rival is the famous Big Tree of California (S. gigantea)
(IMig. 44) whose dimensions and age, the latter estimated at 3600 years,
are equaled by no other living organism. The wood of the Big Tree is of
little commercial value, so these giants of the forest have been spared
destruction. The redwood, however, has been extensively exploited in
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recent years, and only the strenuous efforts of conservationists and nature
lovers have made possible the setting aside of a few stands, in which this
magnificent species will be protected for all time.

The wood is fine and straight-grained, strong, light, and very soft. The
sapwood is pale in color, while the heartwood is a rich dull red. The
cinnamon-brown bark, which is often 1 ft. in thickness, is very striking.
Redwood does not warp or shrink readily and is very durable, particularly
after seasoning. It is used for general construction purposes, shingles
and siding, tanks, coffins, silos, posts, water pipes, ties, furniture, cabinet-
work, and interior finish. The fibrous bark is used as an insulating and
stuffing material, and it yields a textile fiber for use with wool. The fine
bark dust is a good soil conditioner.

Spruce

The several species of spruce have a light, soft, compact, straight-
grained wood which i stiff, strong, easy to work, and comparatively free
from resin. Spruce has increased in importance as white pine has become
scarce. The chief uses are for pulpwood, light construction, boxes, mill-
work, and cooperage, and as Christmas trees. The wood is resonant and
so 1s much used for sounding boards of pianos and the bodies of violins and
similar instruments. The principal species is the white spruce (Picca
glauca), one of the most, characteristic trees of the great coniferous forest
that stretches from the northeastern United States to Labrador and across
the continent to Alaska. Other eastern species are the red spruce
(P. rubens) and the black spruce (P. mariana), both of which have a more
restricted distribution. - The most important western species is the Sitka
or tideland spruce (P. stfchensis). This large tree, which reaches a height
of from 200 to 300 ft., grows along the coast from Alaska, to northern Cali-
fornia. In addition to the uses already mentioned forspruce, Sitka spruce
is used for boats, oars, and other products that require a light, strong, and
elastic wood. It was formerly used extensively in-airplane construction.
ngelmann spruce (P. Engelmannii), found in the Rocky Mountain and
Cascade Range region from Canada to Arizona and New Mexico, is also of
importance. o N

HARDWOODS

Ash

Ash wood is strong, elastic, tough, hard, stiff, and light in weight. Ttis
light reddish brown in color, easy to split, and hard to nail. It is often
beautifully figured and is capable of a high polish. The characteristics of
ash adapt it to a wide range of uses other than structural. Among the
articles made from ash may be mentioned handles, oars, bats, tennis
rackets, rods, cues, clothespins, toys, barrels, and baskets. It is also used
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for carriages, cars, boats, farm implements, furniture, cooperage, refriger-
ators, and interior finish. The most important speecies is the white ash
(Fraxinus americana), a tree of the eastern deciduous forest. Other
prominent species include the red ash (F. pennsylvanica) and its variety,
the green ash (var. lanceolata); the blue ash (F. quadrangulata); the black
ash (I, nigra)—all castern species; and the Oregon ash (/. oregona) of the
West coast.

Fra. 45, An American beech (Fagus grandifolia) growing in the open in Tennessee. This
tree is 110 ft. high and has a diameter at breast height of 50 in. (Phato by U.S. Forest
Service.)

Basswood

The basswood or linden (7'ilia americana) is a tree primarily of the
eastern deciduous forest. Tt is a large speeies reaching a height of 80 ft.
The wood is light-colored and straight-grained with a smooth uniform
texture. It is the lightest, softest, weakest, and least tough of the more
important hardwoods. However, because of its color, even grain, and
extreme ease of working it is widely used. Its uses include boxes and
crates, millwork, pattern making, woodenware and novelties, furniture,
trunks, Venetian blinds, picture frames, carriage bodies, beehives, ply-
wood, cooperage, pulp, charcoal, and excelsior.
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Beech

The beech (FFagus grandifolia) (Fig. 45) is one of the three most charac-
teristic trees of the northeastern transition forest. The fine-grained
pinkish-brown wood (Fig. 46) is moderately hard, strong, and heavy, and
has a wide range of usefulness. Beech is extensively used for boxes and
crates because it does not impart any taste or odor. Flooring, interior
finish, furniture and fixtures, tool handles, woodenware, laundry appli-
ances, clothespins, wagon stock, shoe lasts, and ties are among the other
products made from beech. The wood is also used for fuel, charcoal, and
wood-distillation purposes.

Birch

Birch wood (Fig. 46) is hard, heavy, strong, and tough, with a fine wavy
grain that is often beautifully figured and capable of a high polish. It is
often stained and finished to imitate cherry or mahogany. The yellow
birch (Betula lutea), which ranges from New England and the Lake States
to Georgia, and the black birch (B. lenta), which has a more restricted dis-
tribution, furnish most of the wood used for-furniture, doors, window

. frames, floors, and other forms of millwork. Other articles made from
birch include: handles, clothespins, shoe pegs and lasts, wheel hubs,
woodenware, boxes and baskets, dowels, yokes, veneers, and spools.

The white or paper birch (Betula papyrifera) is a more northern tree
ranging from the northeastern United States across Canada. The wood,
which is very strong and elastic with a fine uniform texture, is used chiefly
for plywood, spools, toothpicks, boxes, handles, dowels, bobbins, and shoe
lasts and pegs, and in turnery. The bark, which peels off in characteristic
layers, finds a use in the manufacture of canoes and fancy articles of
various kinds. Birch is also a-good wood for fuel and distillation.

Cherry

The wild black cherry (Prunus serotina) is the only one of the several
species of the genus which has a wood of commercial importance. This
tree oceurs in the deciduous forest area from Ontario to Florida and from
the Dakotas to Texas. It is especially abundant in the southern Appa-
lachians. The wood is hard, with a fine, straight, close grain. It varies
in color from a light to a dark red depending on the age, and is often
stained before use. Because of its beautiful grain and color and the ease
with which it ean be worked, cherry is especially desirable for furniture
and interior finish and cabinetwork. At the present time it is but little
used, as *he supply has greatly diminished. Minor uses include the bases
of scientific instruments, printer’s supplies, pattern making, and turnery.
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The bark has medicinal properties, and the ripe-fruits are sometimes used
for flavoring liqueurs.
Chestnut

Until its almost complete destruction by the chestnut-blight disease,
the chestnut (Castanea dentata) was one of the most important timber
trees of the eastern United States. At one time it was a conspicuous
member, in both size and abundance, of the deciduous forests from Maine
to Tennessee, attaining its best development in the southern Appalachi-
ans. The brown, soft, light open-grained wood is very durable and easy
to work. Chestnut is used for millwork, furniture, caskets, musical
instruments, boxes, woodenware, veneers, and plywood cores. Because
of its durability it is an excellent wood for posts, poles, piling, ties, fence
rails, cooperage, and shingles. It is also a source of pulpwood and a

tanning material. )
. Elm

Several species of elm, especially the rock elm (Ulmus Thomasi) and the
familiar, ornamental white elm. (U. americana), yield a valuable wood
with a beautiful grain. The wood of the rock elm is tough, strong, hard,
heavy, elastic, pliable, and durable. Next to hickory it is the most impor-
tant source of hubs, spokes, fellies, and rims of wheels. It is also used for
agricultural implements and tool handles, butcher blocks, veneers, and
cooperage, and in the manufacture of furniture, refrigerators, musical
instruments, baskets, and woodenware. The white elm (Fig. 47).has a
lighter, softer, and weaker wood, which, however, is tough and fibrous and
is used for much the same purposes.

"Hickory

The hickories are found in the eastern deciduous forest area from
Ontario to Minnesota, Florida, and Mexico. Although the wood of all
the species is used to some extent, the most important sources are the
shagbark hickory (Carya ovaia), the mockernut (C. tomentosa), and the
pignut (C. glabra). Hickory is one of the toughest, hardest, heaviest, and
strongest of woods and is used where both strength and the ability to with-
stand shocks are required. It is a coarse straight-grained wood. The
sapwood is preferable to the heartwood. Hickory is used chiefly for
spokes, fellies, axles, and other parts of wagons; also for ax, pick, and
hammer handles; baseball bats; agricultural implements; shafts of golf
clubs; pump rods; and cooperage. It is the standard for fuel wood and for
smoking meat.

Locust

The black locust (Robinia pscudoacacia), another tree of the eastern
deciduous forest region, also yields an exceedingly heavy, strong, hard,
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durable, and elastic wood. Locust has a coarse, open, crooked, compact
grain and a smooth, satiny surface. Its chief use is for insulator pins
and brackets. It is also commonly used for tree nails, boat ribs, fence
posts, ties, sills, wagon hubs, and mine timbers. The wood is of more
importance in England, where it is used for furniture and shipbuilding.

graceful habit  (Reproduced by permission from Foster, Elementary Woodworking, Ginn and
Company.)

The honey locust (Gledilsia triacanthos), with similar properties and uses,
is of minor importance.

Maple

Maple is one of the more important woods. The chief source of the
commercial wood known as hard maple is the rock or sugar maple (Acer
saccharum). This tree, a conspicuous species of the eastern deciduous and
northeastern transition forests, ranges from southeastern Canada to
Georgia. Two other eastern species, the silver maple (. saccharinum)
and the red maple (1. rubrum), and the Oregon maple (A. macrophyllumy),
found in Washington and Oregon, furnish soft maple wood which is of less
importance. Hard maple wood is heavy, tough, compact, strong, and
very hard. It is light brown in color with a dense even grain and fine
texture (IMig. 46). It is susceptible of a fine polish, and is often beautifully
grained and figured, as in the case of curly and bird’s-eye maple.  These
latter characteristics make it one of the best woods for furniture, veneers,
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flooring, bowling alleys, and interior finish. It is also used for violins,
shoe lasts, rulers, tool handles, inlays, panels, keels of vessels, pianos,
violins and other musical instruments, bowls, cooperage, charcoal, fuel,
and wood-distillation products. The sap of the maple furnishes us with
maple syrup and maple sugar.

