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PREFACE TO THE SECOND EDITION 

The impact of a second 'Y orld 'Val' has sen'ed to bring home more 
forcibly than ever the dependellce 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 ::m increased demand, many fibers, 
oils, fats, insecticides, and drugs, as well as rubber, \\'ere quickly classified 
as strategic materials. An adequate food supply, both for domestic 
usc 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 invoh'ed merely an 
illcrease in acreage and the utilization of improved methods of cultivation 
and harvesting. 'Yhere foreign plants \\'ere concerned, attention was 
usually first directed to the possible introduction and establishment of 
these species in the 'Yestern Hemisphere. In cases \yhere this \\'as 
impracticable, it was necessary to secure satisfactory substitutes. :\Iany 
formerly little-knO\nl species suddenly became of great importanee. 

The past few years have also seen many adnwces 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 practiees of the \'arious 
eountries, particularly those of this hemisphere. Some of these changes 
\\'iII be permanent, others more transitory in nature. 

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

In the present unsettled state of world affairs statistics of procluction 
in the several countries and of imports into the United States Yilry so 
froIl! year to year that they are of little yalue. 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 eheckecl and brought up to date. In 
orcler not to 1.~' too ullwieldy the bibliography is restricted to \yorks that 
haye been puhlished sin('e 1\)36. 

The author \yisIH's to cxpre~s his appr('ciat ion to thos(' of his friends 
and colleaglles who hn ve made sll:,!;~est ions anel crit i(':l1 ('OIl1Il1l'nts or 
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otherwise furnished valuable assistance and advice during the progress of 
the work. He is particularly indebted to Professor Paul C. IVIangelsdorf 
for his interest and fricndly cooperation. 

The author is also greatly indebted to Dr. 'Yalter H. Hodge of the 
F.S. Department of Agriculture and Dr. Richard E. Schultes of the 
Botanical J\luseum or Harvanl University for the use of many of their 
original photographs and to the :'IIassachllsetts Hortiellltural Soeiety, 
the :\lcGra"'-Hill Book Company, and the Botanical )'lusellm for permis­
sion to reproduce several illustrations which have appeared in their 
pu blica tions. 

AL13EHT F. HILL 

C.\~!BRIDGE, :'I1A85. 

Decelllber, ID51 



PREFACE TO THE FIRST EDITION 

For some years past there has been an eyer-increasing feeling among 
educators that the a\'erage college courses in elementary science have 
fallen far short of meeting the needs of the average student. For the 
most part such courses have been conducted on the supposition that their 
sole purpose was to lay the foundation for further advanced \\'ork in their 
particular field. For the man who knO\ys what he wants, this is essential. 
l\Iany students, ho\\'e,'er, fall into other categories. Some take a first 
course because it is required; others to see \\'hether 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 e,'en if he 
does not continue in the field. In other ,yards the course should haye 
more of a cultural than a purely technical ,'alue. As Gager states it in 
the preface to his "General Botany," "A subject has cultural yalue 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 sueh 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 knO\Yledge of the industrial, medicinal, and 
edible plants cannot fail to broaden one's outlook. 

EYen though the yalue of including a eonsiderable amount of economic 
matprial in a beginning course in botany may be reeognized, the limita­
tions of time or "ariou:> eurriculUIl1 requirements usually render such a 
procedure impracticable. It should be possible, hO\yC','er, to offer at 
least a half-year course dcyoted to economic plants as a supplement to 
the usual first year's 'York. Sueh a course would appeal to students in 
chemistry, economies. and other fields, as well as to those interested 
particularly in plant science. :\loreoyer. such a eourse in economic 
botany ought to be ntluable to the science itself. Botany, more than 
any other science, has suffered from a lack of interest and appreciation 
on tb~' part of the ayerage person. Any attempt to educate the layman 
as to the importance of plants cannot fail to be produetiYe of some 
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beneficial results, and may help in establishing botany 011 a par with 
chemistry, ph.vsi(~s, geology, and ;r,oology in the eyc:s of the \\"()rld. 

The present book is the outgrO\\'(h of sP\'eral ypars' ('xpcriencc in 
presenting a one-semester course dealing \\·ith economie plants. The 
material utilized is of necessity limited, for the whole field of economi(~ 
botany is too "ast a subjed, and only the slll'fac(' can he scratehC'Cl. An 
attempt has been made to include the most important plants of America 
and other parts of the \yorld insofar as they enter into international com­
merce. It has not seemed ach'isable to gi,'e the cletailed morphology of 
the ,'arious species di8cussecl, or to consider too fully their agrieultural 
and commercial aspeds. Such information can be obtained from supple­
mentary readings which should be an integral part of the \I'ork of the 
eOllrse. A list of 89 important refercnce \I'orks is appended, and thc 
instructor \I'ill find numerous articles a\'ailable in current magazines, 
go\'ernment bulletin8, and 8imilar SOUl'l'es. For the benefit of anyone 
interested in the taxonomie phases of the subjeet, a systematir list of 
the species discussed is appended. 

Although intended primarily as a textbook, this \york should have an 
appeal to the ordinary reader, since material of too teehnical a nature has 
been a \'oidecl as far as possible. 

The author wishes at this time to express his sinrere appreciation of all 
the as"istanee that ha" been grantrd him during the preparation of the 
book. He desires espeeially to thank Professor Oakes Ames, \\'ho has 
read the entire manuscript, for his constant interest and valuable sugges­
tions; Professor Samuel ,J. Heconl, F. Tracy Hubbard, and Horace :-\. 
Lee, who haye criticized \'Cnious sections; ane! :til others ,\'ho have in any 
way contributed with adyice and comments. Special thanks are clue the 
staff of the Botanical )'I useum of HalTare! l~ niyersity for their rourtesy 
in plaeing the facilities of the museum at his disposal and for their friendly 
cooperation in many ,yays. 

The author is also deeply indebted to many institutions and indiyiduals 
who haye contributed photographs for usc as illustrations. In this ('on­
neetion his thanks arc due the Bl,;'eun of Plant Industry and the Forest 
Sen'ice of the United States Department of Agriculture; the Botanical 
.:\Iuseum, the Arnold Arborctum, and the Gray Herbarium of HalT:lrd 
L niYersity; the ).Iassaehusetts State College; the L ni\'crsity of .:\Iaine; 
the Uniycrsity of Minnesota; the Connecticut Agricultural Experiment 
Station at Xc\\' Hayen; Breck and Company: the United Fruit Com­
pany; E. 1. Pateh and Company; the l~nited Statrs Beet Sugar Associa­
tion; the Minute Tapioea Company; and the following indi \'iduals: Pro­
fessor S. ,J. Record, Professor I-l. \r. Y oungkcn, Profcs!';ol' \Y. IT. \Y ('ston. 
Professor D. H. Linder, Dr, F. ),1. Dearborn, and ),11'. H. E. S('hultes. 

The author further "'ishes to express his indebtedness to Ginn and 
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Company, the -:\IeGmw-Hill Book Company, Inc" P. Blakiston's Son & 
Company, The nIacmillan Company, \YorId Book Company, and the 
edito!'s of the Americall Jourllal of Pharmacy for permission to reproduce 
\'arious figures \\'hi('h haye appeared in their publications, clue credit for 
which is giyen in ('aeh instance. 

IL\HYAIW U:\I\'EH,;I'l'Y 

April,1\)37 

ALBEH'!' F. HILL 
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CHAPTER I 

THE IMPORTANCE AND NATURE OF PLANT PRODUCTS 

THE IMPORTANCE OF PLANTS AND PLANT PRODUCTS TO MANKIND 

The average man it; likely to consider himself as a being apart from the 
rest of the urganic \\-odd, enabled by reason of his superior intellect to 
lead a sclf-~iUffi(:ient 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 \'ery life, and his material happiness as well. His superior 
intelligence has made him more dependent rather than less so. Although 
yarious animal and mineral products contribute to his welfare, it is the 
plant kingdom that is most essential to man's \\-ell-being. 

:;\Ian's dependence on plants for the essentials of his existence has been 
of paramount importance in his life since the human race began. Prim­
iti,'e man probably had fe\\' needs other than food and a little shelter. 
Ci"ilization, hO\\"eyer, 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, \"ith food and shelter 
as his only \\"ants. He desire" other commodities as well, and ra\\' mate­
rials that can be conyerted into the many useful articles and products 
\\-hich contribute to his enjoyment of life, and "'hich incidentally increase 
his debt to plants. 

The three great necessitie" of life-food, clothing, and shelter-and a 
host of other useful proclucts are supplied in great part by plants. .-'ill 
adequate food supply is, and a!\\'ays has been, man's most outstanding 
need. 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 nt\\" materials. Clothing and shelter, 
the other prime necessities of life, arc deri\'cd in great part from plant 
fillers and from wood. ",Vood is one of the most useful plant commoditie:; 
in the ,,-orld today. and it played an enm greater role in the past. Aside 
from its woe a:; a :;truet ural mat erial, \yood is \-aluable as a source of 
paper, myoll, yariou:; chemica!:;, and fuel. Other types of fuel, such as 
("oal and petroleum, make ayailable for man the energy stored up by 
plant" that liy('d and died ages ago. Drugs. uc;ed to cure di:;ea~e and 
r('lipyp suffpJ'ing. :11'(\ to a gn'at pxtpnt pl:lJlt prodllrts_ Indllstry is 
dplwndC'nt OIl plant,.; fo], ll1an~' of its nL\\- matprials. Corle tanning 
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materials and dyestuffs; the oils, resins, and gums used in making paints, 
yarnishes, soap, and perfullles; and rubber, one of the most onti:itanding 
materials of modern ciyilization, are but a few of the valuable products 
obtained from plants . 

. \side from their yalue as sources of food, drugs, and man:r of the raw 
materials of industrialism, plants are important to man in many other 
\yays. The role of colorless .. plants 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 \'egetation in controlling floods and 
erosion are but a few examples. The aesthetic yalue of plants has no 
small influence on man's enjoyment of life, as e\'idenced 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 \'olume to consider the many aspects invoh'ed 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 eountries are independent in this respect, with the 
result that foreign trade, \yith its many ramifications and consequences, 
plays a necessary and important part in the life of the world. 'Yhen the 
population of a country is small, the problems il1\'oh'ed are not very 
great. ?\lost of the ci\'ilizecl nations, hO\\'eyer, 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 oyerpopulation 
in excess of the maximum possible production of food and raw matedals 
is responsible for many of the diffieulties and problems that harass the 
modern world, especially in the ease of nations with a restrietedland area. 
The necessity for finding; an outlet for their excess population, ,yhich all 
too often is steadily increasing, and the desirability of adding to their 
domestic supply of commodities ha\'e been responsible, in great part, for 
the policies of aggression that many such countries luwe pursued in 
recent years. The story of Japan in Korea and Manchuria and of Italy 
in Ethiopia are case,,; in point. 

In recent years \'arious economic problems concerned with agriculture 
have become increasingly important in the Lnited Statcs, and in other 
countries as well. Thcsc hayc sen'ed to hrin!!; home more clearly than 
ever before the intimatel:elationship het\Ycf'I1 plants and human welfare. 

One of the most ~f'rious of thesf' agricultural prohlems is concerned 
with oYerproduction, 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 ,,"hich followed created such a great discrepancy 
bet,Yeen the cost of production and the prices recei"ed for the products 
that the farmers were threatened ,yith wholesale bankruptcy and the 
welfare of the entire nation was impaired. The effort" of the government 
to deal with this problem through subsidies, crop reduction, crop adjust­
menb, and other means are familiar to all. It has been estimated that 
there are "till several million more acres under culti"ation 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 ,,'ould be to remove some of these unnecessary acres from 
cultivation. 

:\.nother agricultural problem concerns the proper utilization of the 
land, and this is related to characteristics inherent in the plants them­
selves. The succes"ful pursuit of agriculture in any area depends on the 
presence of certn,in environmental factors that arc necessary for the 
particular crop concerned. Each 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 seale, with consistently unsatisfactory yields and 10,,· financial return 
as the inevitable result. To remedy this :-;ituution, the retirement of 
these submarginal lands, as they arc called, from agriculture has been 
n,ch·ocatecl. This "'ould make possible the utilization of the areas for 
forests, grazing, ,Yild-life conselTation, and human recreation, and at the 
same time ,,·ould contribute to crop reduction. The resettlement of 
some of the farming population, \yhich accompanie" the abandonment of 
agriculture in such areac;, ob,"iously has a profound effect on human 
actiyitie::;. 

Still other agricultural problems arc physical, rather than economic, 
in nature, and arc l'oncerned more with procluctiyity than production. 
The practice of farming ne('('ssarily brings about the destruction of the" 
natural "cgetation, whieh has a protecti"e function: this induces con­
ditions that rC"lilt in th(' deterioration of the soil. Thi" deterioration 
may consist of the exhaust ion of the mineral nut rients, ,yhieh is not a 
sprious matter "ilH'e it ('an he ('ompcnsatpc] for by the WiC of fprtilizers. 
or it may comprise the Iwnn:lIl('nt lo:'s of soil through erosion. 
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Ero"ion is caused primarily by the action of \nLter and wincl. In the 
('usc of ,,"at er, 1\\'0 types of erosion are procl\l('cd--shcet erosion and gully 
erosion. In the former a thin sheet of soil is gradually removecl from 
slightly sloping fields. The process is hardly noticeable and, although 
widespread, it is not very dcstruethoe. Gully erosion, on the other hand, 
is brought about by the concentrated runoff of water and, \\'here con­
ditions of slope and soil are favorable, results in the formation of deeper 
and deeper gullies, \\"hieh eventually render the area unfit for agricultul"C 
for all time. SC\oeral million acres in the Southern states luwe been 
made worthless as the result of this type of erosion. If it is allO\\'ed to 
continue unchecked, its results may be so seriou" that human life is 
rendered impossible and barren deserts are the outcome. This has been 
the case in many parts of China. 

'Yind erosion is always more or less active on loose and sandy soil, 
and it is greatly increased as the result of cultinLtion and overgrazing, 
which tend to deplete the moisture-containing humus and pulverize the 
soil. The gro\\'ing of cereal", \\"hich require constant CUltivation, is 
especially likely to bring about conditions that fa"or both wind erosion 
and \yater erosion. The serious situation that developed some years ago 
in the semiarid regions of the Great Plains is a case in point. EYen 
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 se,'eral years combined to make conditions exceedingly favor­
able for \\'ind erosion. This \\"as 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 agrit'uiture, and eyen for human habitation 
for many years. It is essential that some sort of soil conselTation be put 
into praetice 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 areas, 
and various types of crop adjustments. 

Plunts haye been and still are responsible for many of the social ills 
that beset mankind. In times past the exploitation of workers in \'m'ious 
fields of acti\'ity t'oncernecl with plants has had serious eonsequences. 
As examples may be cited slavery, which \\'ent hand in hand \I'ith the 
production of cotton in the southern F nited States; the cruel treatment 
of the nati\'e rubher workers in the Belgian Congo, \\'hi('h shocked the 
entire civili7.ecl worlel in years past; and more reeently tlH~ plight of rubber 
collectors in Brazil. 