Oak

Oak is the most important of the hardwoods and stands in fourth place
among all the woods. Not only is the timber important, but the oaks are

Fig. 48. A famous white oak (Quercus alba), the Avery oak in Dedham, Mass. It is
estimated that this tree was full grown in 1636. (Photo by E. H. Wilson; courtesy of the
Arnold Arboretum.) -

the largest and finest of the hardwood trees of the forest. Oak wood is
hard, tough, durable, resilient, and elastic. TIts great strength and ability
to resist heavy strains render it valuable for shipbuilding and all types of
heavy construction. It is also capable of a high polish and is unrivaled
for decorative work, especially in the form of quartered oak. Over fifty
species of oak occur in the United States, some twenty of which are of
commercial importance. These belong either to the white oak, or to the
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red oak group. It is difficult to distinguish between the wood of the
individual species and they are known in the trade as either white, or red,
oak.

White oak lumber is harder, stronger, and more durable. It is used for
bridge and building timbers, piling, ties, parts of machinery, agricultural
implements, furniture, flooring, cabinetwork, interior finish, and cooper-
age. In the latter connection it is of interest to note that oak barrels are
the only satisfactory containers for beer, wine, and alcoholic spirits. The
most important species in this group include the white oak (Quercus alba)
(Fig. 48), the bur oak (Q. macrocarpa), the post oak (Q. stellata), the
chestnut oak (Q. montana), the swamp chestnut oak (Q. Prinus), the
Oregon oak (Q. Garryana), and the swamp white oak (Q. bicolor).

Red oak lumber is softer, more porous, more open-grained, and less
durable. It has practically the same uses, but is less highly esteemed.
The prineipal species include the red oak (Quercus borealis), the black oak
(Q. velutina), the scarlet oak (Q. coccinea), the pin oak (Q. palustris), the
turkey oak (Q. laevis), the willow oak (Q. phellos), the Texas red oak (Q.
texana), and the shingle oak (Q. imbricaria).

The live oak (Quercus virginiana), a quite distinet, evergreen species,
has the hardest, strongest, and toughest wood of all the oaks. It is used
in the construction of wagons, ships, and farm tools. Only a compara-
tively small amount is available.

Osage Orange

The osage orange (Maclura pomifera) is a small tree, native to the
Gulf States, but cultivated elsewhere. Its wood is the heaviest, toughest,
hardest, and most durable of all the native hardwoods. Only a little is -
available and this is used chiefly for fellies, insulator pins, trée nails, posts,
stakes, and woodenware. The Indians used this wood for bows. It is
also the source of a dyestuft.

Poplar

The true poplars of the United States are known commereially under
several different names. The most important tree is the cottonwood
(Populus deltoides) of the Central and Eastern states. It has a soft,
light, even-grained fibrous wood, which is easily worked. Its chief
uses are as a substitute for basswood in the manufacture of boxes and
excelsior, and as a pulpwood. It is also used for millwork, woodenware,
and plywood. The balsam poplar (P. balsamifera), several other large
poplars, and the much smaller aspens (P. tremuloides and P. grandidentata)
have similar uses. Aspen wood is also used in furniture, in cooperage,
and for matches and pulp for making book paper.
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Red Gum

The red gum or sweet gum (Liguidambar Styraciflua) (Fig. 49) has
greatly increased in importance as a commercial wood during the past
few decades. The tree ranges from Connecticut to the mountains of
Central America, attaining its best development in the Southeastern
states. The wood is light and soft, but tough and resilient. It is reddish
brown in color, with a fine, straight, close grain, and it polishes well.

mbar Styraciflua) in the De Soto National Forest,
Mississippi. (Photo by U.S. Forest Service.)

Red gum is often stained to imitate cherry, walnut, or mahogany. It is
extensively used for veneers and also for furniture, cabinetwork, interior
finish, fancy boxes, and cooperage. Red gum wood is known in England
under the name of satin walnut. The tree is the source of storax, a
medicinal produect.

Sycamore

The sycamore (Plafanus occidentalis), with its characteristic bark which
peels off in large patches, is a familiar tree throughout the eastern decidu-
ous forest region. It is the largest hardwood tree in the United States.
The wood is hard, tough, strong, and very durable. It is light reddish
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brown in color with a close uneven grain.  When quartersawed, a mottled
figure with lustrous rays is obtained. This is often marketed as lacewood.
Sycamore is extensively used for
tobacco boxes and other containers as
it does not impart any odor. It is
also used for furniture, millwork,
interior decoration, butcher blocks,
yvokes, boxes, ecrates, woodenware,
cooperage, brushes, and plywood.

Tulip

The tulip tree (Liriodendron Tulipi-
fera) is one of the largest trees (IMig.
50) of the eastern deciduous forest,
reaching a height of from 125 to 250
ft. and a diameter of 6 to 14 ft. The
wood, which is known commercially

-~as yellow poplar or whitewood, is of

great importance. It is soft, light,
and easily worked, with a fine straight
grain. It is also stiff and durable,
Fm’_"50_ An ol d-géo“.vth tulip poplar z}lthou_gh not very strong. .It is used
(Liriodendron ~ Thdipifera) in Virgimia. for millwork, boxes, furniture, car-
(Photo by US. Forest Service.) ringe  bodies, musical  instruments,
woodenware, toys, boats, light construction, and veneers.

R T e S P

Tupelo

Two species are known commercially as tupelo, black gum, or sour
gum. Nyssa sylvatica is found from Maine to Michigan and south to
Florida and Texas, while N. aquatica is restricted to the swamps of the
Southern states. The wood is pale yellow with a dense, fine, twisted,
and interwoven grain. It is soft, light, tough, stiff, and resistant to wear.
Tupelo has increased in importance in recent vears. It is used for floor-
ing, tobacco boxes, wheel hubs, woodenware, veneers, ties, handles,
yokes, pulp, rollers, and piling.

Walnut and Butternut

The black walnut (Juglans nigra) has always been one of the most
valuable native woods. Tt is a large tree (I'ig. 51) of the deciduous forest
region, ranging from Massachusetts to Florida and from Minnesota to
Texas. The wood is moderately hard, tough, and strong and is easily
worked. Itis very durable. The color varies from a rich dark brown to
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a purplish black. The wood has a fine even grain and a good figure and
is capable of taking a high polish. Black walnut has been extensively
exploited and consequently is scarce; it is so high priced that it is even
sold by the pound. A new supply is being assured through cultivation
on farms. Since the seventeenth century it has been the chief wood used
for gun stocks. Other important uses include furniture, cabinetwork,
millwork, musical instruments, airplane propellers, sewing machines, and
veneers. Before it became so valuable the wood was used locally for
fences, barns, and light construction.

v

Fic. 51. A fine specimen of the black walnut (Juglans nigra). (Courtesy of the Massa-
chusetts Horticultural Soctely.)

The butternut (Juglans cinerea), which extends from New Brunswick
to Minnesota and south to Georgia and Arkansas, has a wood of some-
what similar nature and uses. The figure is like that of black walnut, so
it makes a good substitute for the former. The wood, however, lacks the
color aud is not so strong. It is used chiefly for furniture, boxes and
crates, excelsior, millwork, and woodenware. Sugar is sometimes
obtained from the sap of the butternut and a dye from the green husks
that surround the fruit.

Minor Species
While all the other woody plants serve some useful purpose in industry,

or are voluable, at least for fuel, it will be possible to mention only a few
of them.
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Apple (Pyrus Malus). Apple wood, usually obtained from old or-
chards, is very strong, hard, and compact, with a uniform close grain. Tt
is used principally for tool handles, pipes, knobs, mallet heads, rulers,
canes, and turnery.

Red Alder (Alnus rubra). This, the largest of the alders, is of com-
mercial importance in Oregon and Washington west of the Cascade
Range. The wood, which has a fine even grain, uniform texture, and a
reddish-brown color, works and polishes well and gives a good imitation
of mahogany and black walnut. The factories in the states where the
tree is native use red alder more than all other woods combined, chiefly
for furniture, millwork, handles, and novelties.

Blue Beech (Carpinus caroliniana). This small tree of Eastern North
America has a heavy, strong, and very stiff wood. No other wood has
been found which is as suitable for levers. 1t is also used for tool handles
and for charcoal. .
© Buckeye (Aesculus octandra). 'This tree of the Middle West furnishes
a soft, light, easily worked wood used for boxes, excelsior, millwork, piano
keys, furniture, trunks, and artificial limbs.

Cucumber (JMagnolia acuminata). This tree, the largest and most
abundant of the magnolias, is particularly characteristie of the southern
portion of the deciduous forest area. Its soft, light, durable wood is used
for millwork, woodenware, boxes, excelsior, and cheap furniture. It is
often sold as yellow poplar.

Dogwood (Cornus florida). This small tree, found throughout the
eastern United States, reaches its best development in the South. The
wood is very hard and heavy, with a fine, lustrous, close grain.  Dogwood
is used primarily for shuttles for cotton mills, as it is very resistant to
wear. Other uses include mauls, wedges, bobbins, golf-club heads,
engraver’s blocks, and cogs. Only the sapwood is used.

Catalpa (Catalpa speciosa). ‘This small tree, a native of the lower
Ohio valley, is extensively planted throughout the Middle West. The
wood is very durable and is much used for ties and fence posts.

Coffee Tree (Gymnocladus dioica). This species of the eastern decidu-
ous forest has a strong and durable wood used for furniture, interior
finish, sills, bridges, posts, ties, and fuel.

Hackberry (Celiis occidentalis). This eastern tree has a tough, strong,
heavy, and moderately hard wood, used chiefly in millwork and for boxes,
woodenware, vehicles, furniture, and cooperage.

Holly (Zlex opaca). This characteristic tree of the Southern coastal
states and the lower Mississippi and Ohio valleys is best known by its
leaves and fruit, which are almost universally used for Christmas decora-
tions. The tough, close-grained, whitish wood is used for inlays, brushes,
woodenware, and fancy articles, and is often stained to imitate ebony.
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Hornbeam (Osirya virginzana). The wood of the hornbeam, which
occurs in Iastern North America, is one of the hardest, toughest, and
strongest known, but is available only in small amounts. It is used for
handles, carriage parts, levers, and fence posts.

Persimmon (Diospyros virgintana). The sapwood of this southeastern
species is very heavy, tough, hard, strong, elastic, and resistant to wear.
It is used chiefly for shuttles, and also for boot and shoe findings, for
golf-club heads and other sporting goods, and in turnery.

Sassafras (Sassafras albidum). This small tree of the eastern United

States is especially abundant in the Southern and Gulf States. Small
amounts of the fragrant, durable, soft, and light wood are available.
It is used for millwork, furniture, cooperage, fence rails and posts, and
boxes. : :
Willow (Saliz nigra). This is the only one of the numerous willows
which is of commercial importance. It reaches its best development on
the flood plains in the Mississippi and Ohio valleys. The smooth wood
is soft, light, tough, and fairly strong. It is used for boxes and crates,
plywood cores, excelsior, bats, boats, water wheels, and charcoal. The
long, slender, pliable young shoots are used for wicker baskets and
furniture. i

FORESTS OF SOUTH AMERICA

The forests of South America cover 44 per cent of the land area. " They
consist principally of tropical hardwoods (89.3 per cent), with some
temperate hardwoods (5.5 per cent) and conifers (5.2 per cent). Two
types of tropical hardwoods occur. The most abundant is the dense
humid rain forest which characterizes the Guianas and the great Amazon
and Orinoco River basins and which also occurs along the eastern coast of
Brazil. This forest is noteworthy for the great number of species and
for the size and frequency of the individual trees. It is estimated that
there are over 2500 different tree species in the Amazon forest alone.
This forest, which is often said to be the most extensive body of solid
forest in the world, has but little vegetation on the forest floor, owing to
the density of the canopy. Ipiphytes and lianas, however, are frequent
and characteristic. In drier parts of Brazil and Argentina an open
deciduous type of tropical forest occurs. Mixed forests of conifers.and
temperate hardwoods occur along the northern Andes, and again in the
southern Cordilleras. Conifer forests, consisting chiefly of Parand pine
(Araucaria angustifolia) cover large areas in southern Brazil and Argen-
tina, while similar areas, with A. araucana the dominant species, oceur in
Chile. In Paraguay and Argentina there are extensive areas of open
forests composed chiefly of quebracho (Schinopsis Lorentzii and S.
Balansae), the most important source of tanwood.
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Important Woods of Tropical America

The tropical forests of Mexico, Central America, the West Indies, and
South America have long been utilized as the source of most of the high-
grade cabinet and furniture woods of commerce, and to some extent for
timber for general construction. However, these forests have been but
little exploited as a source of ordinary lumber up to the present time, and
they constitute a vast reservoir for future needs. The number of avail-
able species is enormous. Brazil alone is said to have over 3000 woody
species, including some 50 of the most valuable cabinet woods. DBecause
of their importance in the United States, a few of these tropical woods
will be discussed.

Fra. 52.
Record.)

Balsa (Ochroma pyramidale). This soft and pithy wood is the lightest
of commercial timbers, weighing only 10 lb. per cu. ft. The tree is a
native of tropical forests from southern Mexico to northern Peru. Ecua-
dor furnishes 99 per cent of the world’s supply (Fig. 52). Balsa is
obtained chiefly from wild trees, although there are some plantations. It
grows faster than any other jungle tree save the papaya and reaches ¢
height of 12 ft. within a year. It can be cut when only tWo years of age,
but usually trees six to nine years old are selected.

Because of its light weight and its buoyancy, due to the presence of air
in the cell cavities, it is used for life preservers, buoys, swimming belts,
rafts, floats, pontoons, sea sleds, surfboards, toys, and motion-picture sets
and in airplane construction. Balsa possesses good insulating properties
and is used to line refrigerators, autotruck bodies, and the holds of ships.
It is also a sound deadener and so is utilized for ceilings and partitions and
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under heavy machinery to prevent the transmission of vibrations. The
seed hairs are used as a stufling material.

Boxwood. The Venezuelan boxwood or zapatero (Gossypiospermum
praccox) is much used as a substitute for the European boxwood in the
manufacture of engraver’s blocks, rulers and other scientific instruments,
shuttles, spools, bobbins, musical instruments, inlays, and veneers. The
supply comes chiefly from Venezuela.

o

F16. 53. A Spanish cedar (Cedrela odorata) in woodlands near Cienfuegos, Cuba. (Photo
by Walter H. Hodge.)

Cedar. The Spanish or cigar-box cedar (Cedrela odorata) (Fig. 53) is
widely distributed throughout tropical America, both as a native and as
an introduced species. It is the most important timber tree for domestic
use in tropical America. It has a reddish-brown aromatic heartwood
with a straight coarse grain. In the United States the wood is used
chiefly for cigar boxes, as it is insect repellent. It is also used for closets,
chests, shingles, and as a substitute for mahogany.

Cocus Wood. This wood (Brya Ebenus), also' known as American
ebony or granadillo, is used for knife handles, musical instruments, princi-
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pally flutes and clarinets, turnery, inlays, and cabinetwork. The wood is
very hard and durable and polishes well. It comes chiefly from the West
Indies.

Cocobolo.  Cocobolo, obtained from Dalbergia retusa, a tree found from
Mexico to Panama, is one of the showiest and most strikingly colored of
the exotic woods. The heartwood is orange to orange-red in color,
streaked with jet black. The wood
is very hard, tough, and strong. It
is used for instruments, knife and
umbrella handles, steering wheels,
inlays, lacquer, and turnery.

Crabwood. The crabwood (Carapa
gutanensts) attains its best develop-
ment in the Guianas, although it
occurs in other parts of South America
and in the West Indies. The very
strong and hard rich-brown wood is
used as a substitute for mahogany.

Greenheart. The greenheart (Oco-
tea Rodioer), a native of British Guiana
(Fig. 54), furnishes structural timbers
of great value. The wood is one of
the strongest, and is very hard, heavy,
tough, resistant to decay and insect
injury, and elastic; it is much used,

TFia. 54. Féll-ing a greenheart tree . . .
(Ocotea  Rodioci) in British Guiana. particularly in Europe, for bridges,

(Photo by C. D. Mdll; courtesy of S. J. piIeS, wharves, pﬂ.\'illg blOCkS, and

Record. ; idi i
ccord.) shipbuilding. Other uses include

shafts, spokes, and fishing rods. The wood receives its name from its
peculiar greenish-brown color.

Lancewood. Two West Indian species, the lancewood (Ozandra
lanceolata) and the degame or lemonwood (Calycophyllum candidissimum),
furnish the lancewood of commerce. This wood is yellowish, with a fine
close grain, and is very tough, strong, and elastic. It is used for fish poles,
spars, shafts, ramrods, whips, cues, bows, lances, and turnery.

Letterwood. The letterwood or snakewood (Piratinera guianensis) of
British Guiana yields a very heavy ornamental wood. It is brown in
color with peculiar black markings (Fig. 27) and a close, fine, lustrous
grain. It is used for canes, umbrellas, drumsticks, violin bows, veneers,
and inlays.

Lignum Vitae. This important wood (Fig. 53) is obtained chiefly
. from two species, Guaiacum officinale and @. sanctum, found in southern
Mexico, Central America, and the West Indies. Lignum vitac is one of
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the hardest of the commercial woods and is naturally very tough, strong,
and resistant. It is dark brown, streaked with black, with a very fine,
intricately woven grain and contains a resin which acts as a natural
lubricant and preservative. The most important use is for the bearings
or bushing blocks for steamship propeller shafts. Other uses include
bowling balls and other sporting goods, pulley blocks and conveyors,
instruments, and furniture. The wood was once thought to possess
extraordinary remedial powers for many of man’s worst diseases; hence
the name lignum vitae, or wood of life. The gum resin, guaiacum, used
in medicine, occurs in the form of tears exereted from the living tree.
Locust. The West Indian locust (Hymenaea Courbaril) is one of the
most important timber trees of tropical America. The hard tough wood

Fi1c. 55. Shipping logs of lignum vitae (Guatacum officinale) in Haiti. (Photo by C. D.
Mell; courtesy of S. J. Record.)

is used for general carpentry work, furniture, shipbuilding, and cabinet-
work. This tree is the source of South American copal.

Mahogany. Mahogany is the most important export wood in tropieal
America and is the source of the world’s most valuable timber and premier
cabinet wood. It was used for woodwork as early as a.p. 1514. The
cathedral of Santo Domingo, built in 1550, contains some beautiful
mahogany carvings still in excellent condition. The early Spanish
explorers utilized the timber for shipbuilding, and it was used for building
construction in England as early as 1680. Its use as a furniture whod
dates from the beginning of the eighteenth century, with the years 1750
to 1825 marking the golden age of the great master craftsmen, Chippen-
dale, Adam, Hepplewhite, and Sheraton.

There ore three species of mahogany, only two of which are of com-
mercial importance. Swiclenia Mahogani, the West Indian or Spanish
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mahogany (I'ig. 506), found in the Ilorida Keys and the West Indies, was
the first known and the first to be exploited. It has been introduced into
Central America.and other tropical countries. Swictenia macrophylla
occurs from Yuecatan to northeastern Colombia and Venezueia and along
most of the southern affluents of the Amazon in Brazil, Peru, and Bolivia.
Although several other species have been segregated, for practical pur-
poses all the native mahogany cut in North and South America may be
considered as belonging to this species.

I't. 56. A large mahogany tree (Swictenia Mahogant) in a tropical jungle in British
Honduras. (Photo by U.S. Forest Service.)

The mahogany is an ornamental evergreen trec reaching a height of 40
to 50 ft. with large buttresses at the base. The trees oceur scattered
through rich moist forests about one to the acre. The wood is reddish
brown in color with a crooked grain. It is very heavy, strong, hard
enough to resist indentations, yet easy to work, and it polishes and glues
well. It is used for furniture, fixtures, musical instruments, millwork,
cars, ships and boats, caskets, airplanes, foundry patterns, veneers, and
plywood. Mahogany has many substitutes and imitations. There is a
sufficient supply of wild trees to lasi for many years if economically used.
Plantations are also proving successful, especially in Honduras.
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Majagua. The majagua or blue mahoe (Hibiscus clatus) of the West
Indies has already been referred to as the source of Cuba bast.  The hard
and slightly aromatic wood has a lustrous, richly variegated, open grain.
It is used for cabmetwmk cam.x;,es, gun stocks, fishing rods, and ship’s
knees. :

Mora. The mora (Mora excelsa), of British Guiana, Venezuela, and
Trinidad yields a brown wood, which is very hard, tough, and even more
durable than teak. It has been used chiefly in Europe for shipbuilding,
platforms, ties, and all types of heavy construction.