At the present time the prnhlem of the migrator,\' farm laborer, the 
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share eropper, and the ,yorking eonclitiomi of farIll labor in general are 
mueh in e\'ideuee, 

Perhaps the ehief sorial problem for \,'hieh plants are responsible is 
the narcotic drllg 1mbit and the illicit trade that has grown up around it, 
This cOllstit utes one of the most serious asped s of our modern civilizat ion, 

The comments made in the foregoing pages, inadequate though they 
may be, may perhaps sen'e to give somc idea of the many ways in which 
plants and plant products affect the ,yelfarc of mankind, 

THE NATURE OF PLANT PRODUCTS 

Before one can flllly appreciate the importance of plants, howC\'er, 
some knmdedge of their stl'llcture and acth'ities is desirable. For 
plants do not manufacture fillers, gumH, reHins, Htarch, Hugar, and the 
('OIlIltlesH other material;; of usc to man from any altruiHtic motive. 
Eaeh and e"ery one of these products plays a definite role in the life of 
the plant itself. Some of them contribute directl~· to the welfare and 
maintenance of the plant, while others represent ,,'aste products of its 
various acti,·ities. 

PROTOPLASM AND ITS ACTIVITIES 

The living subHiance in plants, as in animals, is protoplasm, and it is 
this protoplasm which exhibits the ,'arious characteristics that dis­
t inguish li"ing matter from nonli \'ing. 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 beha"ior. As a result 
of t he normal activities of the organiHm the existing protoplasm is con­
tinually being used up or worn out. This de::itrnctiye process is com­
prn,;atec1 for by a constructive phase in which ne,,' protoplasm is built up 
from raw materiab. This dual process of ,,'aste and repair is constantly 
going on during the life ,of the organism, and constitutes its metabolism. 
Ot hrr manifestations of life ,,'hieh protoplasm possesses arc its ability to 
~r()w, to reproduce, and to re:ipond to stimuli. Finally protoplasm docs 
not occur in a hit-or-miss manner, but has a definite organization. 
Every plant and animal consists of one or more infinitesimal units known 
as cells (Fig. 1). These little unit masses of protoplasm arc the foun­
dation stones of both the structure of the organism and its functional 
ueti"ities. In one-celled organisms all the vital processes are carried on in 
the ,;ingle cell. In the higher plants and animals, where the number of 
('ells is \yell-nigh count less, a di"ision of labor occurs. Some cells ,yill 
calT~' on one activity, ,yhilc other,.; will be adapted for different functions. 

Cdb thai arc utilized for some pari icular function arc likely to be 
similar in structUl'e and appearance, and arc usually grouped together 
i 0 constitute ,,,hat 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 le~L\'es, arc aggregations oC 
tissues so situated tlwt the particular function involnd can be curried 
on to the best adnllltage. 
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FIG. 1. "Various types of cells. A, a wood fiber; B, a tracheid; C, a vessel cell; D. a sieve 
tube with its row of companion cells; E, a parenchyma cell from the wood; F, a glandular 
hair, consisting of several eelb; G. a grOllp of cells from a growing region; H, two epidermal 
cells in section; I, four thin-walled parcnchYllHt cells frol11 n storage region; J, a group of 
collenchyma cells; K, a stoma with its two guard cells. seen in face view; four adjacent 
epidermal cells arc also shown; L. a ver~' thick walled "stone cell" in sderenchyma. 
(Reproduced from Sinnott. Botan!J; Principles and Problems, J[cGrall'-Hill Book Compan!J. 
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 \yorlel, is photosynthesis. 
This is the manufacture of food directly from raw materials of the 
inorganic \yorlel. "\Vith the exception of a few bacteria, green plants are 
the only li\'ing things that can actually make food. Animals anel 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 leuses. Using the energy of sunlight, 
which is put to \\"ork 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 celb is used as a source of energy, or is f\lJ"t her 
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transformed by various physical and chemical processes into all the 
:3Ubstances that play a part in the siruct me and life of the plant. In 
other \\"ords, the utilization of the photosynthetic sugar constitutes the 
plant's metabolism. This utilization takes se\"eral different forms, but 
there are fiye 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 \"arions food materials for immediate use 
or for storage as reSCI"\'e foods; (4) the production of various secretions 
and excretions; and (5) the release of energy through the breaking dO\m 
of the sugar as the result of respiration. "T e shall consider briefly the 
various suhstances formed during the four constructi\"e processes ilWoh"ed 
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 kno\\"n as the ccll wall. These walls afford strength 
and rigidity to the organism, serving as a sort of skeleton. The walls 
are ah\"ays composed of ccllulosc, either alone, or in combination with 
other substances. Cellulose is a nonliving materinl elaborated by the 
plant from grape sugar. Chemically it is a highly complex carbohydrate 
with the formula (Cdi 100 5),.. The cell walls, like the cells they enclose, 
are exceedingly variable in size and appearance. Certain types of cells 
have \ya11s that are very much thickened, and these sclerCIIChiJlIla 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, ronsisting chiefly of fibers. 
Fibers are long pointed cells with yery thick walls and correspondingly 
small cavities. They tend to interlace and arc capable of contracting 
and stretching. Some fibers, such as the hairs on cotton sceds, have 
walls that are almost pure cellulose. In other cases, as in the hast fibers 
found in the bark of many plants, some lignin is present. In the shorter 
wooel fibers (Fig. 2) the ,ya1ls are almost completely lignified. The 
presence of lignin greatly inerea~cs the strength of a \mll \\"ithout impair­
ing ib ability to conduct \\"ater. In the parts of a plant where :1 protec­
tiYe COYCrillg is necessary the normal cellulose \mlls may be infiltrated 
with waterproofing ~uhstan("es, ~u('h as cutin, suberin, or mw:ilage, all of 
which, and lignin a~ \\"e11. arC' manufac1urC'd h~" the plant. In a few 
in~tanccs inorganic' materials, silica, for examplc, may be present in 
cell walls. 

The same propertie,; t hat make cell walls useful to plants are in many 
rases l"~sp()n;;ible for their usefulness to man. 'YomI, with itt; lignified 
walls, has manifold uses whereyel" a rigid but easily worked material is 
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FIG. 2. "'ood fiber,;. A, fr01l1 Pur'" .1/,,/118; E, frum L;r;odcndron 1'u!;l';fcm; C, frum 
Qllercus al1w; D. fro III SU'ietclda J[ aho~. ~,;i; E, fro III QuerCllS rubra; P, frolll Car!J(l o[olu; G, 
from Guaniae",,, sanctulI!; fl, frulll Sassafras mr;ifo!;um. (Rc]lrodllccd froll! Eames, Intro­
duction to Plant Anatomy, J/cGratc·Hill Book Company, [nc.) 

desirable. The more clastic fibers arc the basis of the textile industry 
and, together with wood, constitute the ('hief raw materials of the paper 
industry. Cell walls that contain .-;ubcrin furnish the carli: of commerce. 
Walls that are nearly pure cellulose arc utilized in the manufaet1ll'e of 
synthetic fibers, ('xplosi,'es, ('cIIophane, and nUll1~' other industrial 
products. Since ('ellulose and its deri\'atin's arc highly combustible, all 
types of cell walls can be used as fueL :\ at only is this true of prcsent-



TIlE IJIPOR'l'ANCE AND NATURE OF PL:1N1' PRODUCTS !.J 

day plants, but those of bygone ages as well. Coal is nothing more 
than t.he mtlls of plants "'hich flourished during the Carboniferous 
Period of the earth's history and which have gradually lost their gaseous 
elements. A gradual suecession of fuels, sho"'ing 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 dm\'n, and to provide for the growth of the individual. Proto­
plasm is a highly complex substance, and its chemical nature is but 
poorly understood, eyen though only familiar clements are involved. 
Among the substances that it contains are simple sugars and more highly 
elaborated carbohyclrates; fats in nll'ious stages of synthesis: a large 
amount of protein material, deriyed in part from grape sugar and in part 
from nitrates absorbed from the soil; salts of yarious inorganic clements, 
such as iron, phosphorus, magnesium, sulphur, calcium, and potassium; 
and vitamins, enzymes, and other secretions. 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, 
\rho used raw food, deri\'ed a greater benefit, o\\-ing 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 
uscd 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 
re~en-e supply to be utilized later for gro,,-th and other activities. Under­
ground stermi, roots, buds, and seeds arc the chief storage organs. Three 
main types of food materials arc manufactured by plants, and all three 
may occur as reserve food. These classes of foods include carbohydrates, 
fats, and proteins. 

Carbohydrates 

Carhohydrates are the ~implcst of the foodstuffs. They are com­
pounds of carbon, hydrogen, and oxygen, in the proportion of two part::: 
of h~'drogen to one of oxygen. The principal carbohydrates are sugar, 
starch. and tbc \'arious cellulo~e~. 

Sugar. The grape sugar that is manufactured by the plant in photo­
SYllt he,;;s is almost unin'rsally present in plant. cells. This basic material 
of metabolism, known also as glucose, has the formula C' GH 120 G• It iR 
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sometimes stored up in large amounts, as in the stems of maize. Fruit" 
sugar, or fructose, another produet of photusynt hesis, has the same 
formula, but slightly different properties. It is less COIllmon in plants, 
except in fruits. 

The higher, more complex sugars arc built up from these simple sugars. 
The most important of the higher sugars is cane sugar, ur sucrose. This 
substance, which has the formula C\~H~~Ol!, 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 usc by the plant. They are highly nutritious and constitute 
a valuable food for the 100\Oer animals and man. Man utilizes these 
sugars, not only as they occur in plant ti8s11es, but by extracting and 
purifying them as \yell. 

Starch. The starches are insoluble compounds of a more complex 
nature with the formula (C 6H lO0 5)". Like the 8ugars, they are deri,oed 
from grape 8ugar, and indeed constitute the first yisible product of photo­
synthesi8. Starch is the commonest type of reserye food in green plants 
and is of the greatest importance in their metabolism. Owing to its 
insoluble nature, ho"oe,oer, :starch must be digested, i.e., 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 distincti,oc grain,., (Fig. 3). Man is very dependent 
on starch, which ,yithout question constitutes his most important plant 
food and plays a part in the industrial world as ,yell. 

Cellulose. Cellulose is the highest type of carbohydrate. We }ut\°e 
already noted its pre:sence in cell walls and discussed its fUllction in that 
connection. It has little, if any, use as a reserve food, although there is 
some e\Oidence that certain bacteria can make usc uf 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 haye a dual 
role, aiding in the support of the cell walls and 8erving as reserve food as 
well. The hemicelluloses may ~;radually 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, howeyer, 
of some use in the industries. 

Pectins. Pectins or fruit jellies occur in most plant eells, particularly 
in fruits and yegetables. They are readily soluble in \\'ater 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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'llaterial that holds cell walls together, consists of compounds of pectin. 
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 dO\m of cellulose or other 
carbohydrate compounds, and consist of an organic acid in combination 
with inorganic salts. They may bo secreted naturally in the tissues or 
may arise as the result of wounding. Gums aid in keeping water in the 

A 
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FIG. 3. Starch grains and tannin. Tannin: A, in phlocm parcnchyma of Pinus (a]so 
cryotals); F, in IJith cell, of Fraaaria; H, in ra~' cells of wood of Purus JIalus (also starch 
grains). Starch grains: B, in pith cells of Alsophilrz; C, in aliter peril'arp of JIusa; D, in 
cotyledon of Pis/on; E, in ray cell of phloem of Ailanthus; G. in cot,'ledon of Phaseollls. 
(Reproduced from Eames, I "traduction to Plant Ltnatomy, .II cGrate-IIill Book Company, Inc.) 

plant, and also sen'o as a reserve food. 11an uses them in the industries, 
in medicine, and as food. 

Mucilages. 1Iucilaginous substances, closely related to gums, are 
\\'idoly distributee! in the plant world. 'Vhen moistened \\'ith \\'ater 
they do not dissoh-e, but form a slimy mass. They are secreted in 
hairs, sacs, or canals. Their fUIlrtion is ,'aried and they mny sen'c as 
rCSCl'\'e foocI, as an aiel in chocking the loss of \\'ater or too rapid diffu;;ioIl, 
as a I1wchanism for \\'~ller storap;c, and as a means for facilitating seecI 
(lispC'r",:) I. M lIt'ilagc is often assoeiatecl with cellulose in cell walls. Its 
chirf lise to man is in medicine. 
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Fats 

Fats, like carbohydrates, arc compounds of carbon, hydrogen, and 
oxygen, but with a yery small amount of oxygen. For this reason they 
are often referred to ns hydrocarbons. The formula for triolein, a typical 
fat, indicates their chemical nature, C 57H 10 !OG. Fats arc deriyed from 
carbohydrates by t,,·o processes: (1) the production of fatty acids, (2) 
the formation of glycerin. These t\yO producb unite to form the fats, 
which are either liquid or solid in nature. In the former state fats are 
llsually 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 reserye food chiefly in seeds and fruits. They are 
insoluble and haye to be digested before they can be utilized. Because 
of their high energy content they are a yaluable food for both plants and 
animals. Fats also are important in medicine and in industry. 

Proteins 

Proteins constitute the third type of reserve food. They are likewise 
deriYed, at least in part, from carbohydrates through the formation of 

FIG. 4. Section through exterior part of a grain of wheat. c, cuticle; cp, epidermis; 111, 

middle layer of hull; i, i " layers of hull nnxt to 5eed coats; S, 8" seed coats; 1', protein layer 
with aleurone grains; st, celb of endosperm with starch grains. (After 7'schirch. rcprodllced 
I)y permission from Beraen and Daris. Principles of Botany. Ginn and Company.) 

amino acids. These latter simple compounds are then combined "'ith 
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 preOient, and often phosphorus . 
. -\ typieal protein, gliadin, which occurs in "'heat, has the formula 
emI-I llf>1::\ 18!O~OSSo. /lit hough PJ'Ot cins are t he chief constituent of 
protoplasm, they are stored up for the mo:-;t part only in ti('C'ds, \\'here 
t hey occur as solid gra11ules, kn()\\'11 as aleurone grains (Fig. 4). IT 1111-
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elreds of proteins have been isolated from plant tififjues. After proteins 
haye been changed to a soluble form, they constitute an important food 
for both plants anel animals. They are partieularly valuable as muscle 
and nerve builders, rather than as sourees 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 plan(fi; they are ,'cry diverse in 
chemical nature and in fuudion. Some are seereted in special cells or 
tissues (Fig. 5) for a definite purpose, while others ha,'e 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, ,yaxes, alka­
loids, glucosides, organic acids, enzymes, vitamins, ::md 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 acrid taste. They may ha\'e some antiseptic and bactericidal 
act ion. ?lIan u,;es these aromatic oils in the preparation of perful11es 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 hy the 
plant itself. These pigments are diverse chemically and functionally. 
The most important is chlorophyll. This exceedingly complex sub:-itance, 
"'ith its associated pigments xanthophyll and carotin, is one of the 
essential factors in photosynt hesis. Other colors are of value only as a 
means of attracting ,'arious in:-ieet and other animal agencies of polli­
nation and dispersal, "'hile some are only incidental by-products of the 
plant's aetiyity. In cases where the pigments are stable, they can be 
ext meted and u!'ed as dyes. Formerly natural plant dyest utTs were of 
great importanee in many indust ries. 