Prima Vera . This cream-colored wood, sometimes called white
mahogany, is obtained from Cybistax ])onncll Somthu of southern Mexico,
northern Honduras, Salvadm, and Guatem‘mla "1t is used for furniture
and fixtures, millwork, ships, boats, -cars, and veneers.. The tree is very
ornamental w1th a w calth of yello“ ﬂo“ ers appearing before the leaves.

Purpleheart Peltogyne panzculala, :the .purpleheart of . Brazil, the
Guianas, and- Trinidad, has a very hard; tough, strong, durable blown
wood, which turns a purple color on’ expos_ure.' It is used for heavy con-
struction, furniture, billiard tables, cues, fishing rods, inlays, and turnery.

Rosewood. Of several different rosewoods, the Brazilian rosewood
(Dalbergia nigra) is the best known.. The dark purple, almost black,
wood is often striped and has a coarse, dense, even grain. TRosewood is
one, of the finest cabmet woods and is also used for scientific instruments,
fulmtme pianos, c¢ars, sporting and: athletic goods, handles and brushes.

Satinwood. 'The West Indian satinwood (Zanthoxylum flavum) has
long been a favorite furniture wood. It was especially esteemed in
England by such. builders as Shemton, Adam, and Hepplewhite. The
creamy or golden-yello“ wood-is smooth and lustrous and slightly oily.
It has a very close, deinise, even, grain. “Other uses include millwork,
musical mstruments, caskets bmshes cabmet\\ork 1111ays and veneers,

" FORESTS OF EUROPE

In Europeforests occupy about 31.3 percent of the landarea. Seventy-
four per cent of these forests are classed as coniferous, 24 per cent as tem-
perate hardwoods, and 1.6 per cent as mixed forests. The coniferous
woodlands are especially characteristic of the northern portion of the
continent, while the hardwood and mixed forests are found in Southern
and Western Europe. The original forest cover of Europe has been
severely depleted as the result of long utilization and the necessity of clear-
ing the land for aariculture and other purposes. In Great Britain only 5
per cex%t of the criginal forest is left, and in France, Spain, Belgium, Italy,
and Greece from 10 to 20 per cent. Sweden and Finland still have over
half their forests available and, together with the U.S.S.R., are the mosi.
heavily forested regions in Kurope.
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The most striking feature of the ISuropean forests to an American is the
presence of the saume genera that are found in the New World, although
these are usually represented by different species. The principal conifers
are the Scotch pine (Pinus sylvestris) and Norway spruce (Picea Abies),
which furnish the woods known as yellow deal and white deal respectively.
Other conifers include the cluster pine (Pinus Pinaster), the stone pine
(P. Pinea), the silver fir (Abies alba), larch (Larix decidua), and yew
(Taxus baccata). The American white pine and Douglas fir are exten-
sively planted.

The most important hardwoods are the oaks, chief among which are
Quercus Cerris, Q. Robur, and Q. petraea. Other prominent hardwoods
include the black alder (Alnus glutinosa), ash (Fravinus exeelsior), beech
(Fagus sylvatica), birches (Betula pendula and B. pubescens), cherry
(Prunus Cerasus), chestnut (Castanea sativa), elm (Ulmus procera), hazel
(Corylus Avellana), holly (Ilex Aquifolium), hornbeam (Carpinus Belulus),
lime (Tilia cordata), maple (Acer pscudoplatanus), plane (Platanus
orientalis), rowan (Sorbus Aucuparia), blackthornor sloe (Prunusspinosa),
and willow (Salixz alba).

A few European species are imported into the United States. These
include the boxwood, walnut, briar, and olive.

The so-called Turkish boxwood (Buxus sempervirens), of Southern
Ilurope, Asia Minor, and Northern Africa, has been used for so many
centuries that the supply has almost disappeared. The wood is very
hard, with a fine, dense, uniform grain, and a smooth, somewhat lustrous
texture. It is used for blocks for wood engraving, rulers and other
instruments, shuttles, bobbins, firearms, whips, canes, umbrellas, inlays,
and turnery. .

The English walnut (Juglans regia), known commercially as the Cir-
cassian walnut, occurs from the Black Sea region across Asia Minor and
Persia to northern India. 1ts hard wood is beautifully figured and takes
a high polish. Material obtained from burls is especially desirable. It
is used for furniture and fixtures, millwork, musical instruments, fire-

_arms, cabinetwork, turnery, and veneers.

Olive wood from Olea curopaca is imported for brushes, canes, and

turnery; and briar root (£rica arborea) for tobacco pipes.

FORESTS OF ASIA

In Asia forests cover 21.6 per cent of the land area. They are espe-
cially abundant in the northern and eastern parts of the continent and
very sparse in the southwest. s in other localities, much of the original
forest area has been destroyed. This is especially true of China, where
centuries of cultivation have not only destroyed the forests, but much
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of the arable land as well, as a result of too extensive cultivation and
subsequent erosion.

Conifers comprise 42.4 per cent of the forest area. They are charac-
teristic of most of Siberia and also occur in the Himalayas and the
mountains of Asia Minor, China, and Japan. Temperate hardwoods
make up 27.3 per cent of the forests. These hardwoods, and mixed
forests as well, are found in the southern provinces of the U.S.8.R.,
Afghanistan, Iran, Asia Minor, China, and Japan. In the case of both
the conifers and the temperate hardwoods, European species are found
in the western part of the continent, giving way to more distinctive
Asiatie species of the same genera in the east. Pine, spruce, fir, juniper,
cedar, maple, ash, basswood, poplar, alder, birch, walnut, oak, larch, and
yew are all represented. The United States imports some oak from
Siberia, and maple from Japan.

Tropical hardwoods make up 30.3 per cent of the total forest area,
and are found south of the Himalayas. In many countries they com-
prise 100 per cent of the woody species. This is true of Ceylon, Thailand,
the East Indies, and Malaya. As in other tropical forests elsewhere, the
number of species is very great. India is estimated to have 2000 and
Japan 1000 different species. Many of these Asiatic forests are domi-
nated by teak, while others are composed chiefly of members of the
Diplerocarpaceae and Leguminosae. Seventy-five per cent of the Philip-
piné forest trees belong to the former family. A considerable number of
these Asiatic woods enter into foreign trade, and a few are imported into
the United States. These include ebony, padouk, satinwood, and teak.

Ebony. Several species furnish a wood known as ebony, the most
important of which is the Macassar ebony (Diospyros Ebenum), which is
found from India and Ceylon to the East Indies. Ebony is a black wood
with brown stripes. It is very hard and heavy, and has a fine grain. It
takes a high polish and has long been a famous cabinet wood. Other
uses include whips, canes, umbrellas, piano-keys, sporting and athletic
goods, handles, inlays, veneers, and turnery.

Padouk. This wood, also known as Burmese rosewood, obtained from
Pterocarpus indicus, is very ornamental. It is red in color with black
stripes and is very lustrous. It is hard and durable and polishes well.
Padouk is used for furniture, fine cabinetwork, millwork, ear construction,
turnery, and veneers. It has been introduced into Honduras.

Satinwood. The East Indian satinwood (Chloroxylon Swictenia) has
an extremely hard yellowish or dark-brown heartwood, which is some-
times mottled. It has a satiny luster and a fine, dense, even grain.
Satinwood is used for furniture, cabinetwork, veneers, and brushes.

Teak. Teak (Tecfona grandis) (Fig. 57), native to Southeastern Asia
and Malaya, is one of the most durable of woods and one of the most
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important commercial timbers of the tropies. It is hard and does not
warp, split, or crack, and so makes a valuable timber for general con-
struction. It is also very resistant to decay and termites. The wood is
yellowish brown in color and greasy to the touch. It is extensively used
in ship and boat building, and for furniture, cabinetwork, millwork, piles,
railway cars, flooring, and greenhouses. Introduced experimentally into
Panama and Honduras, teak has shown phenomenal growth, in one
instance attaining a height of 64 ft. and a diameter of 18 in. in 16 years.

Other important woods of tropical Asia include the acle or pyinkado
(Xylia xylocarpa), deodar (Cedrus deodara), sal (Shorea robusta), and
sissoo (Dalbergia Stssoo), all used for general construction, and the fol-

: ‘ L e TR
Frc. 57. Logs of teak (Tectona grandis) in Burma. Elephants are often used in the lum-
bering operations. (Photo by U.S. Forest Serrvice.)

lowing cabinet woods: Moulmein cedar (Cedrela Toond), laurelwood
(Calophyllum inophyllum), rosewood (Dalbergia latifolic), and sandal-
wood (Santalum album).

FORESTS OF AFRICA

In Africa forests cover only 10.7 per cent of the land area. Tropical
hardwoods predominate, comprising 96.9 per cent of the forests, with
temperate hardwoods accounting for 2.2 per cent, and conifers only
0.9 per cent. Conifers are restricted to the Mediterranean region, the
high mountains of Central and Eastern Africa, and South Africa. Two
types of tropical forest occur. The most extensive is the-dense rain forest
which covers much of equatorial Africa, particularly the West African
coast and the Congo basin. This region has a uniformly distributed
rainfall amounting to 60 to 160 in. Important elements of this forest
are the mangrove swamps along the coast. An open parklike forest
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oceurs in regions where the rainfall amounts to 30 to 40 in. Large areas
of this type of forest occur in the northeastern and southern parts of
Africa, particularly in Angola and Rhodesia. There are many important
woods that resemble the better known woods of tropical America and
Asia, but they have been but little exploited as yet. The United States
imports only one wood, the African mahogany (Khaya sencgalensis), a
West Coast species. This is a beautifully figured and richly colored
wood, which is much used as a substitute for true mahogany.