Tannins 

Tanni'ls are bitter, astringent substances secret eel in the bark, wooel. 
or o( her parts of many plants (Fig. 3). Their function is not. fully 
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under::3tood. They aid in the healing of wounds and the prevention of 
decay and may playa part in the formation of cork and pigments; they 
al::3o ::3erye as a protection against enemies. Tannins llaye . certain 
peculiar properties that render them inyaluable in certain industries. 
They have the pOi\'er of reacting "'jth protein:-i, :-iuch as the gelatin in 
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FIG. 5. Secretory tissue. A, nectary of Euphorbia pulrhcrrillla; B, resin canal of Pinus 
Strobus; C, floral nectary of Pynls J[alus; D, latex n""," I of Trayojioyo/l; E. oil canal of 
l111udica atro)JlIrplirca; P. oil ell ,oity of Citrus sincnsis; G, latex cclls of EllphorlJia sl'icnr/cns; 
H, ",ccretory ccli of Liriodtndron. (Reproduced from Eames, Introduction to Plant .1natamy, 
.II cGrau'-Hill Book Company, Inc.) 

animal skins, to produce a hard, firm substance. Consequently they 
are much used in the tanning of leather. They are also able to react 
with iron salts to produce a black color. This makes them yaluable 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 suhstanccs probably deri\'Cd from carbohydrates. 
They are secrcted in glands or canals and are often associatcd with 
essential oils and gums, They are formed either naturally or as a result 
of injury to the tissues, Resins are insoluble in ,,'ater and so render any 
surface impel'\'ious to moisture, For this reason they play an important 
role in the paint and \'arnish industries, In the economy of the plant 
resins may sen'e as a waterproofing medium or aid ill resisting decay 
through their antiseptic action. Hesinous substances are also used in 
medicine. 

Latex 

:\Iany plants secrete a milky or eolored juice \\'hieh is knmYll as latex. 
This mixture of resins, gums, hydl'oearbons, food, and other ;;uhstaneei3 
is formed in speeial cells, or vessels, usually in the bark or leaves. The 
signifieance of latex in the economy of the plant is not knO\\'n. llian, 
hO\\,eyer, obtains rubber, chewing gum, and other nduahle products from 
this material. 

Waxes 

The surface of leaves and fruits often has a coyering of. wax secreted 
b:i the plant mi a proteetion against excessi\'e loss of \\'ater.' This wax is 
similar t') fat in its composition. \Yaxes are of some slight economIC 
nllue. 

Alkaloids 

Alkaloids are vegetable bases containing nitrogen, and they are 
generally thought to be decomposition products of proteins. The~' are 
seereted in special eells or tubes and occur in many different families. 
Little is knm\'Il of their biological significance. They may afford pro­
tection against enemies because of their bitter taste. Alkaloids are 
odorless compounds \\'ith a marked physiological effect on animals. 
Consequently they are of the utmost importance in medicine and consti­
tute some of the most \'aluable drugs, On the other hand, they include 
some of the most powerful plant poisons and narcotics. Caffeine and 
theobromine, although they arc aetually examples of the closely related 
purine bases, are usually elassed as alkaloids and will be so considered 
in this ,,'ork. 

Glucosides 

Glurosides are similar to alkaloids in their properties, but they are 
cl('ri\'(~d from earhohycil'atcs rather than proteins. They probahly ha\'c 
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a protectiye function as they are wmally formed in the bark. It is also 
thought that they may sel"\'e to regulate the acidity and alkalinity of 
plant cells. Glucosides are useful to man as drugs. 

Organic Acids 

Organic aciels are widely distributed in plants, especially in fruits and 
\'egetables. They may occur in a free state, as salts of calcium, potas­
sium, 01' sodium,. 01' in combinations with alcohols. These fruit acids 
are probably attracti\'e to animals anel so aid in bringing about dispersal 
of fruits ane! seeds. They also playa part in metabolism and growth, 
anel in this respect arc as important for man as for plants. 

Enzymes 

Enz~'mes are lllliYersally pre,.:ent in all Ii \'ing organisms, animals as 
\yell 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 ]jying matter, \\'ithout actually entering into the reaction 
themselycs. Perhaps the most important reaction with which they are 
concerned is digestion, tho proce3S by ,yhich insoluble substances arc' 
broken down into soluble ones and so made available for transportation 
to all parts of tho organism and ultimate utilization. Enzyme8 are 
colloidal, anel probably protein in nature, and specific in their action. 
They are concerned not only with oxidation and other destructi\'e phases 
of metabolism but \\'ith the construetiye phases as well. They aid in 
photosynthesis and in the formation of fats and proteins, and are present 
in every li\'ing cell of the plant. 

Vitamins 

'Vitamins are substances \\'hich have been discovered comparatively 
recently and about which little is known. They 8eem, however, to be 
absolutely essential for the \yell-being of both plants and animals. 
They are formeel by plants, and although animals may store them up 
they are incapable of producing them. Vitamins occur 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, deyelopment, and reproduction, and, in fact, seem to control 
most of the const.l'llcti\'e phases of metaholism. Yitamins also are 
necessary fol' the prew'ntion of "arious diseases. Fruits, ~reen ycge­
tables, and seeds are important. f;Ollrccs of one or anothf'1" of t.he \'itamins 
that ha\'o heen i~olat('(l. SCa\H'ec!s are particularly valllahle for they 
(;Ontain nearly all the knO\nl vitamins. 
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Hormones 

Hormones are substanecs produecd in one part of an organism and 
then transferred to other parts \\'here, even though prcsent in minute 
amounts, they may infiuenee some speeific physiological pl'oce.",;. In n::i­
tigations in recent years haye 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 abo 
playa major part in the production of roots and flowers, the formation of 
fruit, and other acti\;ities. . 

The remainder of this book comprises a discussion of various features 
concerned \yith 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 considcred first, eyen though they may be less essential 
to man than the food plants. They include fibers, ,\'ood, cork, tanning 
and dye materials, gums, resins, essential oils, fatty oils, \\'axes, rubber 
and other latex products, sugar, starch, and cellulose products. Dl'llgs, 
t,pgether with tobacco and the yarious narcotics, will he treated :ieeondly. 
Finally we shall con"iller the food plants and food adjuncts, which 
include spices and be\'crages. 



CHAPTEH II 

FIBERS AND FIBER PLANTS 

Plants that yield libel's have wit.hout question been second only to 
food plant::; in their usefulness to man and their influence on the adnmce­
ment of ciyilization. Primitiye man in his attempt to obtain the three 
great necessities of life-food, shelter, and clothing-early turned to 
plants. Although animal products were ~LYaibble, he needed some form 
of clothing that "'as lighter and cooler than skins and hides. For his 
snares, bowstrings, nets, and the like he needed some form of cord;1ge 
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 ,yell over two thousand. 110re than a 
thousand species of American plants have yielded fibers. Seyen hundred 
and fifty occur in the Philippine Islands alone. Fibers of commercial 
importance, however, arc relati\'ely 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 arc of great antiquity. The cultivation of flax, for example, goes 
back to the Stone Age of Europe, as e\'idenced by the remains of the 
Swiss Lake Dwellers. Ancient Egypt was famous for its fine linen. 
Cotton ,yas the ancient national textile of India: and ,,'as used by all the 
aboriginal nations of the X e,,' '\Vodd as ,yell. 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 \yith the textile industry, which is concerned with the manu- . 
facture of fabrics, netting, and cordage. In making fabrics and netting, 
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flexible fibers are twisted together into thread or yarn and then ,,"o,'en, 
:ipun, knitted, or other\\'i:ie utilized. Fahrie:i in dude doth for wearing 
apparel, domestie lise, ll'yning,.;, :-;uils, cle., and abo eOaJ"::ier materials sllel! 
as gunny and burlap. The fabrie fibers are all of eommereial importance. 
Ketting fibers, ,,,hieh arc used for lace, hammoeks. and all forms of nets, 
include many of the commercial fabric fibers and a hO:it of native fibers as 
well. Both commercial and native fibers are used for cordage. For this 
purpose the individual fibers are twisted together rather than woven. 
T,,'ine, binder twine, fish lines, rope, hawsers, and eables are among the 
many kinds of cordage. 

Brush Fibers. These are tough and stifT fibers, oi' e\'en twigs and small 
stems, which arc utilized in the manufacture of bru:ohes and brooms. 

Plaiting and Rough Weaving Fibers. Plaits are flat, pliable, fibrous 
strands which are interlaced to make stnL\Y hats, sandals, baskets, chair 
seats, and the like. More elastic shands 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, etc.; 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 

h:om the bark in layers or sheets and pounded into rough ::iubstitutes for 
cloth or Jace. 

Papermaking Fibers. Papermaking fibers include ,,'ood fibers, textile 
fibers utilized in either t.he raw or manufactured state, and many other 
kinds. 

It is obvious that anyone plant cannot be restricted absolutely to any 
single group in this economic classification, since the same fiber may be 
liseel for different purposes anel since the pbnt 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, ",jth fe\\' 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 \"ith thick walls, 
correspondingly small cavities, and usually pointed ends. The walls 
often contain l;bllin as well as cellulose. Fibers may occur :'jingly or in 
small group'l, but they are more likely to form sheets of tissue with t.he 
indh'idual cells overlapping and interlocking. 

Fibers may he found in almost any part of the plant~stems, lea\'es, 
roots, f"uits, and e\'en seeds. The four chief types, ('Ia~siflcd a(',('ording 
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to t.heir origin, include bast fibers; wood fihers; sclerenchyma cells associ­
ated wit.h the vascular-bundle 8t.rand8 in lea \'es; and surface fiber8, which 
arc hairlike outgrowths on the scecb of nLriolls plant8. The UDe of the 
term "bast fiber" is open to criticism on the ground that it gives no incli­
cation as to the particular tissue or region in which the fibers occur. 
From a morphological viewpoint it would be preferable to designate those 
fibers which occur in the outer parts of a stem as cortical fibers, peri cyclic 
fibers, or phloem fibers. However," bast" il:l a term of such long standing 
and so firmly established in commerce that it will be used in the present 
disctlssion. 

Fibers of economic impodance are furnished by many different families 
of plants, particularly those which occur in the tropics. Among the more 
important may be mentioned the GJ-alizhzeae, Palmaceae, Jl llsaceae, 
Liliaceac, A mar!Jllidaceac, Urlicaccae, 111 alvaccae, Lillaccae, Bombacaceae, 
Lcgmninosae, Jloraceac, Tiliaccac, and BrollIcliaccac. 

TEXTILE FIBERS 

Textile fibers have certain special requirements. They must be long 
and must ha\'e a high tensile strengt.h, together with cohesi\'eness and 
pliability. They must possess a fine, uniform, lustrous staple and must' 
be durable and readily ayailable., 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 peri cycle 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 fabrics 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 monoc(,tyledons, although they may occur in 
stems and fruits. They are used for the coarser textile products. Sisal, 
henequen, abaca, the agaves, coconut, and pineapple are examples of 
plants that yield hard fibers. 

SURFACE FIBERS 

Cotton 

Cotton (Fig. 6) is the world's greatest industrial crop, the chief fiber 
plant, and one of the oldest as ,veIl as the cheapest. It ,ms kno,vn to the 
ancient ,vorld long before written records were made. References to it 
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are to be found in tho 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.D. 1500 
that country was the center of the industry. The Hindus were the first 
people to wou,ve cloth. Cotton was introduced into Europe by the 
:Mohammedans, and the word itself is derived from the Arabic" qutn." 
Appu,rently the plant had several origins for Columbus found it in culti­
vation in the West. Indies, and it was known to the Peruvians and :;\Iexi-
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FIG. 6. A mature cotton plant. (Reproduced from U.S.D.A. Educational Chart, Index 
X o. 3, 11, revised, The Coiton Plant.) 

cans hng before the du,ys of the Spanish conquerors. Cotton was first 
grown in the United Stu,tes soon after the first settlements \yere made. 
The first cotton mill, howover, did not commence operations until 1787. 

Production of Cotton. In 19-18 the world produced an estimated total 
of 29,285,000 hales of cotton, a bale usually comprising 500 Ih. gro:ss 
weight. The United States led in production with 1-1,868,000 bales, fol­
lowed by India and Pakistan with 2,812,000, the SO\·iet. Union \yit.h 
2,800,OCO, China and l\Ianchuria \yith 2,115,000, Egypt \yith 1,830,000, 
and Brazi! with 1,465,000 bales. Brazil has had a spect.a.cular rise as a 
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cotton-producing country, the output increasing from an average of 
--155,000 bales in 1932-1933 to a maximum of 2,Gi5,000 bales in 1944, 
grown chiefly in the state of Sao Paulo. For many years prior to 193-1-
the United States produced at least one-half of the \yorld's output of 
cotton. Since that time normal cotton production has been curtailed as a 
result of governmental regulations. However, an aye rage of about 
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FIG. 7. Cotton "taples. The principal commercial types of cotton showill~ the variation 
in length of staples. l'rolll top to bottom: sea-island, Egyptian, upland long-staple. 
upland short-staple, Asiatic. (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 ye'flrs, nearly one-third of \"hich mlS in Texas. The L nited 
States, India, Egypt, and Brazil arc the chief exporting countries, while 
Great Britain, Japan, and Germany lead ill the importation of cotton. 

Characteristics of Cotton. Cotton is obtained from several specics of 
the genus Gossypiwll. The fine fibrous hair~ that occur on the seeels con­
stitute the raw material of the industry. The:;e hairs, which are flattened, 
t,,-isted, and tubular, compose the lint, floss, or stople, the length (Fig. 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 culth'ation it is 
treated as an annual. It branches freely and grows to a height of -1 to 8 ft. 
Cotton thrives best in saudy soil in damp, humid regions that are near 
water. This type of environment is especially characteristic of the 
southern United States and the river yalleys of India and Egypt. 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 haye 
been developed from ,,,ild ancestors oi: produced by breeding during the 
long period of cultiyation. These varieties differ in fiber character as well 
as other morphological and cultural features. Cotton. is a "ery 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: Gossypiwn barbadense 
and G. hirsutum, which are :x ew 'Vorld species, and G. arborewn and 
G. herbacellln, natives of the Old IV arid. 