FORESTS OF AUSTRALIA AND OCEANIA

Forests cover only 5.8 per cent of the land area in Australia, while in
New Zealand 25.7 per cent of the land is forested, and in Oceania 71 per
cent. The most heavily forested regions are \e\\ Gumea awith 80 per
cent, Samoa with 70 per cent, and Tasmann with 64.7 7 per cent. In
Austlaha 4 per cent of the forests are comfel ous, 11 per.cent are temperate
hardwoods, and the remainder are tropical hald\\ oods.” Conifers occur
in New South Wales, Queensland, and Tasmania, {md tempemte hard-
woods only in Tasmania. Tropical hardwoods oceur in all the states
except Tasmania. “These forests rival those of Pacific North America
in size and density. The species are different from those found in other
parts of the world. Most of them are either eucalypts or acacias. There
are over 70 commercial species of Eucalypius, the most important of
which are the karri (E. dnerswolor) and jarrah (E. marginata) of Western
Australia. The former reaches a height of 300 ft., with a clear length
of 180 ft. ~Other valuable trees are the blackwood (Acacia melanoxylon)
and silky oak (Grevillea . robusta) The principal coniferous spécies is
Araucaria Cunninghamii. ’ ' '

In New Zealand 68 per cent of the forests are coniferous and the
remainder temperate hardwoods. The chief species is the huge kauri
pine (Agathis ausiralis), one of the largest timber-producing trees in the
world. The wood is strong and durable and very free from knots It is
exported in large quantities. Iauri is also the source of an important
resin. Other valuable species include the white pine (Podocarpus
dacrydioides), totara (Podocarpus Totara), red pine (Dacrydium cupres-
stnum), and several beeches.

The forests of Oceania are entirely composed of tropical hardwoods,
and none of them are of importance, except locally.



CHAPTER V
TANNING AND DYE MATERIALS

TANNINS

Tannins are organic compounds, chiefly glucosidal in nature, which
have an acid reaction and are very astringent. Their biological function
is problematical. They may be concerned with the formation of cork or
pigments, or with the protection of the plant. Tannins are of interest
economically because of their ability to unite with certain types of pro-
teins, such as those in animal skins, to form a strong, flexible, resistant,
insoluble substance known as leather. Because of this property of
“tanning” hides, tannin-containing materials are in great demand.
Tannins also react with salts of iron to form dark-blue or greenish-black
compounds, the basis of our common inks. Because of their astringent
nature they are useful in medicine. Tanning materials are often utilized
in oil drilling to reduce the viscosity of the drill without reducing the
specific gravity. . ,

Although nearly all plants contain some tannin, only a few species have
a sufficient amount to be of commercial importance. Tannins are found
in the cell sap (Fig. 3) or in other definite areas in bark, wood, leaves,
roots, fruits, and galls. In most cases these structures are of little value
otherwise, so the extraction of tannin is usually incidental to other
industries.

Tue TaNNING INDUSTRY

Tanning is a very old industry, dating back possibly 5000 years. The
Chinese tanned leather over 3000 years ago. The Romans used oak bark
for tanning skins. In more recent times the American Indians utilized
several native plants in curing their buffalo hides. The first tannery in
the United States was established in Virginia in 1630. Twenty years
later there were over 50 in New England alone. The industry developed
in this region because it was here that the chief raw material, hemlock
bark, was most abundant and cheapest. By 1816 the business was worth
over $200,000,000, and Boston had become one of the chief leather
markets of the world. Fifty years later the industry began to shift
westward and southward, as the hemlock beeame scarce, and many tan-
neries were established in Pennsylvania. Here oak was used extensively.
Still later other tanneries sprang up in the Southern states, using chestnut
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as a raw material.  As the native species became scarce, other sources
began to be utilized, including western trees, and foreign products as
well. The development in recent years of concentrated extracts with a
high tannin content has greatly increased the number of available sources.
At first each company made its own supply, but now extracts can be
imported, and many foreign species have been developed as raw materials
of first importance. The world’s supply of tanning materials is very
abundant and much of it is as yet untouched. The United States uses
about one-half of the world’s tannin output, but supplies only a small
part, chiefly hemlock, oak, chestnut, sumac, and canaigre.

SoURrRCES OF TANNING MATERIALS

Nearly all the sources of tannin occur in the wild state, very few being
cultivated. The more important raw materials will be discussed accord-
ing to their morphological origin. '

Barks

Hemlock. From the earliest time the hemlock (T'suga canadcnsi@ has
been the chief domestic source of tannin in the United States. Its con-
tinued utilization for this purpose has contributed greatly to the gradual
elimination of this species as an important member of our forests. Waste-
ful methods were employed, and often the trees were felled and allowed to
rot-after the bark was removed. Hemlock bark (Fig. 58) contains 8 to
14 per cent tannin. It is used for sheepskins and for sole and other heavy
leathers, either alone or in combination with oak. Extracts are now
available with a tannin content as high as 28 to 30 per cent. ' In-recent
years attention has been directed to the western hemlock (7. heterophylla),
which seems destined to be one of the chief native sources of the future.

Oak. Oak bark has been used extensively as a source of tannin, and
several species are available. The most important American species is
the chestnut oak (Quercus montana). This tree is very abundant in the
Appalachian region and many tanneries have been established there.
The tannin content is 6 to 11 per cent. The extract, with a 26 to 30 per
cent content, is widely used for heavy leathers. The black oak (Q.
velutina), with about the same amount of tannin, yields the extract quer-
citron. This is much used although it dyes the leather a curious yellow.
The California tanbark oak (Lithocarpus densiflora) has been utilized
since 1850. This species has a yield of tannin up to 29 per cent and is of
increasing importance. Red oak (Q. borealis) and white oak (Q. alba) are
used somewhat, but they contain only a small amount of tannin. Euro-
pean species of oak are much used in England and on the Continent.

Mangrove. Mangrove bark has become very important in recent
years both in this country and abroad. It gives great promise for the
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and heavy, and contains 22 to 33 per cent tannin. The leaves may also
be used. The extract is the cheapest of the tanning materials. It is
rarely used alone as it gives a bad color to the leather.

Wattle. Wattle bark is an important source of tannin. It is used
chiefly in Great Britain, but is of steadily inereasing prominence in this
country. It is the product of several species of acacias, chiefly Acacia
decurrens and its varieties dealbata and mollis, and 4. pycnantha. These
small trees are natives of Australia, but are now cultivated extensively in
South Africa, Fast Africa, Ceylon, Brazil, and elsewhere. The bark,
which may have a tannin content as high as 40 to 50 per cent, is removed
from the trees when they are from five to fifteen years of age. It is
dried and ground to a powder.. An extract is also available. Wattle
bark yields a solid, very firm, faintly. pink leather, much used for soles.
Experiments have shown that wattle trees thrive in. California, and a
profitable domestic industry may weli be established there. Wattle wood
is a good pulpwood and can be used for mine timbers, posts, and crossties.
A gum is also produced.

Other Barks. Many other barks have been used as a source of tannin,
but the content is too low for them to be of much commercial value. In
Europe the larch (Lariz decidua), Novway spruce (Picea -Abies), and
several birches and willows are used. - Birch bark is much favored in the
U.S.S.R., and the fragrance of Russia leather is due to the presence of an
essential oil in the. bark. Willow bark. furnishes alight-colored, soft,
pliable leather much used for gloves. Several tropical barks are of minor
importance. Mallet bark, obtained from Eucalyptus . occidentalis of
Western Australia, has a tannin content of 35 to 30 per cent. - The
demand for this bark in the past has been so great that it has led to the
depletion of the supply and now only a little is available. Avaram bark,
from Cassia awriculata, is the most important tanbark of India. The
babul (Acacia nilotica), another Indian species, has tannin-containing
bark, and pods as well, both of which are exported to Europe for making
extracts. Tanekaha bark from Phyllocladus trichomanoides, a New
Zealand tree, is used for glove leather as it contains an orange-yellow
dye in addition to the tannin.

Woods

Chestnut. The wood of the chestnut (Castanea dentata) was made
available when the extracting process was developed. The tannin is
extracted at high temperatures from chips of wood. The resulting solu-
tion is cleared, filtered, and evaporated, and eventually has a content of
30 to 40 per cent tannin. Chestnut is used for all heavy leathers. It
constitutes about half of the native tanning materials, In Europe the
wood of C. saiiva is utilized,
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Quebracho. Quebracho wood is the world’s. most important source of
tannin at the present time. It constitutes over 65 per cent of the tanning
materials imported by the United States, and 30 per cent of the amount
used. Quebracho is the heartwood of two large South American trees,
Schinopsis Lorentzii (Fig. 60) and S. Balansae. The word “quebracho”
means ‘“ax breaker.”” The wood is one of the hardest known, with a
specific gravity of 1.30 to 1.40. It was originally used for railroad ties.
The first shipment of tannin was made in 1897. Argentina and Paraguay
are the chief centers of the industry. Formerly the bark and sapwood

s BFem i ginat ;
Fic. 60. A quebracho tree (Schinopstis Lorentzit) in Argentina. The wood of this species
is the most important source of tanning materials.” (Photo by U.S. Forest Service.)

were removed and then the logs were hauled out, a very laborious process.
At the present time, instead of shipping the logs, extracts are made in
factories located close to the source of supply. The logs are chipped and
cooked with steam in copper extractors until the liquor is very con-
centrated, with a tannin content of 40 to 60 per cent. Quebracho is one
of the quickest acting tans. Tt is used either alone or in combination for
all kinds of leather, especially sole leather to which it imparts extra
durable qualities. . '
Leaves

Sumac. In the United States the dried leaves of three native sumacs,
Rhus glabra, R. typhina, and R. copallina, are an important source of
tannin. The leaves are picked in the fall when they begin to turn red,
and are dried and ground into a powder. The tannin content is higher,
amounting to 10 to 25 per eent, in plants growing in the Southern states.
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Sicilian Sumac. = The Sicilian sumac (Rhus coriaria) is of even greater
importance and is extensively used both in the United States and abroad.
The leaves have a tannin content of 20 to 35 per cent. It yields a leather
of a pale color and soft texture, the best for gloves and bookbinding.
Sicilian sumac is one of the few tanning plants to be cultivated. Most of
the supply comes from Sicily and southern Italy.

Gambier. Gambier or white cutch is a resinous substance extracted
from the leaves and young branches of Uncaria Gambir, a elimbing shrub
of the Malay Peninsula and Indonesia. Under cultivation the plant
becomes shrubby. The trees are cropped four times a year and the
tannin is extracted from the tissues with boiling water. It crystallizes
out as a semisolid whitish substance. A considerable amount of gambier
is exported to Europe and the United States, usually in the form of small
cubes or larger blocks (Fig. 62). - It has a tannin content of 35 to 40 per
cent and is used for all kinds of léather. Gambier is also used as a dye-
stuff, as a masticatory, and in medicine.

Fruits

Mpyrobalan. Myrobalan nuts are the unripe fruits of two species of
Indian trees, T'erminalia chebula and 7. Bellerica. These trees have long

Frc. 61. Muyrebalan nuts, the unripe fruits of Terminalia chebula and a related species,
are imported from India for use as a tanning material. (Phato by S. J. Record.)
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been grown in India for both the fruits and the timber. The nuts (Fig.
61) have a tannin content of 30 to 40 per cent. When used alone they
yield a spongy leather of a llght-yellow color, but in combination they are

Fic. 62. Three important sources of
tannin. Abore, cubes of gambier or white
cutch obtained from Uncaria Gambir;
center, divi-divi pods, the fruit of Caesal-
pinta coriaria; below, Aleppo or nut galls
from Quercus infectoria. (Photos by S. J.
Record.)

more satisfactory. They are used
with calf, goat, and sheep skins, and
for sole and harness leather.

Divi-divi. This material is ob-
tained from the dried twisted seed
pods (Fig. 62) of Caesalpinia cori-
aria, a small leguminous tree of the
West Indies and South America.
The product is very cheap and has
a high tannin content, 40 to 50 per
cent.. In spite of this, only a small
amount is used in the United States,
although it is very popular in Europe.

Tara. Caesalpinia spinosa, a
stocky shrub or small tree widely
distributed in tropical America, has
fruits which are very rich in tannin,
43 to 51 per cent. Tara is culti-
vated in Peru and also in North
Africa. It is used for tanning high-
grade leather, as it affects the color
only slightly; in making ink; and for
a black dye.

Algarobilla. This Chilean species
(Caesalpinia brevifolia) also has pods
with a high tannin content. It is
generally used in combination with
materials of a lower tannin concen-
tration.

Valonia. The sun-dried acorn
cups of the Turkish oak (Quercus
macrolepis), a tree of Asia Minor
and the Greek archipelago, furnish
valonia. This material, which has

a tannin content of 45 per cent, is used for the finer grades of leather,

almost always in combination.

Roots

Canaigre. Canaigre is an American tanning material obtained from
" the tanner’s dock (Rumex hymenosepalus), a species native to the southern
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United States and Mexico. The plant is extensively cultivated. The
roots are sliced and the tannin is extracted. Canaigre extract, with a
tannin content of about 30 per cent, yields a bright-orange, firm, heavy
leather.

Palmetto. The roots of the palmetto (Sabal Palmetto) have been used
to a slight extent as a source of tannin, but the content is too low, 10 per
cent, to be of much value.

Tur MANUFACTURE OF INK

Writing inks have been in use from the earliest recorded time. ~The
Egyptians used ink on their papyrus as early as 2500 B.c., and the oldest
Chinese writings go back at least to 2600 B.c. At first a carbon ink was
used, a combination of charcoal, gums, and varnish. = The charcoal was
obtained from plant sources, such as charred date stones, or was of ammql
origin. :
There are several types of modern inks, the most 1mp01tant bemg the
carbon and the tannin inks.

Carbon inks differ from all the others in ‘that they are: pamthke and
remain on the surface of the paper whereas the rest are dyelike and soak
into the paper where they combine chemically with the fibers.. Chinese
or India ink, a virtually permanent ink, is.made from the carbon black,
lampblack, or soot obtained by burning pine wood or a vegetable oil such
as fung or sesame, mixed with glue, gum arabic, or some similar sizing
material. Printing ink contains carbon obtained from natural gas,
petroleum, or other materials, in combination with rosin, a d1y1ng oil
(usually linseed), some chemlcal drier, and often soap. DR

Tannin inks, which utilize the property that tannin has of combmlng
with iron salts to give a blue-black color, are the most important kind at
the present time. Most of them are gallotannate in nature, the tannin
being derived from insect galls which also contain gallic acid. - Tannin
inks were first described in the eleventh century. Aleppo or nut galls
(Fig. 62) have from the outset been the chief source of the tannin. These
galls are formed on the twigs of the Aleppo oak (Quercus infectoria), as a
response to the injuries caused by the egg-laying activities of an insect.
The plant is a small shrub, 5 or 6 ft. in height, found throughout the
Mediterranean region. The small spherical or pear-shaped galls are
produced in great abundance and have an exceedingly high tannin con-
tent. In making ink, either the galls or an extract made from them are
combined with ferrous sulphate; an agglutinant, such as gum arabic; and
a coloring material, such as logwood. Similar galls produced on Rhus
chinensis and other Chinese and Japanese species of sumac are sometimes
used as cubstitutes for Aleppo galls, although they are much inferior.
During the First World War these sumac galls were the only kind avail-
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able. Other types of oak galls are occasionally utilized. Tannin inks
are also made to some extent from other sources of tannin, such as log-
wood and chestnut. Logwood ink is especially noteworthy because it
contains both tannin and a coloring agent as well.

Colored inks are prepared from natural dyestuffs or aniline dyes in
combination with alum, water, and a gum. The best grade of red ink
utilizes the coloring material in brazilwood.

DYES AND PIGMENTS

Natural dyestuffs and stains, obtained from the roots, bark, leaves,
fruit, or wood of plants, have been in use among all nations from carliest
time. The cultivation of the plants and the preparation of ‘the dyes
have constituted an important industry in many countries. About the
middle of the last century the natural products began to be supplanted
by the synthetic or aniline dyes obtained from coal-tar products. These
latter dyes are brighter, more permanent, cheaper, easier to use and
afford a wider range of colors. Their use has gradually led to the aban-
doriment of most of the plant products.

* Over 2000 different pigments are secreted by plants. The majority of
these arce-used only locally by primitive peoples, if at all. A compara-
tively small number, about 150, have been of commercial importance, and
of these a mere handful have been able to compete with the artificial
colors.

-~ The chief use-of dyes has been in connection with the textile industry.
Before they can be taken up by the fabrics, however, they must be
rendered insoluble so they will not run. This is accomplished by the use
of mordants; which are salts of various metals. * When fabrics are steeped
in a solution containing a weak sult of iron, chromium, aluminum, or tin,
a fine layer of the metallic oxide is deposited on the cloth. The dye forms
an insoluble compound with this oxide. Dyes are also used for coloring
paints, varnishes, leather, ink, paper, wood, furs, food, cosmetics, and
medicines.

It would be too tedious a task even to list all the dyes that have been
used in the United States at various times. The Indians made use of
many native species and the early settlers followed the example of the
Indians. Several dyes, not now in use, have been of importance. Butter-
nut bark, for example, was used for dyeing homespun, and later for dyeing
the uniforms of the Confederate army.  As in other countries, most of the
plant pigments have been generally supplanted by aniline dyes. For a
while after 1914, when the I'irst World War cut off the supply of synthetic
colors, 90 per cent of which were made in Germany, the United States
returned somewhat to the use of the natural products.  Before long, how-
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ever, a domestic synthetic dye industry was built up which by 1939 was
producing products valued at $83,000,000.

Nearly all colors were available in one or another of the plant pigments.
Red dyes were obtained from alkanna, barwood, brazilwood, cudbear,
logwood, safflower, sappanwood, and sandalwood; yellow dyes from
annatto, fustic, gnmboge, henna, osage orange, Persian berries, quercitron,
saffron, turmeric, and weld; blues from cudbear, indigo, and woad; greens
from chlorophyll and lokao; and brown from cutch. These more impor-
tant natural coloring materials will be considered according to their
morphological nature.

Woods

Logwood. Logwood is one of the oldest dyestuffs and one of the most
important. At the present time it is used more than all the others
together. The dye is obtained from
the heartwood of Haematoxylon cam-
pechianum, a small, thorny, legumi.
naceous tree (Fig. 63) with peculiarly
corrugated and clustered trunks.
Logwood is a native species of Mexico,
but it has been introduced through-
out the tropies. The United States
obtains its supply chiefly from the
West Indies and Central America.
The trees can be propagated from
seed and are now being cultivated to
a considerable extent. They are cut
when from 10 to 12 years of age and
the bark and sapwood are removed.
Either the logs or extracts are ex-
ported. The dye, of which as much

as 40,000 tons hasbeen made anmually,  Ti6.63. A logwood tree (Haematozylon

has a purplish—red color. It is known campechianum) in Haiti, showing the
clustered and corrugated trunks. Log-

as haemutoxylin. It is used in its  wood is an important dyestuff and tan-
natural state or with a mordant, Ring material. (Photo by C. D. Mell;

. . courtesy of S. J. Record.)
The presence of a considerable

amount of tannin enables logwood extract to react with iron salts
to give a black color, which is extensively used for dyeing cotton and
woolen goods, leather, furs, and silk. This black is the best and most
lasting obtainable. As has been noted, logwood is also used in making
some inks. IHaematoxylin stain finds its greatest use in histological work.
A related species, the brazilette or hypernic (H. Brasiletio) furnishes a red
dye used for dyeing leather.
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Fustic. Yustic is the principal source of natural yellows, browns, and
olives, and it ranks next to logwood in importance. It is used for leather
and, in combination with logwood, for wool, silk, rayon, and nylon. It is
obtained from the heartwood of Chlorophora tinctoria, a tree of the dense
tropical forests of the West Indies, Central and South America. The
light yellowish wood turns a dark yellowish brown on exposure to the air.
TFustic is exported in the form of short logs, chips, paste, or powder. This
dye is often called old fustic to distinguish it from young fustic, a one-time
substitute obtained from the twigs of Cotinus Coggygria.

Cutch. Cutch is a term used for several kinds of raw materials used
both as dyes and in tanning. Gambier or white cutch has already been
discussed. Black cutch or catechu is the source of the most important
brown dye. It is obtained from the heartwood of Acacia Catechu, a tree
of India and Burma. Small pieces of the wood are boiled in water and
the extract is evaporated down to a purplish-black, gummy, semisolid

“ substance, which is molded into blocks for export. The dye is strictly
fast and is used for the various brown, fawn, olive, and drab colors,
including the familiar khaki. Catechu is also used as a masticatory and
in- medicine.