1. Gossypiwn bm-uadense. The native home of this species was proba­
bly tropical South America. In this co~ton 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: 

SBA-ISLAND COTTON. This cotton has never been found grO\ying wild 
~s it mts already in culti"atlon at the time of Columbus. "_ Its fine, strong, 
light cream--colored fibei's are more regular in the nllmber and uniformity 
of the twists and haye 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 
cotton, and also for mel:cerizing. 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 morein 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. 1.'his has a staple from 1~':2 to 1~4 in. in 
length. - The maximum yield of sea-island cotton '''as only 110,000 bales, 
but t:lis was compensated for by the greater value of the fiber. For some 
years the growing of sE!a-island cotton almost entirely ceased crYing to the 
ravages of the boll ,,·eevi1. \ ' 1 

EGYPTL\.~ COTTOK. Egyptian cotton is grown chieflt in t,he Nile basin 
of Egypt, wh~;-e it \\'as introduced from Central America. The plant is 
quite similar in appearance to sea-island cotton and is probably of hybrid 
origin. The staple, however, is brown in C~Ol; and somewhat shorter, 
measuring from 1% to U:i in. in length. Be4mte of its length, strength, 
and finbnes~ this coi ton is used for thread, undm;wear, hosiel~y ,._tire 
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fabrics, and fine dress goods. Egyptian cotton was brought to the United 
States in 1902 as an experimental crop, and lO years later it was recom­
mended to farmers in the semiarid regions that are irrigated. A con­
siderable quantity is no\\' grown in California, 1\ e\\' "Mexico, and Arizona. 
Repeated selection and breeding have resulted in the development of new 
and better strains, of which Pima is one of the hest. A large amount of 

... ~;- ... '", 

FIG. S. Lea"es, flowers, and fruit of upland cotton (Gossypiwn hirsllillm). (Reproduce"1] 
from lJ.S.D.A. l'eal'book, 1904.) ~ "" 

Egyptian cotton i::; still imported, amounting at times to one-tenth of 
Egypt's entire crop. 

2. Gossypillin hil'Slltllln. 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 
yellow and unspotted. The bolls are four- or five-valved, and the seeds 
are fuzzy all oyer. L'pland 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 GO to 90°F. The northern limit of 
economic 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 % to 1% in. There are 
over 1200 named varieties, many of which have been developed as a 
result of breeding experiments. Typical Gossypiwn hirsHtwn 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. Gossypi1l1n arborcum. 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 % to %: in. in length, but 
it is strong. . 

4. Gossypium hcrbaccllm. This fourth species of cotton is not found in 
America, but is the chief cotton of Asia. It has been gro\\"n in India from 
time immemorial and is also extensively cultivated for home consumption 
in Iran, China, Japan, and elsewhere. It i~ utilized for low-quality 
f2.brics, carpets, and blankets and is especially suitable for blending with 
wool. 

In addition to these cultivated species several wild species of Gossypilllll 
are still to be found in some tropical and subtropical countries. 

The Cotton Industry. For a long time cotton \\"as a very expensive 
product for it was difficult to remove the fibers from the seed. The inven­
_tion of the cotton gin by Eli 'Vhitney 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 yalue 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 
,'ecent years in an attempt to impro\'e the situation. 

Several operations are necessary in order to. prepare the raw cotton 
fiber, as it come" 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 ,,-hich 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 extensh-ely used for stuffing 
purposes. l\Iercerized 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 
\\'hic11 the oily co,-ering layer has been removed. I t is almost pure 
cellulose and constitutes one of the basic raw materials of the yarious 
cellulose industries to be discussed later. 

One of the most notC\yorthy adnmces in the cotton industry has been 
the utilization of what were formerly treated as mlste procluets. At one 
time the cotton seed, together ,,-ith its fuzzy cO\'ering of short hairs, or 
linters, was discarded as valueless. Today, however, all parts of thc 
plant are conserved and yield products that arc worth seyeral million 
dollars annually~ The stalks contain a fiber that can be used in paper 
making or for fuel, and the roo is possess a crude drug. The seeds arc of 
the greatest importance and eyery portion is utilized. The lintcrs furnish 
wadding; stuffing for pads, cushions, pillo\ys, mattresses, etc.; absorbent 
eotton; 10\y-grade yarn for twine, ropes, and carpets; and cellulose. The 
hulls are used for stock feecl; as fertilizer; for lining oil wells to prevent the 
C11 ,-ing in of the sides; as a source of xylose, a sugar that can be conyertecl 
into alcohol, or various explosives and industrial soh-ents; and for many 
other purposes. The /;cl'llcls yield one of the most important fatty oils, . 
eottonseecl oil, ,,-hieh ,,-ill be cli,;eussed later, and an oil cake and meal 
\yhich are used for fertilizer, stock feed, flour, and as n dyestuff. 

SOFT OR BAS'!' FIBERS 

Flax 

Flax, once the most '."aluable and useful of the fibers, is now second to 
cottOll, and possibly juto, in importance. It is mueh 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 S\yiss Lake D\\'ellers, the oldest people in Europe \yho hayc 
left remains of their ciyilization. It \YUS well known to the Hehre\\-s and 
is frequently mentioned in the Bible. 'I'll(; Egypt.ians \YO;'e linen and 
used it for their mummy doth,;, and can'cd pietures of tho flax plant on 
their tomhs. Long prior to tIl(; Christian em the Greeks imported flax. 
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, Five thousand years would be a moderate estimate of the time during 
whieh the plant has been under eulti\Oation. 

Flax belongs to the genus Limllil, whieh eontains se\'eral wild speeies of 
no economie importapce, as well as L. IIsitatil):;illllllll, the :<OUl'ce 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 -! ft. The fibers 
are formed in the perieycle, and consist of "ery tough, stringy strands frol11 
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 grO\Yll in other 

FIG. 9. Flax (Liman llsitatissimllm), showing; the straw spread for dew retting. (Repro­
dllced from U.S.D.A. Farmers' Bulletin 669, Fiber Flax.) 

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 de,\' (Fig. 9). During this process, 
which is called retting, an enzyme dissolves the calcium 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 or'the stem by means of an operation 
known as scutching. Finally the shorter fibers, "'hich constitute the to\\·, 
are separated from the longer fibers, which alone can be used in spinning. 
This is done by hand or by a hackling machine. 

Fla:;: fibers are remarkable for their great tensile strength, length of 
staple, fineness, and durability. They are used in the manufaeture of 
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linen cloth and thread, cmlYas, duck, carpets, the strongest twine, the 
best fish and seine lines, cigarette paper, the finest writing paper, and 
insulating materials. Fibnr:-; from the stalks of flax grown for seed are 
too harsh and brittle for spinning, but arc 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 pel' 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 eyery farmer grew enough for his own use. It was 
a particularly good crop with which to reclaim np.tive soil, and for a long 
time its cultin.tion \yas 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. 1-lo\\'e"er, in regions where there is little rain, flax is 
grO\yn 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 considerable 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 satil'a. 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 deyelopment hemp requires a mild humid climate 
and a rich loamy soil \\'ith an abundance of humus. Calcareous soils are 
particularly \yell adapted to hemp culture. 

Hemp fiber is a white bast fiber \yhich develops in the pericycle. It is 
valuable because of its length, \yhich yaries from 3 to 15ft. ,its ~h'ength, 
and great durability. It lacks, b',,,veyer, the flexibility and elasticity 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 \mter. They are then broken, scutched, and hackled by hand. 
Hemp must be hal'Yested when the male flowers are fully out; otherwise 
the fibers are too \yeak 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.R, Italy, and Poland .furnishing 
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Ii) pel' 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. 'Yartime shortages made resumption of its cultivation 
imperative for a time, and a government-supported progmm produced 
120,000,000 lb. in 19H. Thcre is little possibility, hO\\"ever, that hemp 
will become a permanent crop in the United States. A small amount of 
hemp fiber is produced in Chile. 

Hemp is used for ropes, t"'ine, carpets, sailcloth, yacht cordage, binder 
t"'ine, sacks, bags, and webbing. Hemp waste and the \\"oody 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 Ebers, 
or tow and rayelings constitute oakulIl. This is used for caulking t.he 
seams bet\\"een the planks used in shipbuilding; in cooperage; and as a 
packing for pumps, engines, etc. In tropical regions hemp is grown for 
its seeel, ami also for a drug that is obtained from the flowcring tops and 
lea,oes. The sec"-,-l5...contain an oil that is lIseful in the soap and paint 
industries as n suhstitute for linseed oil. The drug, known :is ha,;hi:sh, i:s 
a resinous substance that contains several powerful :illmloids. Its lISC 
:ind tile important part it has played in the economic and social life of 
many countries will be c1iseussedlater. 
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Jute 

Jute is probably llsed more extensi\'ely than any other fiber except 
cotton, although it it; much les~ yaluable than either cotton or fiax. Jute 
is a bast fiber obtained from the secondary phloem of two species of 
COl'c/zorus, an Asiatic genus. The best fi.ber comes from C. capslllal'is, a 
species \\"ith rounel pods \\"hich is gro\\"n in lowland areas subject to 

FIG. 11. Jute (CorchorllS capsuz.:. is) grown for fiber production in India. 

inundation. The plant is a tall, slender, half-shrubby annual (Fig. 11) 
with yellow flowers, gro\\"ing to a height of 8 to 10 ft. It requires a warm 
climate and a rich, loamy, alluvial soil. Fiber from C. oli/orills, an 
upland species with long pods, is but little inferior, and the two arc not 
differentiated for eommercial pUl'po~es. 

The crop is haryestecl within three or four months after planting, "'hile 
the flowers are still in bloom. The:-;t ems arC' rC'tted in pools or tanks for 
a fe\\' days to rot out the ,.:oftel' gummy tissues, and the jutc, or [JllIIII!/. 
strands are then looscned by \\"llipping the stems on the surface of the 
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water. The very long pale-yellow fibers, from li to 10 ft. in length, are 
quite stiff, as they are considerably lignified; they ha,-e a silky lust cr. 
They are "ery abundant, but are not particularly strong, and they tend 
to deteriorate rapidly \"hen exposed to moisture, to which they are 
exceedingly susceptible. In spite of these di,mdvantages the fad that 
jute is cheap and easily spun make::; it valuable. Practieally eyery 
civilized country imports some form of jute or jute products .. 

Although probablY a native of .0.Ialaya or Ceylon, jute is no\\- almost 
entirely an Indian crop. Several million acres are cultivated in the 
valleys of the Gangcs and Brahmaputra ri,·cr::;. As a result of war short­
ages, Brazil began a large-scale cultivation of jute in the ;\mazon 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. I-IO\\-ever, the absence of an adequate fiber­
cleaning machine makes the c-ost of its production in this country 
prohibitive. 

Jute is used chiefly for rough \Yeaving, and the familiar burlap bags, 
gunny, wool, and potato sacks, and the co\-ers for cotton bales, are made 
from it. The fiber is also used for making byine, carpets, curtains, and 
coarse cloth. Short fibers and pieces from the lower ends of the stalks 
constitute jute butts, which are used to some extent in paper making. 
India not only grows most -of the jute, but it is the Im'ge"t manufacturer 
arid exporter of jute products. 

Ramie 

Ramie (Bochmcria nivca) is a perennial-rooted, herbaceous, or shruhby 
pbnt (Fig. 12) ~yithout 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 odgin 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 spveral 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 ,,,ith a high degree of luster, and 
\yould be very desirable fqr textile purposes were it not for difficulties 
encountered during the extraction and cleaning of the fibers. The stem" 
are first immerseu 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 "1' mechanical means. The fibers that are left are heavily coatecl 
\yith gum and require further laborious treatment before they can \)(' 
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utilized. They constitute the China grass, or "filasse," ,\"llich is exien­
sively used in the manufacture of grass cloth and other dress goods in 
Asia. Hamie is used in Europe for underwear, portieres, upholstery, 
thread, and paper. Although it is the strongest fiber known, being three 
times as strong as hemp, ramie is not Ycry generally used because the 
trcatment ncccssary to remoyc the fibcrs is so cxpcnsive. The fibers also 
lack flcxibility and are too smooth for good cohesion. A process has 
recently been dm"eloped by "'hich a fiber is obtained "'hich has met all 
the tests and requirements of the textile manufacturers, and for which a 

multitude of uses is predicted. A ramie industry might "'ell be developed 
in the l"nited States, but cheap labor would be essential for its success. 

_.\ variety of ramie, Boehmcria nivea var. tcnacissillla, is sometimes 
differentiated as rhea. This plant, a natiye of Malaya, resembles ramie 
except that the leayes are green on both sides. For commercial purposes 
rhea fiber is included under ramie. 

Sunn Hemp 

Sunn, sun, or san hemp (Crota{aria jllllcca) is an important Asiatic 
fiber plant. It is not knO\m 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 flm\"ers. It is extensively grown in India 
where over 500,000 acres are planted every rainy season, chiefly in the 
regIOn around IVladras. Sunn hemp is also cultintted 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 t,,,ines. 

Other Soft Fibers 

~ early all the members of the ..11 almccac yield bast fibers that can be 
u:led for textile purposes. Some of these are of considerable commercial 
importance. Among them may be mentioned: 

China Jute or Indian Mallow (llbulilon l'heophrasti). This annual 
plant yields a strong, coarse, grayish-,yhite, lustrous fiber with the same 
general characteristics and uses as jute. It is extensively grOl\'n 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 cannabin11s). This tall herb yields a fiber which has 
borne sorile 129 names, among them Deccan, Ambari or Gamba hemp, 
Java jute, and lVIesta fiber. It has long been of value in the Old \Vorld 
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, Xigeria, Natal, and Egypt. 
More recently it has been introduced into Europe and the Western 
Hemisphere. In 1935, the U.S.S.ll. had 32,500 acres. in production. 
Since 1941 kenaf has been subjected to an extensive research program in 
Cuba, El Sah'ador, and the 'Gni.ted States. Tile plant is adapted to a 
"'ide range of climate and soil conditions. It is harvested shortly after 
the flowers come into bloom. The fibers, ,yhich 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 ,,,hich is edible after 
it has been refined. 

Roselle or Rama (Hibiscus Sabdariifa). This species is cultiyated in 
India, Southeastern Asia, and the islands of the south,Yest 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 ::ll'id and serye as a sour relish. The juice is also used for ibvoring 
:md in making jams, jellies, and ,yine. 
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Aramina or Cadillo (['rena Zabala). This species occurs as a weed in all 
tropical countries. It furnishes a yellowish-\yhite fiber that is more last­
;ng than jute and is used as a substitute in many industries. It is grown 
commercially in Cuba, Madagascar, the Belgian Congo, Xigeria, and 
Brazil, where its chief use is in making conee sacks. 

Other mah'aceous species yielding fibers of minor importance include 
okra (Hibiscus eSCIllcntlls), majagua (H. tiliacclls), and sC\'eral species of 
the genus Sida. S. aClila in particular is nm,' being cultinLted to a wn­
siderable extent in }Uexico as a jute substitute. It is an extremely easy 
plant to haITest and prepare, and the fibers are bl'ice as strong as jute. 

The American Indians used the bast fibers of many plants for their 
bO\Ystrings, nets, and similar purposes. The Colorado River hemp 
(Scsbania c.raltata) was extensi\'ely used by the ,,'estern tribes, \\'hile the 
Indian hemp (ApacYIl1I1Il cannabinlUll) and millnl'eed (Asclepias syriaca) 
yielded the fiben3 of greatest importance to the eastern Indians. 