Osage Orange. The osage orange (M aclura pomifera) is a native tree
from southern Missouri to Texas, and is commonly planted elsewhere in
the United States for ornamental purposes and for hedges. It is also one
of the few native sources of a dyestuff. The bright orange wood yields a
dye that is used for orange-yellows and gold and as a base for greens. It
was known to the Indians and in recent years has come into prominence as
a substitute for fustic and the aniline dyes.

Sappanwood and Brazilwood. These two soluble red wood dyes have
had an interesting history. The first red dyewood to be discovered was
the heartwood of Caesalpinia Sappan, now known as sappanivood. This
tree is a native of India and Malaya and cultivated elsewhere in the
Asiatic tropies. The wood was introduced into Europe during the Middle
Ages and was called ‘““bresel wood.” Later, when the Portuguese dis-
covered a similar wood in South America, they naturally gave it the same
name ‘‘bresel,” and this name was also applied to the country in which the
tree was found, 7.e., Brazil. The source of this New World brazilwood,
as it is still called, is Caesalpinia echinata, which occurs in tropical America
and the West Indies. The heartwood yields a red dye used for cotton and
woolen cloth and for red ink. The wood is a valuable material for violin
bows. To some extent the bark and pods can be used as a source of the
dye. Sappanwood has the same uses as brazilwood. In both cases the
color is fugitive and the dyes are not much used today.

Barwood and Camwood. Much confusion exists in regard to the
identity of these two insoluble red wood dyes, obtained from several West
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African trees.  Baphia nitida and a related species are probably the source
of camwood, while barwood is obtained from Plerocarpus erinaceus and
P. Soyauxii. They yield shades of brown, red, and violet and are used
in the United States chiefly for dyeing wool.

Red Sanderswood or Red Sandalwood. Plerocarpus santalinus, an
Fast Indian tree, has a hard, fragrant, reddish wood which is the source of
an insouble blood-red dye, known as red sanderswood or red sandalwood.

Leaves

Indigo. Tor many years indigo or anil was known as the ‘“king of the
dyestuffs.” Nothing had been found to equal the permanency and
strength of its deep-blue color. Now, however, it has almost entirely
been replaced by a synthetic product. It is obtained from the Asiatic
Indigofera tincloria, the tropical American I. suffruticosa, and several
other species of the same genus. The plants are stiff-stemmed, weedy-
looking annuals or shrubby perennials. The indigo industry wasformerly
widespread and was even carried on in the Southern states at one time.
Indigo is still cultivated in India, Java, and Natal. Curiously enough,
the dye is not present in the plant itself. The leaves contain a soluble
colorless glucoside, known as indican, which oxidizes in-water to form the
insoluble indigo. Fresh plants, collected in the flowering season, are
broken up and steeped in water for 12 or more hours. The liquid is con-
stantly stirred to bring about complete oxidation, and the indigo grad-
ually settles out as a bluish sediment, which is made up into small cubes
for export: Indigo has been used as a dyestuff in India and other parts of
the East from earliest time. It was introduced into Europe in the six-
teenth century and soon spread all over the world.

Chlorophyll. Chlorophyll, the source of a green dye, is present in all
green plants. It is especially characteristic of the leaves of the higher
plants, from which it can readily be extracted.with various solvents.
Chlorophyll is of increasing importance as a coloring material for foods,
soap, and similar products. Its value lies in the fact that it is absolutely
harmless and may even serve as a deodorant. .

Henna. This orange dye is obtained from the leaves and young shoots
of Lawsonia inermis, a small tree 6 to 8 ft. in height, native to Egypt,
Arabia, Iran, and India. It is widely cultivated in the tropies and sub-
tropics as an ornamental and dye plant. The branches are first cut when
the tree is three years old, and thereafter twice annually. The leaves are
dried and ground into a paste. Henna is a very fast dye and was formerly
used chiefly for fabries and leather. It is also used in many countries for
dyeing the hair, eyebrows, and fingernails, and for other forms of personal
adornment,
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Woad. One of the first blue dyes to be used in Kurope was obtained
from the leaves of the woad (/salis tinctoria). This dye was used by the
primitive Britons to paint their bodies. The leaves are moistened,
slightly fermented, molded into balls, and dried. The plant is still culti-
vated to some extent.

Weld. Weld is another old-time European dy ebtuii It is a deep-
yellow dye much used for silks. It is obtained from the leaves of the weld
(Reseda Luteola), which was formerly cultivated throughout Europe.
The plant was introduced into America by the early settlers, and still
persists in many localities.

Roots and Tubers

Madder. Madder was formerly one of the most important natural
dyestuffs and was widely cultivated in all the Mediterranean region. It

Fic. 64. Turmeric plants (Curcuma lonaa) cultwatcd in Tela, Honduras. (Photo by
Walter H. Hodge.)

is still grown in Italy and the Levant.  The dye is obtained from the roots
of the madder (Rubia tinctorum), which occurs as a wild plant in Greece,
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Asia Minor, and the Caucasus. An infusion made from three- or four-
year-old roots shows a brilliant scarlet color, the familiar “turkey red.”
The coloring material is a glucoside, alizarin, which was one of the first
dyes to be made synthetically.

Alkanna. The roots of Alkanna tinctoria yield a red, violet, or crimson
dye which is used for coloring oils, pomades, medicines, and wines, and as
a stain for histological work.

Turmeric. Turmerie, one of the most important coloring materials of
India, is obtained from the tubers of Curcuma longa (Fig. 64). The
natural dye is orange-red or reddish brown. It is much used to impart a
yellow color to cloth and foods, such as curries. Turmeric also serves as a
chemical indicator as it changes color depending on the presence of alkalies
or acids.

Barks

Quercitron. The ground or crushed bark of the black. oak (Quercus
velutina), a familiar tree of the eastern United States, yields a bright-
yellow dye known as quercitron. This is used for leather, cotton, and
woolen goods with a tin mordant. Black-oak bark is-also a tanning
material. An exceptionally strong preparation of quercitron is marketed
as flavin. e

Lokao. Lokao or Chinese green is one of the few natural green coloring
matters. It is a powdery substance made from the bark.of two Chinese
species of buckthorn, Rhamnus globosa and R. utilis. It is used chiefly for
silks and cotton. S ‘ .

Flowers

Safflower. The safflower (Carthamus tinclorius), a very important
Asiatic dye plant, is a native of India, but is now widely distributed in
most warm countries. It is one of the great.tropical crops. Not only
are the flowers (Fig. 65) used for a dye, chiefly in coloring food, but the
seeds furnish an edible oil and the leaves are used as a salad vegetable.
In India over 1,000,000 acres are planted to safflower.. The plant is
grown to some extent in the United States for the oil. The yellow or
orange thistlelike heads are picked in dry weather, dried out, and pressed
into cakes. Both a red dye, used for fabrics and rouge, and a yellow dye
are obtained. Safflower i1s grown commercially for the dye in southern
France and Bengal. ‘ )

Saffron. 'The saffron crocus (Crocus sativus) is the source of this old
and powerful yellow dye. This plant is a native of Greece and Asia
Minor, but is cultivated in many parts of Europe and in India and China
as well.  The blue or lavender flowers blossom in the fall. The stigmas
and tips of the styles are used for the extraction of the dye. These are
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clipped as soon as the flowers open and are dried naturally or with artificial
heat. It takes at least 4000 flowers to furnish an ounce of the dye. The
coloring material is readily soluble in water so is not used for fabrics. It
is, however, much used for coloring medicines and food to which it 1mparts
a characteristic flavor.

F1G. 65. The lca\ es and inflorescence of the safflower (C’arthamus tmctorzus) (Reproduced
Srom U.S.D.A. Circular 366, Safflower, A Possible New Oil-seed Crop for the N orthcrn Great
Plains and the Far Western States.)

Fruits

Persian Berries. The dried unripe fruits of a buckthorn, Rhamnus
infectoria, which grows in Southern Europe, Asia Minor, and Iran, are
known as Persian berries. An extract of these berries yields yellow and
green dyes of some use in European countries.

Sap Green. Another native European buckthorn, Rhamnus cathartica,
is the source of sap green. This water-color pigment is obtained from
the fruits, which also have medicinal properties. This species has been
introduced into the United States,



TANNING AND DYE MATERIALS 133

Seeds

Annatto. This important coloring material comes from the seeds of
Bixa Orellana, an evergreen bush or small tree (I'ig. 66) native to tropical
America. It is cultivated in many other tropical countries. There are
few more satisfactory trees as regards growth and behavior. They begin
to bear fruit the second year, and average 300 to 600 Ib. to a tree. IZach
spiny pod contains from 30 to 50 seeds, which are surrounded by a scarlet
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F16. 66. Biza Orellana.
surrounds the seeds of this tropieal American plant.
aril. This aril yields a bright-yellow dye. Either the seeds are exported
or the ar’l is seraped off and made into a paste for shipment. Annatto is
nearly tasteless, and so is well adapted for coloring butter, margarine,
cheese, and other foodstuffs. It is also used for wool and calico goods,
paint, varnish, lacquer, and soap. Many South American Indians use
urucd, as it is called, to paint their bodies red.

Gum Resin

Gamboge. This yellow dye is obtained from a gum resin which is
exuded from the Siamese gamboge tree (Garcinia Hanbury?) and allied
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species. These trees grow in Ceylon, Thailand, and the East Indies.
Incisions are made in the bark and a yellow viseid juice oozes out, which
dries on exposure. It is usually collected in hollow bamboos, where it
hardens into eylinders. The beautiful yellow dye is soluble in water,
aleohol, or oil; it is much used by artists, and also gives a gold tinge to
the varnishes used for lacquer and metalwork. Gamboge has a medicinal
use as a violent cathartic.

Lichens

Archil and Cudbear. This blue or purple dyestuff, known variously as
archil, orchil, orseille, or cudbear, is obtained from several species of
lichens from various parts of the world, chiefly Roccella tinctoria. It was
formerly used for wool and silks and for staining wood and coloring wine.
It is now utilized for coloring drugs, sauces, and bitters. The dye is
prepared by treating the macerated lichens with ammonia and exposing
them to the air. A blue archil liquor is then extracted with water.
When this is heated to drive off the ammonia, it changes to red archil.
This is evaporated and ground to a fine powder or paste, which is known
as cudbear. .