HARD OR STRL"CTURAL 'FIBERS 

Abaca or Manila Hemp 

Abaca or l\Ianila hemp is the \"orld's premier cordage material. It is 
obtained from several species of wild plantain or banana. Jlusa textilis 
(Fig. 13), the principal source, resembles the true banana, but has nar­
rower, more tufted leaves ane! 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 G 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 length\yise. The pulp and the fiber strand::; are remo\'ed, 
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 (Fig. 14) are G to 12 ft. in length, lustrous, and 
vary in color from white to light ocher. They are light, stiff, elastiG, and 
exceptionally strong, durable, and resistant to both fresh and salt water. 
For this reason the chief use of abaca is in the manufacture of high-grade 
cordage, especially marine cables. It is also used for binder t\"ine, 
bagging, papier-mache, strong tissue paper, wrapping paper, and :i\Ianilrr 
paper for sacks. Japan imports a large amount for making the strong 
paper used for the mo\"able partitions in the houses. The indi"idual 
fibers cannot be spun, but strands of fibers are utilized ill making the 
lustrous cloth known as sinamay. 

Although M. textilis is found from India to the Philippines, it is only in 
the latter countr}" ane! to ::;ome extent in S1Imatra :md Borneo, that it has 
heen of commercial importance. Abacti was known and used by the 
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FIG. 14. Ah"p{, fiber in bun,Hes ns it is taken from the plantation to the market in the 
Philippine JRlands. 
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natives for centuries before the arrinLI of the first European explorer::; 
early in the sixteenth eentury. The first shipment was made to the 
U liited States in 1818. From then until 1918 it was the principal export 
of the Philippines, amounting to some 300,000,000 lb. annually. 110re 
recently, sugar und sometimes copra haye exceeded it in importance. 

l\Ianila hemp requires a i\"arm climate, fertile soil, shade, good drainage, 
abundant moisture, and an eleyation hel0'\' 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 . 

. -\fter sei'eral failures, abad was finally successfully introdueed inlo 
the 'Yestern Hemisphere in 1925 in Panama, but little interest was 
aroused. In 1942, h0'\"e,-er, the serions shortages of 1Ianila hemp con­
stituted a real threat to the war effort, and the united States goyernment 
financed a planting project in several Central American countrie8. 
l\Iachines for cleaning the leayes were devised and installed, and soon 
some 26,000 acres were uncleI' cnltinttion i\'hich produced 3,000,000 lb. of 
fiber. The cessation of war found the abad industry soundly established 
in Costa Ilica. 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 

Agaye fibers rank next to cotton in importance in America, their trade 
"alllo amounting in good year::; to onr 835,000,000. The agayes are 
stemless perennials idth basal rosette::; of erect fleshy lea yes. These 
leaves contain the fibers, i\'hieh are remoi'ed by hand or machine, The 
numerol!s species are of rather local occurrence. They are yery drought 
resistant and are adapted to dry sterile soils. Sei'eral kinds are of com­
mercial import:.mce. 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 type8 include: 

Henequen or Mexican Sisal (AgaL'cfourcroydcs). This natiye :\Iexiean 
specie:> was long used by the Aztee;.:. At the present time it i::; grown 
chiefly in Yucatan and Cuba (Flg. 15). The lean.s hear spine::;. \\'hich 
make them difficult to handle. The fiber, "'hich is scraped out from t IH' 
leaf tissue; is light straw colored. It is hard, wiry, and elastic, nlP:lsuring 
from 2 to 5 ft. in length. Henequen is used chiefl~' for binder (\"inc, 
lariats, and similar products. It is not suitahle for marine or hoisting 
cables as it is too heayy and too i\·eak. 

A closely alliecl ,;pecics. Ayal'c Letolla!', i,; the "OIllTe of tIl(' (~()n:-iiderable 
amount of henequen grown in EI Salvador. 

Sisal (..t(!CIl'l? sisCIlalla). Si~al j" i'(>r~' :-;irnilar in appraran('o in Iwnoquen 
but laeks the spine8 on the lea,·e~. .\ nati\'(~ iipe('if'::; of MI':d('n and ('on-
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tral Ameriea, it is now cult.i\'ated in Hawaii, the East and 'Vest Indics, 
and many sections of Afriea, cspeeially the British possessions, The 
plant is exceedingly drought resistant and "'ill grow \\"here all other species 
fail. Little 01' no eultiyation is neeessary, The eoar::ie, st iff, light-yellow 
to white fibers arc remo\'ed from the !euyes hy hanci or hy means of a 
"raspador." They arc cleaned, dried, and paeked in GOO-lb, hales for 
shipment. The l'nited States uses a largc amount of sisal for twinc, 
ropes, and cords, most of the supply coming from Mexico, Haiti, and 
British East Africa. 

Istle. Se\'eral fibers ha\'e been used in l\Iexico from prchistoric times 
undcr the names istle, ixtlc, 01' Tampico fiber, The thrce most important 

FIG. 15, Henequen (.4aarc jouTcroydcs). A field nenr Victorin, Tamnulipas, Mexico, 
from which two crops of leaves have been cut. The plants nre six yenrs old. 

kinds, and the only ones exported, arc jall!11~L\'e istle from Agacc Fllnl.-iana, 
tub istle from A. Lcchcguilla, and palma istlc from Sallluela carncrosalla 
and various species of Yucca. The fibers are obtained from immature 
lea\'es of wild plants, and, although shorter than those of sisal and 

IlenCClllcn, thcy are \'ery strong and durable. Becausc of their stiffness 
and harshness they \\'crc formerly used for brushes, but no\\" they seiTC as 
cheap substitutes for sisal and abad in making bagging, twinc, and rope. 
Orc sacks made (If istle haye been knO\nl to last 10 years. 

Maguey. The Manila magucy or cantala (.:1(/at·c Cantala) is u ~Iexican 
species which was carly introduced into India and Southeastern Asia. It 
is grown on a commercial scale in the Philippine Islands, Java, and else­
\\'hcre as a substitute for sisal. 
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Mexican magney is obtained from se,'eral different species of Agavc. 
Thesc latter fibers are of little economic importance. The plants, 
however, are of considerable interest, for their juice is used in making the 
J.\'Iexican beverages, pulque and mescal. 

Mauritius Hemp 

r.lauritius hemp is obtained from the leaves of the green aloe (F1l1'craca 
giuantca). This species is a natiye of tropical America, but is now \Yidely 
distributed throughout the tropics of both hemispheres, \Yhere its fiber is 
used for domestic purposes. It is grown on a commercial scale in the 
islands of J.\Ialuitius, ::\Iaclagascar, and St. Helena, and in South Africa, 
India, Yenezuela, and Brazil, "'here it is known as pitcil·a. The plant 
resembles an agave in habit, but has larger, less rigid leaves and the 
longest knO\\"Il 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 arc white; soft, very flexible, and clastic. They are "'eaker than 
sisal. They are used alone or in mixture for making hammocks, bags, 
coarse twine, and other small corclage. 

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

New Zealand Hemp 

This fiber, also known as X el" Zealand flax, comes from the leaves of 
the irislike PllOrmiwll lena.r (Fig. 16)., This plant is a native of the 
swampy regions of Xe,,' Zealand, but it is now found throughout the 
tropics and in temperate regions as \Yell. It has been introduced into 
the l~nited States chiefly as an ornamental plant. For a time it ·was 
grO\\'Jl in California for its fiber, but the climate "'as too unfavorable for 
it to become established on a commercial scale. The fibers are yery long, 
3 to 7 ft. in length, and ha\'e a hil!;h luster. They are softer and more 
flexible than abad, and are used chiefly for towlines, twine and other 
forms of cordage, and mattings, and to some ext en t for cloth. 

Bowstring Hemp 

Xumerous species of the genus SallsCl'l'cria occur as wild plants in 
various parts of tropical Africa and :\sia. These bowstring hemps are 
herbaceous perennials with basal rosettes of swordlike leaves arising from 
a creeping rootstalk. The leayes yield a strong white elastic fiber, which 
has long been used by the nati\'e 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 a long t.ime. The fibers are removed by hand or by mechanical means. 
Important species include S. thyrsljlom of tropical Afr!ca, grown also in 
Jamaica anel Central America; S. Roxburghiana of India; and S. zeylanica, 
('ultiyated in Ceylon and many other tropical countries. A few species 

FH;.10. Nc,,' Zealand helllP (Phormillnl lennI). This plant is cultivated in California for 
the fiber. It i, also grown for ornalllental pnrpo,cs. 

have been int.roduced into the United States, prominent among which is 
the Florida bowstring hcmp (S. IOllgUolia). 

Coir 

Coir is the term applied to the short, coarse, rough fibers (Fig. 17) 
which make up the greater pmt of the husk of the frui~::, 9JJ.he eo_t:._o_n~L 
palm (Cocos 11llcifera). Coil' is the only prominent fiber that is obtained 
from<fruits. Unripe coconuts are soaked in salt ,Yater for seyeral months 
to loosen the fibers. They are then beaten to separate the fibers, ,yhich 
are then washed anel drieel. The uses of coir are yaried. In tropical 
;\sia and the South Seas it. is the fiourec of sen nit braid, which is u: .. ;pd for 
hawsers, ctlbll's, and small' (·ordage. Coconut fibers arC' superior to all 
others for this pmpose fOl' they are yery light ancl clasti(', and ('x(·C'f'ciin).!:ly 
resistant to ,Yater.. Coil' is also Il,;Nl for bristles for bru,;l!p,; .. doorlllats .. 
floor coverings, sacks, coarse text ile,;, upholstery, stuffing for 1 he hearings 
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of railroad cars, and :1S a substitute for oakum. Ceylon is the center of 
the .commercial production of eoir. In Puerto Hico, coil' is being pre­
pared for use in horticulture :1S a peat suhst it ute. 

}'IG. Ii. Abate, coil', tbe CO:lro(' fibers frolll tlt" hu"k nf the l'o('onut (Cocos IIII('i/cro); 
belau', ~ennit, the rope that is Illa"e fro III it. Sennit is the Illost ulli,·ersall.l· used type of 
cordage in the South Seas. (Collrlts!J 0/ Ihe Bolallical JIIl'CIlIII 0/ Harwrd Ullil'crsity.) 

Pineapple 

The leayes of the pineapple C:ll1allas comoslls), the source of the 
familiar tropical fruit, furni::;h tibers of great strength and fine qualitics. 
They are ~-h-i~l};\l-flitc, \'cry durable and ficxible, and are not injured by 
water. "\Yhen gro\\'n for the fiber, pineapples are planted closer together 
and deyelop longer leD;ves. To be .. value the fibers mu::;t be taken from 
leaves that haye not attained their maximum growth. L::;ually t\\'o-year­
old leaves are cut and the fiber::; scraped out by hand, a delicate and 
expensi\'e process. After being dried and combed out, the Eben; are tied 
end to end and can then be wo\'en. In the Philippine Islands pilia doth, 
one of the most delicate and costly of fabrics, is made from 1 hc:;e fibers. 
Formosa and China also utilize pineapple fiber in making :;1rong fabrics. 

Pita Floja 

The pita fioja plant (Acchlllca lIIu(ldalclIClcJ is a pinpapplelike spceie:-; 
found in dry allU\'ial soils at 10\\' altitudes from southern :i\lexico to 
Ecuador. The long leaves furnish a fiber of superior qualit.y knO\\'1l as 
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pita Jioja or pita. Pita fibers are the basis 01 olle of the most ancient 
and mos~ import.ant nati \'e industrie,; in Oaxaca and are also used in 
Honduras, Costa Ilica, Panama, and Colomhia. The fiber,; arc 5 to 8 ft. 
in length, white or light cream colored, lu,;trous, finer and more flexible 
than other hard fibers, and \\"iih a high tensile strength. Because they 
arc yery resistant. to salt water, pita fibers are used for fishlines, nets, etc. 
They are also frequently utilized for sewing leather. Because of it~ 

peculiar characteristics, its abundance and rapid growth, pita floja is one 
of the most promising fibers not at present in general commercial usc. 

Caroa 

Caro~\ fiber ha~ recently come into prominence as a substitute for jute. 
It i::l obtained from lY coglaziol'ia I'ariegala; a bromeliaceous specie~ of the 
dry, hot, arid areas of northeastern Brazil. The le:1'"os are mechanically 
decorticated and yield a soft, white, flexible, elastic fiber three times a~ 
strong as jute. Carmi 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 bru:-;hes, 
brooms, and whisks. Such fibers must be yery 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 mentiOlied: 

Piassava 

Several species of palms growing in tropical America and Africa are the 
source of the brush fibers that are kno\\"n commercially as piassav:1, 
piassaba, or bass. These trees have leafstalks or leaf sheaths \\"hioh 
yield the stiff, coarse, brown or black fibers used in making brushes for 
street sweeping. 

West African piassava is obtained from the wine palm (Raphia villifera), 
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. ;\_ wine is made from the sap of this palm. 

Brazilian piassava comes from two species of palm found e\'erywhere in 
the lmdands of the Amazon and Orinoco regions. Allalea fUllifera is the 
source of B~~hia piassava. In this species the stiff, \\"iry, brown fibers 
are almost bristlelike. They are rell1lwed from the s\\"ollen bases of the 
leafstalks \dth an ax. Their chief usc i:-3 for the brushes of street-sweeping 
machines and scrubhing brushes, as the fibers are yery durable and retain 
their re~;liency eyen when wet. Para piassaya fibers are produced on the 
margins of the leaf petioles of Leopoldinia Piassaba. They are used for 
brushes ~~nd hrooms, and also for ropes, hats, and baskets hy the natives. 
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Severnl other coarse fibers, snch as palmyra and kittnl fiber, arc clnssecl 
as piassaya in the trade. Palmyra fiber is obtained from the Palmyra 
palm (Borass!!s Jrabcl{zfcr) of the East Indie8. This species is one of the 
most useful of the palms, all parts of the plant being used for some 
purpose or other. The fiber8 arc 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 (Caruola 11rcns) 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 [t::l substitutes 
for horsehair and oakum. 

FIG. 18. Broomcorn plants (Sorvhuill lOlllvarc ,·ar. tcchn;cllm), :;howin~ the comparative 
height of the varieties. From left to right: standard, dwarf standard, ,.nd dwarf. 

The cabbage palm (Sabal Palmetto) of the coastal areas of the south­
eastern U nitecl States yields a nll uable fiber known as palmetto' fiber. 
The best material is obtained ;: um young leafstalks still in the bud. 
Coarser fibers come from mature lea yes or the bases of the oldleafst alks 
surrounding the bud. For over .50 years a Florida industry has proee,,;secl 
this fiber for use as a substitute for palmyra in brushes, especially tho,,;c 
which must remain stiff in hot water or caustics. Up to 1,000,000 lb. arc 
produced annually. Palmetto fibers are a red-tan eolor and 8 to 20 in. 
in length. The bud of this palm is edible, and the roots contain tannin. 

Broomcorn 

Broomcorn is a I'ariety of sorghum (Sarah II III l'lIlgarc val'. fcchll iCIlIll). 

It differs from the other sorghum" in having a panicle with long straight 
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branches. This inflorescenc~ or seed head, is the "brush," the valuable 
part of the plant. Standard and d\mrf forms arc 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 L"nited States broom­
corn is grown chiefly in the l\Iississippi valley. It is harycsted before the 
flo\\'ering season is O\'er by cutting the stems a fe\\' inches below the head. 
The heads are then sorted, threshed, and dried. 

FIG. 19. Broornroot or zaeatoll (J[llhlcnbcraia macrollra). The fibrous roots of this plant 
are used in the manufacture of hrushes. 

The wiry culms of Spartina spartinae, a nati\'e grass of the southern 
Coastal Plain from Florida to ~Iexico, are often used as a cheaper :-<uh­
stitute for, or in combination \\'ith, broomcorn. 1'IIany brooms consist 
of as much as 50 per cent spartina, surrounded by broomcorn. 

Broomroot 

Broomroot or zacaton (Jlllhlcnbcl'gia macroura) is extensiyely used in 
the manufacture of the cheaper hrushes. The plant i" a grass, found from 
T(':;m,.; to Central Amcri('[l, particularly in the mountainous regions of 
~I('xi(·o. It is a perennial specie,.; wit h tuft pel \\'ir~' culms and coarse roots. 
;\,.; the name indic[ltes, t he root s are t he part \1t ilizeel (Fig. HI): - These, nrc 
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dug up at all sea~ons of the yeur by the peons. After wa~hing, deaning, 
and drying, the roots are cut from the tops, graded according to quality, 
length, anci color, and baled for shipment. 

PLAITING AND ROUGH WEAVING FIBERS 

Only a few of the matcriab u::icd for plaited or cOaI'scIJ~ woven artides 
are of commercial importance, the greater number being used in native 
manufactures. The raw materials comprise the stems of reeds, rushes, 
grasses, willmYs, bamboo, rattan, and many other plants, as well as the 
lcaves and roots. These materials are used entire or split. They are 
WO\'en or twisted together in the simplest munner and mucIe up into hab, 
sandals, mats and matting, screens, chair seats, baskets, and similar 
articles. 

Hat Fibers 

In many parts of the Orient and in Europe, \yheat, 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 havc fcw leaves, and thcy 
are harvested beforc maturity. The stems are split lcngthwise bcfore 
plaiting. Thc Leghorn and Tuscan hats of Italy are among the best 
known of the straw hats. 

Panama hats are made from thc lea\'cs of the toquilla (Carllldol'ica 
palma/a), a stemless, palmlike plant \\'hich grows wild in humid forests 
from southern Mexico to Peru. It is cultivated in Ecuador and parts of 
Colombia. Thc Panama hat industry is concentrated in Ecuador wherc 
over 1,000,000 hats have been made in a year; about 1,500,000 hats are 
exported annually. Young lca ycs are collected while t hcy arc st ill folded 
in the bud and treated \\'ith hot \\"ater. The coarse \'ein::i are remo\'ed, 
and the plaits are separated and split length\\'ise into slender strips, which 
are dried slowly and bleached. They gradually become inrolled, forming 
fine cylindrical strancls known as jipijapa.. The hats are woven by hand 
from these strancls. ~\bout six le:1':(," are required to make one hat. 
The best Panama hats arc charae: ·;izccl by their uniformity and finene"s 
of texture, their strength, durability, clasticity, and resist anee to \rat er. 
The so-called Puerto Rican hats are made from the lelLYcs of the hat 
palm (Sabal caHsiarllm). 

Mats and Matting 

Commercial mattingR are made in many of Hw Eastern ('Ollllt.rie:-; from 
various sedges, rushes, and gras~rs. Fsually tlw "talks or Ira\'!'" of the"e 
plants arc used alone, hut thry may he ('oIl1hinp<i \\'ith a warp of ('ott on or 
hemp. ~\mong the principal "pf'cies lit ilized may he ment ioned the 
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Chinese mat grass (Cypcrus tcgctljormi8) (Fig. 20) and the .Japanese mat 
rush (JW1CllS cJlusus). The United States imports several million dollars' 
worth of these products annually. 

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

, 
I 

, .. " ....... :;.: 

I=-==- .~- -~ oo:;::;:'_:"o __ o~ ._ r:; --- - ------ .-~ -.--=::=="' -
~- ==-

F](i. :20. Chineoe mat gra" (Cypcrus [cgctijormis), ,howing a piece of matting aud the raw 
material from which it was woven. 

lea\'cs of these shruhby plants are also used for sugar bags, cordage, hats, 
and thatching. 

Baskets 

The manufarture of baskets from fibers or fibrous materials is an 
industry belonging to both civilized and nath'e peoples. The yurious 
species utilized are too numerous to mention. Roots, stems, le~l\"es, anel 
even woody splints are used. Commercial baskets are usually made from 
rushes, cereal straw, osiers or willmYs, and ash or white oak splints. 
Sweet-grass baskets, made from Hicrochloc odorata, a commOll species in 
swamps along the coast and the Great Lakes, are a familiar sight in 
eastern 1\orth America. Another important source of hasket material 
is the raffia pal ill (Ra.flia pedlincl/lata.), a tree indigenous to ?\Iadagascar. 
Strips of the lower epidermis of the le~l\"es of this palm constitute the 
raffia of commerce. This fiber is so soft and silklike that it can be WO\·eII. 
Its chief Wie i~~ as a tie material in llunseries and gardens. 
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Wickerwork 

Hampers, baby carriages, chah' seats, and even chairs and other light 
articles of furniture may be made from willmn,. Rattan and bamboo arc 
also extensively uscd for these purposes. 

Rattan is obtailieel from several species of climbing palms (Calanws sp.) 
founel in the hot humid forests of the, East Indies and other parts of 
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}'1(;.21. Guadua (GlIadlla anOllstljolia), tj,,· 'nOtit important native bamboo of the northc!"n 
Andes. (Photo b!J Walter II. Hodge.) 

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 Europe and the United 
States. 

Bamboos occur in most tropical countries, but they are especially 
common in the monsoon region of Eastern Asia. They are the largest of 
the grasses, with more or less wooely stems \yhich 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 Al'wzdinaria, Bambllsa, Dendrocalamlls, G1'gantochloa, 
Phyllostachys, and other closely allied genera. The native uses of the 
bamboo are legion for all parts of the plant are of yalue. This is par­
ticularly true of the stems which are extensiyely used for all types of con­
struction. Bamboo is shipped to other countries for usc in the manu­
facture of furniture, fishing rods, implements of yariouskinds, 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. Glladua angustijoliri (Fig. 21) a species ,dth yery 
strong culms, has been u fu"orite material in Ecuador for furniture and 
house construction. In_ recent years, ho\,ie\'ei', more intel'est has been 
aroused. It has been- found that bamboos thrive in. wet soil and are 
easily propagated--by seed or cuttings. In Puerto Rico the production of 
bamboo culms for fU;'niture and fishil~g rods has become a profitable 
business. In ·1947, the output,- was 20,000 lin: ft., obtained chiefly from 
Bambusa 1'111da.__ Early attempts to establish a ))amhoo industry in 
Central America- were hampered by the fact that most of the common 
nati,'e species were ,'eIT-susceptible to insect attack .. Several resistant 
species have now been develol)ed, and bamboo growing shows promise for 

- the future. . -' . . . . . 

'. FILL~G FIBERS, 

-A com:idenible numb~r- a'f plant fil;~rs' are used for ~tuffing pillows, 
cushions, mattresses, furniture, an~l similar articles. These fi.lling fibers, 
as they are usually called, are also utilizecl in caulking the seams of 
\'Cssels, in the manufacture of staff for building purposes, a., stiffening for 
piaster, as packing for bulkheads and machine 'hearings, 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 expensiye, and hard fibers ure likely to be too stiff und 
coarse. The silk cottons constitute the most important source of stuffing 
materials. 

Kapok 

Kapok is without quest.ion the out.standing silk cotton and t.he most 
valuahle of all the stuning mai priak Its use is steadily increasing, 
Kapok is tho flo"" produced in the pods of the kapok tree (Cciba pCllfall­
dm). This sp£'cies, originally confined to the American tropics, is now 
found in Asia imcl Africa as ,yell. It is an irregular trce (Fig. 22) from 50 
to 100 ft. in height, with a huttre"'sed hase and a "'cirel habit of growth. 
It grmy", \'er." rapidly and hegins to hear ,,·hen only 15 ft. high. ..-\. mature 
tree prociures over GOO pocls ancl from G to 10 lb. of the cottony fibers, 
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FIG. 22. "\. kapok or silk cotton tree (Cciba pCl1tal1dra). Note the buttresses and the 
peculiar ha bit of growth. 
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FIG. 23. Kapok pods and" mass of the downy fibers produced in the pods. This is the 
kapok of eOllllllerce, the 1ll0:;! "alliable of the stllffing Itla!erial~. 

The pods ,arc clipped from the branches and usually opened by hand. 
The floss'is removed, and the seeds arc separated out by cent rifugai force. 
The floss (Fig. 23) is from Y2 to 1~~ in. long and whitish, yellO\\'ish, or 
brownish in color. It. is very light., fluffy, and clastic and makes an ideal 
stuffing material for pillows and mattresses. The fibers have a very low 
specific gr::tyity; they are fiye times more buoyant than cork and arc 
impervious to 'Yater. For this reason kapok is valuable as a filling for 
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life preservers, life cushions, portahle pontoons, and similar articles. Its 
low thermal conductivity and its high ability to ah::iOrb sound make kapok 
an excellent material for _{nsulating small rcfrigerarors and for sound­
proofing rooms. It is also used for the liuirigs. of slceping bags, glo\'cs 
for handling dry ice, ~nd in the tropics, surgical dressings, T]re United 
States imports a large amount of kapok chiefly from Java, the Philippines, 
and Ceylon and some hom l\Iexico; During the Second World War, ne\\' 
sources of supply were developcd in Brazil' and Ecuador, Kapok seeds 
contain 45 per cent of a fatty oil which is extracted,ana llsed for soap and 
food purpo~es. 

, Kapok Substi~utes 

Kumerous oth~r plants have seed )raii·s or Hoss which can be used as a 
substitute for kapok. ' The red silk cotton or simal (Salmalia malabarica), 
a very large and oi-namental hee, supplies a reddish floss knowil as Indian 
kapok which has: been. an important stuffing material in India for cen­
turies. Tlie white' silk cotton (Cochlosperlllllln rcligiosllln) yields a kapok­
like fiber of considerable imilOrtance. It is a handsome tree natiye to 
India and no\\' widely cultivated in the tropics. This species is one of the 

• sources of kadaya gum. 
The madar (Calotropis gigantca) and the closely related akund (C. 

proccra) , shrubs indigenous to 'Southei'n Asia ,and Africa, i)l'oduce a silk 
cotton of SOn1~ importanc·e.: .These species are 110~\' being cultiyatpd in 
South America and the·-"{ est Indies., Although much inferior to kapok, 
this pro'duct; ~s freCIucntly used in mixturcs with kapok.. ' 

In Mexico;, 'the pochotes (Cciba aesculzJolia, C. aculllillata, and rel~ted 
species) yiClda silk cotton fully eCIual to kapok in buoyancy and resiliency. 
The South American palo borracho (Chorisia illsignis) and samohu (C. 
spcciosa) also yield liuge quantities of a glossy, white silk cotton with 
kapoklike properties. '" 

Several of the milkweeds, all of \\'hich have silky hairs on the seeds, are 
used as a source of stuffing materials. Milbyeed fiostl, one of the lightest 
materials, is exceedingly buoyant and is a perfect insulator. It was 
exploited during the Second World ~\Yar as a substitute for kapok. The 
pods cOlltain an oil and a wax \\'hich are of potential importance, and 
some species yield textile fibers. In the United States, Asclepias s!Jriaca 
und A. incarnata produce the best and most abundant floss; in tropical 
America, A. ~uras8avica is valuable. 

The heads of the common cattails (Typha latzfolia and T. angusllJolia) 
yield 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 t~le straw of cereals and other grasses, corn husks, and two 
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products of considerable commercial importance, Spanish moss and crin 
l'cgClal. 

Spanish moss (Tillalldsia lIsllcoidcs) , a conspicuous epiphyte of the 
Southern states, is all excellent substitute for horsehair after it has been 
processed. The plant is pulled from the trees with rakes 01' hooks, or it is 
collected from the ground or water. It is then cured (fermented) in 
order to rot off the gray outer co,'ering and ginned to remm'e any impuri­
ties. The prepared fiber is brown or black, lustrous, and very resilient. 
Some 10,000,000 lb. are produced annually in the United States for usc 
in upholstery and for automobile and car cushions, 

Crin vegetal is the term applied to the shredded and twisted fibers from 
the leaves of the dwarf fan palm (Challlacrops lllllllilis) of Northern Africa 
and the Mediterranean regIOn. The L nited States imports seyeral 
thousand tons annually. 

NATURAL FABRICS 

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

Perhaps the best knmyn of these bark cloths is tapa cloth, which con-' 
stituted the chief clothing of the nati\·cs of Polynesia and parts of Eastern 
Asia until half a century ago. This material is obtained from the bark of 
the paper mulberry (Broussonctia pap!ll'1fcra), Strips of bark are peeled 
off the trunk, and the outer coating is scraped off "'ith a shell. After they 
ha\'e been soaked in water and cleaned, these strips are placed on a log of 
hard wood and pounded with a mallet. The illdiyidual strips arc united 
by o\'erlapping the edges and beat.ing them together. Depending on its 
thinness the finished procluct \"arics in appearance from a muslinlike 
material to a leathery one. Tapa cloth is often dyed. 

Similar bark cloths ha\'e been manufactured from different sources 
by the native peoples of many other parts of the world. The South 
American Indians used the tauary (('ouratari Tallal'i) and other species of 
the same genus. In l\Iozambiqw a wild flg (FiclIs Nel,'ulIdll) is used as 
the source of the native mutshu cloth. A common bark cloth of Ceyloll 
and :.\Ialaya 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 Lagctta lhltcaria, a small 
.Jamaican tree. The inner bark is removed in sheets and can be stretched 
into a lacelike material '\'ith pentagonal meshes. This is suitable for a 
number of textile and ornamental uses. 

Cuba bast is obtained from Hibiscus clatlls, 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. 
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The ,-egetable sponges (Li(,.f/~ cyJz:zu/l'ica and L. a9Jldl~[Jl~la) (Fig. 2·1) 

yield a unique fibrous matel'ial."', r~1'r1J.:W:tl~n!billffii(,i\t[~_fril):crs'of the tropies 
bear edible fruits that contain a lacy n~t\\J6i'k~Ji,:_!'HfI curled fibers. This 
skeletal material is ext meted by retting in water. After cleaning, it is 
used for making hats, for washing and scouring machiner~', in certain 
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FIG. 24, The vegetable sponge (LlIfJa aClItan{]lIia). The edible fruib yield a unique 
fibr_?us lllaterial. (Courtesy of the Botanical l1JllSClInl of Harmrd Unitcrsily.) 

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 fiben; is in the manufadure of paper. Ho,yeyer, 
since it is the cellulose present in the fiber, rather than the fiber it:oelf. 
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 arc an exeeption. The organic 
materials utilized are cellulose; proteins, both animal and yegetable; and 
synthetic resins, such as nylon, which is made from soft coal, ,,-ater, and 
mI'. The cellulose fibers ,,-ill be considered "'ith other cellulose products 
in Chap. X. The protein fibers arc at present of only minor importance. 
Although they ha,-e many of the general properties of \\-001, their low 
wet strength is a detriment. Soybeans, peanuts, and corn are the chief 
plant sources of protein fibers. 