Litmus is obtained from the same lichens by a somewhat different
process. They are treated with an alkali and allowed to ferment for
several days. Lime is then added and the dye is extracted with water.
The liquid is evaporated down and mixed with chalk or powdered gypsum,
or is applied to paper. Litmus is used as a chemical indicator for acids
and alkalies, for its natural purplish color is changed to red by acids and
to blue by alkalies.



CHAPTER VI
RUBBER AND OTHER LATEX PRODUCTS

RUBBER

Rubber is obtained from the milky juice, or latex, of various erect or
climbing woody plants of the tropics or subtropics. The majority of the
rubber plants belong to the Moraceae, Euphorbiaceae, or Apocynaceac.
Although well over fifty species are available as sources, only a few have
been important commercially and at the present time Hevea brasiliensis
stands preeminent. Wild trees were formerly the only source of rubber,
but now cultivated Hevea trees, the so-called plantation rubber, furnish
about 98 per cent of the supply. TRubber is the most recent of the major
crops of the world. The industry is little more than 100 years old, and
cultivation has been carried on only 60 years or so. In view of this, the
inerease in the production of plantation rubber from 800 long tons in 1900
to 305,000 tons in 1920 and 1,395,000 in 1940 must be considered as one
of the greatest triumphs in modern agriculture. This great development
of the rubber-growing industry has not been without its drawbacks,
however. Overproduction has seriously affected the industry finanecially
in recent years, and many attempts have been made at some sort of
regulation. The British and Duteh, in particular, have tried to restrict
production and exert other methods of control in Malaya, Java, Sumatra,
and other plantation rubber centers within their empires. The recent
successful development of synthetic substitutes for rubber, after many
years of experimentation, may further tend to jeopardize the natural
rubber industry. However, while these substitutes are superior for some
purposes, such as the conduction of oil, natural rubber is still preferred for
tires, which utilize three-quarters of the rubber output.

Latex occurs in special cells or in a series of special vessels which per-
meate the bark, leaves, and other soft parts of the tree. Usually only the
latex. from the lower part of the trunk is of importance commercially.
Latex is a gummy white liquid full of minute globules. It is a varying
mixture of water, hydrocarbons, resins, oils, proteins, acids, salts, sugar,
and caoutchoue, the substance used as the source of rubber. The
significance of latex to the plant is obscure. Tt is of some value in the
healing of wounds, and it may serve for protection, nutrition, the trans-
port of materials or as a fluid reservoir.

The properties of rubber have long been known. The primitive
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Central American Indians were familiar with it, as were the Incas of
Peru. Their word cauchuc has been altered to the present caoutchouc.
Columbus was the first to report the existence of rubber to Kuropeans,
but it was not introduced into Europe until 1735. The name ““rubber”
was first applied in 1770 by Priestley, owing to the fact that caoutchoue
could be used for removing pencil marks. Mackintosh in 1823 developed
a process for waterproofing cloth, but it was not until 1839, when the
discovery of the vulcanizing process was made by Goodyear, that rubber
really came into its own. FIrom then on the rubber industry developed
rapidly, and today rubber has a vast and constantly increasing number
of uses and industrial applications. The properties which make it so
valuable include its plasticity and elasticity, its resistance to abrasion
and to electrieal currents, and the fact that it is impermeable to liquids
and gases. .

The most important rubber-yiclding species will be discussed in detail.

Hevea Rubber

The Hevea or Para rubber tree (Hevea brasiliensis) normally is the
source of from 95 to 98 per cent of the rubber produced throughout the
world. This tree is a native of the hot damp forests of the southern
affluents of the: Amazon River in South America. It has been estimated
that there are over 300,000,000 trees in the vast area traversed by the
Amazon and the Orinoco. Within this region the optimum conditions
for its development are found—a uniform climate with a temperature
range from 75 to 90°F. and a rainfall of from 80 to 120 in. The trees
may reach an-age of at least 200 years and may attain a height of 60 to
140 ft. The leaves are three-lobed, and the flowers are small and incon-
spicuous. The fruits (Fig. 67) have three seéds, which contain 23 to 32 °
per cent of a fatty oil. This oil is sometimes extracted and used as a
drying oil. The resulting oil cake is rich in proteins and is used as a stock
feed. Although rubber trees are natives of swampy floodlands, they
grow best on deep, fertile, well-drained upland soils at an elevation of 600
to 1500 ft. above sea level. The latex occurs in a series of vessels in the
cortex. Several other species of Hevea are tapped, including Hevea
Benthamiana, which has a high-quality latex, but their ploductlon is
insignificant compared with that of Hevea brasiliensts.

Wild Rubber. In the early days of the industry only wild rubber trees
were available as a source of supply. The maximum production was
reached in 1910 with an output of 83,000 long tons. Thereafter with the
development of plantation rubber, wild rubber production steadily
declined to as little as 8,500 tons in 1932, Since that time the output has
fluctuated, depending on price and demand. Naturally during the
recent wartime shortages wild rubber was again actively exploited.
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The methods employed in obtaining and preparing the latex have
changed but little over the years. The collection of the latex is in the
hands of natives, called seringuieros, who are usually in the employ of
absentee owners. Iach seringuiero is responsible for a single tapping
circuit which contains from 35 to 180 trees, about 2 or 3 to the acre.
When a new tree is located, it is tapped at a point about 3 ft. above the
ground by cutting several short downward 30-degree panellike incisions
in the bark with a special knife. The cuts are sufficiently deep to sever
the latex vessels but do not extend far enough to injure the cambium.
Cups are placed below the incisions to receive the latex, which flows for

H. Hodge.)

several hours. The seringuiero makes the round of his trees each day. .
Successive tappings consist of entirely new incisions made slightly below
the previous ones. The latex is collected from the cups and carried to
the camp for coagulation. This is accomplished by coating a pole with
latex and suspending it over a fire made of palm nuts or special woods.
These yield a dense smoke containing acetic acid, creosote, and tars which
coagulates the latex, forming a layer of crude rubber. The process is
repeated until balls weighing 125 to 200 Ib. are obtained. In some
localities paddles are dipped in the latex and held in the smoke. The balls
are shipped to mills for processing.

Plantation Rubber in the Eastern Hemisphere. In 1876, Henry
Wickham took 70,000 Hevea seeds from the Amazon to Ingland. These
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were grown at Kew, and enough seedlings were obtained to start a rubber
industry in the eastern tropics, at first in British Malaya and Ceylon and
later in Java, Sumatra, and other arcas. There had been earlier attempts
at rubber cultivation, but plantation rubber did not become permanently
established until the beginning of the twenticth century. In 1910, when
Amazon rubber production was at its peak, the East produced only
11,000 tons. Four years later, however, it had outstripped its rival, and
by the outbreak of the Second World War it was responsible for 98 per
cent of the world’s output of 1,500,000 tons, with 9,000,000 acres under
cultivation. The phenomenal development of plantation rubber in the
East is due to many factors: favorable climate, freedom from disease,
low costs, ete., and especially to an extensive research program. Every
step in_the production. of the crop was carefully investigated, and the
best methods of planting, cultivation, tapping, and coagulation were
determined. - A great increase in yield was made possible by a selection
and breeding program. When bud grafting was found to be feasible,
buds of high-yielding. types were grafted on ordinary seedlings. The
resulting clones differed widely, and only those with the most desirable
characteristics were kept. The use of these “approved clones” began in
1925. By 1945, 10 per cent of the plantations had trees which were the
result of this pri)ﬂram’ and they obtained a yield of 1500.1b. to the acre:
'lheLQO per cent; “which still had a random mixture of trees had a yield of
onlyt 450 to 500 Ib. Breeding experiments give much promise for the
future.. Where controlled crosses of high-yield ¢lones have been made,
yields of as much as 2000 lb. per acre have been obtained. Not all
plantation rubber is produced on large estates. The acreage devoted to

“native rubber,”} grown in small family g,ardens is actually more than
that’ Qf “estate” 1ubber ”

Plantation Rubber in the Western Hemlsphere After 1924, when
export restrictions were first imposed on eastern rubber, the United States
became seriously interested in establishing plantations in other parts of
the world. Firestone selected Liberia, but Ford and Goodyear turned to
tropical America, the native home of Hevea. In 1928 the 2,500,000-acre
Fordlandia was started in Brazil, while Goodyear chose Panama and
Costa Rica. All the American ventures failed after a promising start,
owing primarily to the ravages of a leaf blight, Dothidella Ulei, to which
plantation rubber in the Western Hemisphere was particularly sus-
ceptible. It soon became obvious that rubber could not succeed as a
crop in the American tropics without adequate disease control. A
research program was instituted which has had highly satisfactory
results. An effective spray, consisting of copper and sulphur fungicides
with various spreaders and stickers, has been developed and can be used
on seedlings. Yield and resistance tests were made on thousands of
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individual wild trees, and the most desirable were selected for propaga-
tion and nursery stock. DNost fortunate was the successful importation
of hundreds of approved eastern clones from a Goodyear plantation in the
Philippines. When these were budded on resistant stock from the
jungles, desirable combinations of characters were obtained. Double
budding has also proved very satisfactory. This consists of budding a
high-yielding eastern clone onto a native root as soon as the plantis large
enough. This is grown in a nursery under spray control until it is 6 to
10 ft. high. Then the top is budded with a disease-resistant strain.
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The resulting rubber tree has a native root system, a high-yielding eastern
clonal trunk, and a disease-resistant crown. Long-range breeding pro-
grams are being continued, as well as extensive explorations in the jungle,
in the hope of obtaining strains which combine disease resistance and
high yield and so will obviate the expensive spraying and double-budding
practices.

With the cooperation of the United States and the governments of the
Latin-American countries involved, rubber is now being grown success-
fully in many areas (I'ig. 68). I<mphasis is being placed on small family
plantings, rather than large plantations. The rubber trees arve usually
set out at intervals of 12 to 24 ft. in rows 20 ft. apart. Other crops are
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often planted between the rows. Normally from one-third to one-half of
the acreage is resting; the balance is tapped on some alternating program.
At each successive tapping a thin shaving of bark is sliced off the original
panel until it nearly reaches the ground level. One-third, one-half, and
full spirals are used.

After the latex has been collected, a little ammonia or some other anti-
coagulant is often added to keep it liquid until it reaches the mill, where
it is concentrated, or made into sheet rubber. This is accomplished by
cleaning the latex and pouring it into <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>