CHAPTER III 

FOREST PRODUCTS: WOOD AND CORK 

FOREST PRODUCTS 

The products of the forest haye been of service to mankind from the 
very beginning,; 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 \yell knmyn to everyone. \Yooe!, 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. 1\Ioreover the 
seeds and fruits of many trees often serve as food for man or beast. 

1\" ot 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 \mter. Their 
deep roots hold the soil firmly in place and so eheck erosion. Again they 
may act as shelter belts against drying winds. In addition forests 
afford a range for li\'estock, a shelter for wild life, and offer many recrea­
tional aspects for man, the importance of \vhich is just beginning to be 
recognized. 

Our diseussion of forest products, as such, \yill be limited to \yood and· 
cork, \\"hich \\'ill be treated in the present chapter. The other useful 
materials obtained from trees \yill be considered in later chapters together 
\vith similar economic products from other sourees. 

THE IMPORTANCE OF WOOD 

From the earliest time clothing, shelter, and food ha\'e been the three 
great nece:isities of mankind. ,"Ve have already discussed in Chap. II 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 construc­
tion of his rude shelters, but \\'as able, even with the erude "tone imple­
ments at his disposal, to fashion dugout canoes, implements, and utensils 
of various kinds. At a later period \\'hen metal tools became available 
the uses of wood increasecl greatly. 'Vhen we "top to consider that from 
the dawn of history to the middle of the last century all ships were made 
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of wood, the influence that this material had on the course of history is 
obvious. If no 'wood suitable for seagoing vessels had existed, the great 
voyages of exploration, the colonization of the newly disco\Oered 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 rene\yed. 
,y ood has many other ael vantages over the metals. It is the most readily 
available of all raw materials, and \\"ith 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. ,Vood is very strong for its \Yeight, and in its com­
bination of strength, elasticity, and toughness it has no riyal. 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 :1bove statements 
th:1t wood is superior to metals in every respect, for it does have certain 
yery definite disadvantages. In addition to the more familiar uses of 
wood, modern developments in the field of \yood technology ha\Oe made 
it possible to convert \yood into such diYerse products as textile fibers, 
paper, soap, cattle feecl, 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 cambiuln. This tissue is responsible for the growth of stems in thick­
ness through the formation each year of new layers of both wood and 
baric 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. 'Yood is a heterogeneous tistiue com­
posed of several different types of cells, some of \\"hich have the function 
of mechanical support and others that of conduction. In the soft,,·oods, 
as the woods of gymnosperm origin are commonly called, both these 
functions al"f' normally carried on in cells known as trachcids. In the 
hard\\·oocls, which comprise woods of angiosperm origin, on the other 
hand, a diyision of labor usually oceurs. l\Iechanical support is furnished 
by the se\'erai types of wood .fibers, which make up a large part of the 
woody ji~sue, ,,·hile conduction of water is carried on in tubular cclI 
fusions known as vessels. Tr[Lcheids also may occ:1sionally be prcsent. 
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A third function of the wood elements, the distribution and storage of 
carbohydrate food, is carried on in t he thin-walled lwrcnchyma cclls. 
The:;e are the only components of wood which can be :;aid to be alive and 
\yhich contain protoplasm. They may be wooel parenchyma cells, \\"hich 
luwe a yertical 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 yaluablc diagnostic characteristies for 
the identification of woods, besides making possible the distinctive fea­
ture::; that arc of commercial importance. Among the gross morpho­
logieal characteristies that are of yalue in di::;tinguishing bctween woocb 
may be mentioned pore:;. early wood and late "'ood, growth ring::;, rays, 
sap"'ood and heartwood, and grain and figure. 

P01"OUS awl ~YOllpO/'OI/S Woods. The presence or absence, and the 
nature and arrangement (as seen in cross section) of porcs, "'hich are cross 
seetions of Yessels, sen'e as a ready means of classifying \yoods (Fig. 25). 
Coniferous woods, in which vessels and conseq uently pore::; are typieally 
absent. are elas::;ecl as nonporolls woods. The porous woods eomprise the 
llUrcl\\'oocb, and two distinct t:\'pes are recognizable. In some woods, 
like ash, elm, hickory, and oak, the pores seem to be arranged in con­
centric circles, the outer and inner portions of \yhich differ with regard to 
the number and size of the pores. This condition is due to the fact that 
hU'ge ,'essels are formed at the beginning of each season and smaller onc::; 
later on. Such "'ooeb are termed rillg-pormls. In other ,Yoods, like 
becch, birch, maple, and walnut, the pores arc all small and approximately 
of the same size and t hey are scattered uniformly through the wood. 
These are the di.tJlIsc:-]Jorolls ,,·oods. ' 

Early Wood alld Late Wood. In temperate region:; new "'ood is formed' 
eaeh year during a limited growing ::;eason and definite growth layer::; 
result, "'hich w:mally sho,,' t\\·o distinct areas within each layer. In the 
spring when grO\\"th is resumed, the first wood to be formed contain::; 
many large and relatiyely thin-walled cells, in re::;ponse to the greater 
need for conducting elements. Thi::; i:; the early \yood, or ::;pring wood, us 
it has been called. As the ::;eason progres::;es a denser type of wood is laid 
down \dth smaller, thicker \\"alIed cells, the so-called late wood, or summer 
wood. A::; n result of this there is a sharp transition bet ween the cells 
produced at the end of anyone gro\\'ing season and those formed at the 
beginning of the succeeding one. This gives ri:-;e to "'hat appear in cross 
section as conccntrie rings. known as grOWl II rings. The growth ring of a 
single year is called an annnal ring, and the nllmlwr of these allnual ring,.; 
gi,'es an indieatioll of t he age of I}\{' t ]'P('. Tnt he trnpi('" "'here growl 11 
may be continuou::; throughout the year, grO\\"th ZOI1('''; may ()('('m, hut 
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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 ate oriented at right angles to the main axis of the stem. 
They yary gr'~atly in width, height, ancI arrangement. Although "isiblc 
in a eros" 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 
nLluahle diagnostic features in the yariety of their form and arrangement. 

Sapwood (lwl Iica!'iu'ood. Although at first all the cells in wood are 
physiologically active, sooner or later many of them lose this property 
and become mere skeletons, selTing only to give strength to the tree. 
Eyentually t\yO distinct areas develop-a light-colored outer region of 
varying width, the sapwood; and a oarker inner region, the heart\\·ood. 
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 heart\yood often become highly colored and yery resistant to 
decay, owing to the deposition in them of nLrious gums, resins, or other 
waste materials. Such heart\yood is usually capable of a high polish, and 

is in great demand in the cabinetmaking, furniture, and other high-grade 
\yood\\'orking industries. Although heart\yood i" usually quit e dist inet 
from sap\yood in appearance, durability, and other properties, it may not 
always be so clearly diiIerentiatecl. 

Grain and Figure. Grain, figl 1 rc, and also texture are terms that arc 
likely to be used in a more or less confu,.;ing manner. Strictly speaking, 
texture refers to the relative size and quality of the variou,.; wooel elemenb, 
while grain refers to their structural arrangement. Figure, on the other 
hand, applies to the design or pattern that appear,.; on the surface of 
lumber, and may be due to the kind of grain, the presence of eoloring 
matters that have penetrated 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 paralld t () t.he main 
axis of the stem. Where they are spirally L\\"i"ted about the axi,.; tlwy 
constitute spiral-grained \Yooel; and when the longit uclinal course of the 
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elements is slightly undulating, wavy grain (Fig. 2G) results. Curly 
grain is due to variowl irregularities of growth and a di\-ersity of causes. 

The attractive and distinctive figures which wood often shows and 
,,"hich make it so valuable for decorative purposes are due chiefly to the 
different types of grain in combination \\"ith the rays, rings, sapwood, 
heartwood, and the many other cell arrangements. I t is po::isible 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 sa\\"ing the wood is cut at 
right angles to the rays and tangent to the rings. Both quartersa\\"ed 
and plain-sawed wood have their own desirable qualities. Occasionally 
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FIG. 27. Figure in snakewood (P;ral;ncra (JIliancIlsis). The streaks of coloring matter 
that IUl\'e 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 
penet rated the tissues and which may occur in zones or streaks. In the 
case of snakewood (Fig. 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 iti') usefulness and suitability for various purposes. 
These eharacteristics difTer in different species and even in indi\'idual 
trees. J\Iany tests ha\'e been devised to determine the exact nature of 
the properties that any specific \yood may possess, for this information is 
essential for the consumer. 

The mechaniczl~ properties of \yood are those properties which enable it 
to resist "arions ('xternal forces that tend to change its shape and size 
and produce deformations. These external forces induce internal resist­
ing forces, known as stresses, in the wood. \Yhen the latter exceed the 



58 

force of cohesion among the wooel clements, some sort of failure occurs. 
Among the more important mechanical properties may be mentioned 
strength, stiffness, toughness, hardness, and cleuvability. 

Strength. Although strength is sometimes used to mean all the 
mechanical properties of ,,"ood, it should more properly be restricted to 
the ability to resist certain definite forces, such us crushing, pulling, and 
shouTing. 1\loreo\,er the word should always be modified to indicate the 
speeifie type of resistanee im"oh"ed. 

Crushing Strength. Crushing or compression strength is tho resistance 
offered to forces that tend to crush wood. These fmees may be applil~d 
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 case of railroad tics. The 
maximum crushing strength is endwise. 

Tensile Strength. Tensile strength is the resist ance 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 oceurs 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. 'IYood 
is more resistant to a perpendieular shear. 

Cross-breaking Strength. The cross-breaking, or bending, strength of 
wood is usually applied to beams or other pieces of timber that arc sup­
ported at both ends and loadee! bet\\"een these points. The st.rength 
im"oh"ecl is the resistance to forces that cause the beam to break, and all 
the aboye-mentioned forces arc im·oh"ecl. The upper part of t,he beam is 
under compression, the lower uncler tension, and shearing also plays a . 
part. Because of its greater ten"ile strength, a beam fails first by com­
pression, or buckling, 011 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 nl""L important factor in determining tlw 
value of any specirs for ,;tructural purposes. It is a ';ery "ariahiP 
property, howeyer, and is influencecl by the density of the \\-ood, t 118 
moisture content, the presence of clefects, and many at her fael Ol":-i. Tlw 
relationship between demit}' and strength is particularly close, so mw·h 
so that density is considered to be the most satisfactory criterion of 
strength. Longleaf pine, larch, hickory. sugar mnple, and white oak are 
among the stronge,;t ntl t i ye woods. 

Stiffness. Stiffm',;,.; i" the llH'a,.;ure of t hf' a hilit~· of wood to re,.;i"t for(,es 
that tend to change its :ihape-in ot her word,;. its caj):\('il~" to with,;j and 
deformation uncleI' a bending ~jrnin. This is ofteIl ("()lltrao:led "'jlll 
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flexibility, which is the ability to bend \\·ithout. hreaking and which 
in\,oh'es toughness and pliahility. 

Toughness. Toughness is \lspd in s(~\'eral senses, hut it is usually con­
sidered to mean the ability of \\'ood to absorb a large amount. of energy, 

• and so resist repeated, slHlden, sharp blows or shoeks. It is really a 
combination of other properties. A tough wood is hard to split, and, 
although it may rupture, it docs not break readily, 

Hardness. Hardness is the measure of the power of \\'oml to resist 
indentations, and also abrasion and wear. It yaries with the density anc! 
determines the ease with which wood can be sawed or cut. 

Cleavability. Cleantbility is an expression of the ('a.~e \\'ith ,\'hich 
wood can be split. It is a partil'ularly desirable quality in the t':l:;e of 
firewood, and eqnally undesirable when \yoocl must be able to hold nails 
or screws. 'Vood tends to split more easily along the rays and when it is 
straight-grained. 

FACTORS THAT INFLUENCE THE MECHANICAL PROPERTIES OF WOOD 

Although tJlCre are many factors that influence the st.rcngt h, hardness, 
and other properties of wood to a greater or less extent, space \\'ill Iwrmit 

. the mention of 'only a fe,\' of the more important ones, sueh as densit~" 
moisture, and a fOIl' of the defects. 

Density. Differences in density-the ratio of the mass of wood sub­
st~mce to its bulk-are among the chief causes of variations in the 
mechanicul properties of ,Yooel, It has already been pointed out that, 
because of the close relationship bebyeen the two pl'Opertie:;, the density 
of any wood may be considered the best indication of its strength. 
Density is usually expressed in terms of specific gI'QI'ity, ,,'hich is relative 
density. 'Yherens density is merely the \\'eight of a unit volume of any 
substance, and is expressed as weight pCI' cubic foot, specific gravity is 
the ratio between the \\'eight of the substance concerned and that of an 
equal amount of pure ,,'ater. 

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 he[\,\'ier than \Yater, \\'hich explains the faet that a 
piece of ,yood sinks as soon as the air in the cavities has been replaced by 
water. The variations in density, ho\yever, \\'hich are to be noted in 
different species, incii\'ieluals, and e\'en parts of the same individual, are 
due to differences in the actual amount of \Yo ad tiubstance pre:;cnt-in 
other words; to the amount of cell-\\'all material as compared with cell 
ca\'ities. ~W oods ,,:ith thicker walls and smaller ctwities arc denser and 
heavier, while the more porous woods with larger cavities and thinner 
walls an· lighter and less dense. 

The specific gravity of wood may be cletprmined in Rcypral ,,'ay~, hut 
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IIsually the ,,'eight is calculated from oven-dry material, and the volume 
i::; mea::;ured "'iih the wood in any cle::;ircd conditioll, HO\\'e\'er, since the 
1110i::;(urc content of green, partly ::;ea::;olled, and ::;ea!;oned \\'ood is quite 
different, and ::;inee thi::; differellce materially affects the !;pecifie gravity, 
it is oIn'ions that figures for specifie gnn'ity mean little nnles!; the condi­
tion of the wood undcr which the calculations \yere made is I'ltated, 

Since the amount of actual \\'ood ::;ubl'ltance has snch an important 
bearing on the density of a piece of wood, it might ue assumed that 
he:1\'ier woods are necessarily stronger. This is not always the case for 
the presence of gums, resins, or other infiltrated substancetl and also the 
amount of water may affect the \\'('ight \yit hOllt altering the st rength. 

Oak, hickory, persimmon, and osage orange arc among the heaviest 
native woods. It is often ::;tated that tropical woods arc hC:1.\·ier than 
temperate \\'oods. That this is not the case is C\'idenceel by the fact that 
both lignum vitae, the hel1\'iest commercial \\'ooel, and balsa, the lightest, 
arc products of the tropics. 

Moisture. ,Yood a[\\'ays contains more or leo;8 \\'ater, the amount in 
green \Yood Ylll'ying in different species and under different conditions 
from as 10\\' as .f0 per cent to as high as 100 per cent or more of the dry 
weight. The \\'ater in wood occun3 in the cell cavitietl or in the cell \yalls, 
in \yhich case it is known as hygroscopic lealer. The amount of hygro­
scopic water necessary to saturate the walls is called the fiber-saluralion 
point, and constitutes from 20 to 35 per cent. of the dry \\'eight. The 
variation in the amount of water that may be present in \\'ood is due to a 
number of causes, and is made possible by a characteristic property 
inherent in the wood. This property, which is knmYl1 as hygroscopicity, 
is the ability to absorb or give ofT \\'ater under difIerent conelit.ions, \yith 
an accompanying s\\'elling or shrinking as the ease may he. 

As already stated, the moisture content of wood has an in1portant bear­
ing on its \\'eight, 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, hO\\,ever, the amount of water is 
brought belo,,' the fiber-saturation point through evaporation, then the 
strength and other mechanical properties as \yell arc ('hanged. This 
means that it is only the loss of hygroscopic water which is responsihle 
for the increase in strength that accompanies seasoning, as the drying out 
of wooel is called. This loss of hygroscopic water causes the wood to 
shrink, owing to changes that take place in the cells. As the \\':1ter pastles 
off, the \yalls contract, the cells become more closely compaeted, anel the 
fibers become stronger and stifTer. This tendency of wood to shrink as it 
dries is one of the great drawbacks to its use. The amount of shrinkage 
\'aries greatly under different conditions, and it is likely to occur unequally 
and unevenly. ,Yooel, 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, shake::;, and other defects may 
develop, which tend to counteract any increase in strength. In spite of 
these shortcomings, however, dried 01' 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 proce::;s as far as possible. 

A.rtificial Seasoning. The t\\'o chief types of artificial seasoning are air 
seasoning and kiln drying. In air seasoning, the moisture is remo\'ed by 
exposure to air \Yithout resorting to artificial heat. It is canied 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 \\'eight, the amount of shrinkage, and possible 
defects; to render the \\'ood less subject to decay; to increase its strength 
and combustibility; :tnd to prepare it for painting, presClTati\'e treat­
ment, and kiln drying. 

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

Defects. 'fhe mechanical properties of \\'ood 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 di\'ersity of 
causes. Some of them may be normal characteristics, but ones which 
limit the usefulness of wood. For example, wood is dimensionally 
unstable; it s\\'ells, \\'arps, and checks \yith changes in humidity and 
temperature. Its strength is unidirectional in that it is strong \\'ith the 
grain and weak across the grain. These disad\'antages may be O\'ercome 
in part by the use of ply\\'ood, \\'ood alloys, or reconstructed \yood. 

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 Damrzge. The damage to wood resulting from insect injuries is 
far greater than IS usually realized. amonnting to ahout S9,000,000,000 
annually. All sorts of \\'ooel from standing; timher to lumber and wood 
proclue1" may be attacked. Holes produced by wood-boring insects 
constitute the chief type of injury. Insects are most destruetiye when 
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in the larnll stage. In Tecent years the myages of termites, or "white 
ants." h~we been increasingly serious. 

Decay. Decay in wood is caused hy fungi. Four eonrlitions arc 
essential for the de\'dopment of these lower plants. C n\e::;s a favorable 
temperature, sufficient moisture, at kast a small amount of oxygen, and 
an adequate food supply are available, fungous decay eloe::; not occur. 
The fooel supply is fUl'llisheel by the cellulose and lignin in the cell ,mIls, 
and i::; made :wailable by enzymes, \I-hich arc sec.:rcteel by the fungi. The 
so-called brown rots remo\'c the cellulose, leaving behind a brittle brown 
mass of lignin compounds; the ,,,hite rots utilize the lignin anclleaye the 
,,,hite ccllulose behind. Still othel' fungi are able to utilize both cellulose 
anel lignin. 

FIG. :!~. ~\_ ereo~otillg plallt in the Ilui:,-' ('r()~:-; Kationat Forest, Coloradl), ~l)JlOto hy 
U.S. Pured Sert,lcc.) 

"Wooels yary greatly in their natmal resistalH:e to deea~'. This property 
is knO\nl as durabilit!J, and i:-; :-;0 important that it alonG llla~' determill~ 

the ultimate usc of wood. espccially in the casc of posts, poles,. mine 
timbers, etc., ,,,hich arc expo,.;ed to moisture. Sap\\-umi deeay" more' 
reaelily than heart\,-ood, for the btt el' often cont ains resin,;, g;lllllS, 
tannins, and other substanees that resi,;t fungou:, act i\·ity. Sca,;()ned 
wooel is also less apt to decay hel':lu,.;c of the lowpr moist \Ire cont ent. 
Among nati\'e '\-ooeb that are nat urally ,'cry d\lrable may be mentioned 
the cedars, rethn)od, cyprc.-;s, osage orange, and lo(:u"t; the lea,.;t durable 
wooc],.; incluele basswood and habam fir. 

Since the greate,.;t p()s,.;ihl(' durahility of ,\'Clod and wood products is 
highly desirable, it i,; fn'<[l\('ldly th<' pradi('c to l"PIHlcr tIl<' \\'ood more 
immune to decay by treat ing it \\'it h pn':'l'n-at i \'f''; t lia t are p()i~'()no\ls t () 
fungi. This proc<'s::; of lClJod 1)/'r.'I'ITo{iOIl has dl'velopc'i inl.o a consider-
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able indm;try in recent years (Fig. 28). Various chemicals are lls(>cl as 
preOiC1Tati\'e agenti5, chiefly creosote, a coal-tar product; and zinc chloride. 
The methods used are brushing or spraying the surface, dipping ill open 
tanks, and yariollOi prCOiOiure processes that make possible a deeper penetra­
tion of the liquid::;. 

THE USES OF WOOD 

The uses of wood are so many and so nll'ied that it will be impossihle to 
discuss them at length \Yithin the limits of the present yolume. It \\'ill 
also be impracticable to cite definite figures regarding the amount of 
\Yood and wood products utilized, since conditions Ymy so much from 
year to year. Anyone desirous of obtaining such figures may do so from 
government reports and other sources. For purposes of comparison, 
ho\\'e\'er, some such data are desirable, and consequently reference will 
be made to a few of the figures published in Zon and Sparhm\"l\:'s "Forest 
Resources of the ,Yorld." According to these authors the total annual 
consumption of \yood in the world amounts to 56,000,000,000 cu. ft.. - Of 
this amount 28,000,000,000 cu. ft. (50 pel' cent) is used in ~ orth America, 
17,000,000,000 cu. ft. in Europe, 8,000,000,000 cu. ft. in .. \sia, 2;500,-
000,000 eu. ft. in South America, and the remainder in Africa, Australia, 
and Oceania. The United States uses about 24,000,000,000 cu. ft. The 
per capita consumption in 1\ orth America is 188 cu. ft., a figure fiTe times 
gr~ater than that for any other continent. For the United States it is 
228 cu. n. This is significant when c;ompared \yjth Great Britain's 15 
cu. ft., France's 26 cu. ft., and Germany's 27 cu. ft. It must be stated, 
however, that in other countries where the forests are still abundant the 
per capita consumption is even greater than in the t-nit.ed States. 

In view of the fact that a great deal more \yood is cut ill the ~nited 
States each year than is replaced by normal gro\\,th, it is obvious that 
the present mte of consumption cannot continue indefinitely. This docs 
not mean necessarily that all the forests arc doomed to extinction. There 
is eyery reason to believe that under proper management and with ade­
quate methods of conse1Tation in the future, together with an intC'grated 
forest industry, there is sufficient potential forest area in the l~nited 
States to supply all our needs. Our policy should be to grow more and 
\yaste less. 

It has been estimated that during the next five years the rnited States 
\yill use 14.593.000,000 cu. ft. of ,yood 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,OvO.OOO 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 
accollnt the potential and highly desirable utilization of large quantities 
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of ,yood and '\'ood ,nuite as the :::;ource of the Illany produets made avail­
able by modern '\'ooel technology. 

FUEL 

Fuel is one of the great neces:::;ities of modern life and it is indispensable, 
both in the home aIHI in indu:::;try, as a source of heat and power. Any 
material that burns readily in air can be utilized, and a great "ariety of 
plant products are so used. The most important of these are wood, peat, 
anel coal. ,yhich repre:::;ent different st.ages in the carbonization of the 
original plant tissue. 

Wood. Even 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 wooel lots 
and other local sources. It must amount to -10,000,000 to 50,000,000 
cords. Fl1rms and rural communities account for 90 pel' cent of the total, 
'\'ith the Southern and 'Western states using more than the rest of the 
country. The extensive use of wooel for fuel does not represent a propor­
tional drain on the forest resources, for much '\'aste material i:::; u:::;eel, as 
well as wooel unfit for other purposes. 

,Yooel makes ail excellent fuel since it is 99 per cent combustible when 
perfectly dry, and so lea yes only a small amount of ash. It is also a 
flaming fuel and ,,'ell adapted for heating large surfaces. The yalue of 
any particular wood for heating purposes depends on the amount of 
moisture present; tlms :,;casoned '\'ooel is ob"iously better than green 
wood. Hard"'oods ha"e the greatest fuel "alue, especially such woods 
as hickory, oak, beech, birch. maple, and a:::;h. In the South longleaf pine 
is used, "'hile in the W e:::;t favorite species include Douglas fir, western 
yellO\\' pine, ,,'estern hemlock, and western larch. 

Peat. Peat consists of deposits of vegetable matter ,yhich haye 
accumulated in bogs and swamps and slowly decomposed, becoming 
somc,,'hat carbonized and compacted (Fig. 29). The ,·m·ious· plant 
tissues can still be made out. The process of peat formation is con­
stantly going on. Peat is a ,'aluable fuel in countries ,yhere ,yood is 
scarce. It is more bulky to handle, andlea"es from five to fifteen times 
as much a:;h. 

.\t the 100yest depths 
lignite, may be found. 
,·isible. 

of some peat hogs a soft brown coal, known as 
This also has the original plant structure still 

Coal. Coal compriscs the fossilized remains of plants that liyed in 
former geological periods. The original plant tis:;ue has heen more fully 
decompo:;ed and com'crted into carbon. Coal is much harder and more 
compact than peat or lignite, and has a greater heating pO\\"cr. 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 morc 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 hums "'ith 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, '\'hich are obtained by destructive 
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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 ,yood. 
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. Crude petroleum has many uses, but the substances 
derived from it by fractional distillation are even more important. 
Among these products may be mentioned gasoline, kerosenc, pctroleum 
jri1:-.'. and paraffin, 
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L1T~mEn 

~Woocl, in the form of lumber, has been used for huilding; purposes and 
other t YIlC" of construction from coloni~tl elay". This demand for lumber 
led to the establishment of a lumber industry at an early elate. The first 
sawmill \\"as started in ~Iaine in lf131. From this beginning there has 
gradually c!e\'elopcd a lmgp industry. The total output is around 
40,000,000,000 boare! fpet annually. a figure larger than that of any othpr 
na tion. 

?lIan ,,"as quick to take ad\'antage of the grosspr physical charaeter­
istics of ,,"ood. A tree which has been felled and trimmed is a ready-made 
struetural component "'ith compressiye strength and stitrness and can 
be utilized directly for posts, poles, mine props, and rough construdion. 
By proper sawing in the direction of the grain, ho\\"eyer, these charader­
istics can be carried O\'er into the nlrious shapes of lumber, ""hich, in 
addition to being light in weight compared with their strength, are easily 
shaped to dimensions and assembled and haye good insulating po,,"ers. 

The term" lumber," as generally used, means wood that has ])('en 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, 
ho\\"e\'er, is also frequently used for the forest trees themsplyes. The 
standard unit of measuring lumber is the hoarel foot, \\"hich is the equiy­
alent of a piece of wood 1 in. thick, 1:2 in. wiele, and 1 ft. long. 

The Lumber Industry 

During the long history of the lumber industry 111 the l-nitpd Statps 
there haye been many changes in the location of this industry, in the 
specips utilized, and in the actual woods operations. 

The center of the industry has always been in a region where large 
stands of virgin timber ,,"pre uyailable. Until 1830 ;"Iaine \\'as the 
principal lumber-producing state, and for the next ·10 years 1\ ew York 
and Pennsylyania led. By 1870 the center had shifted to the, Lake 
States, \yith first Michigan andla ter \Yisconsin assuming the lead. From 
1910 on, the Southern states became the leaders, wit.h southern pine 
replacing the northern harchyoods and ,,'hite pine. 110re recently tlw 
center has mo\'ed to the Pacific X ort h,,'est and is utilizing the imnwn;o<c 
stands of Douglas fir and other soft,,"oods. At the present time the 
Southern fitates as a group still produce the most lumber, although 
~\Yashington ane! Oregon arc the leading incliyic!ual states. The Xorth­
western states must e\'entuall~' as:mml' thl' leadership, for oyer half the 
remaining timber finppl~' is locatl'cl in this rpgion. 

Since the beginning of the lmnber industry somc 150 nati\'c specics 
ha \'e been utilized. The soft,,"onrls, ho\yeyer, haye furnishpd a hou t 78 
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per cent of all the lumber cut. For many years the eastern white pine 
was the ouU;tanding 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, \\"estern yellO\\" pine, oak, hemlock, white pine, and reel gum, each of 
which yields more than 1,000,000,000 board feet of lumber. The flrst 
t\\"O of these, hO\\"eyer, produce twice as much as all the others together . 
. Many woods that at one time \\"ere considered worthless are of com­
mercial importance today. Examples include red gum, sycamore, beech, 
and tupelo. 

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

The Utilization of Lumber 

K ormally 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 
\\"ood\\"orking industries. 

Export Lumber. The exporting of lumber has been an important item 
in American foreign trade since the early days of l\ew England,· and it 
increased in amount until the First 'W orld ·War. Great Britain and the 
,"rest Indies have been good eustomers, and in recent years there has 
been a eonsiderable export business \\"ith l\Iexico, se\"eral of the South 
American countries, Australia, 1\ ew Zealand, Germany, Italy, China, and 
France. 

Structural Timbers. Structural timbers are the large sizes of lumber 
that eome from tbp sawmills, and are used for bridges, lmildings, and other 
types of heavy ("r)l1struction. They inc-Iud(' l)('ams, girders, string('rs, 
posts, joists, rafters, planks. eaps, sills, and hoards for sheathing, roofing, 
and flooring. Before woodcn yc,.;sels ,,"ere r('pla('Pcl to such an px(pnt by 
strel vessels, immense quantities of heavy timhers ,,'('r(' \Is('d ill ship-
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building (Fig. 30). Structural timbers are obtained chiefly from thc 
softwoods because large sizes are more reaclily 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 stres[;es 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 characterist.ics. The .principal species used 
In the l~nited States for structural timbers are southern yellm\" pme, 

- \ 

[ . .. i : . ' .. ' ... _ . ,.-.j:;:. '(~;~ 
r' "tji ,~. ·",,~ .. ;,,~wV~~ ~ 
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FIG. 30. Structural timbers u,ed in shipbuilding. (CollrteS!} of S . .T. Record.) 

Douglas fir, hemlock, eastern white pine, western ycllO\\' pinc, spruce, 
larch, and redwood. 

Planing-mill Products. Planing mills, which are often assoeiatc(J with 
sawmills, use a large amount of lumber representing some GO 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 arc 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 "amish. The 
cheaper products are made from \,"hite pine, yellow pine, Douglas fir, and 
other softwoods. For the more expensive products, oak, birch, reel 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, scroll\York, porch ,york, 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 \yoods chiefly utilized are maple, beech, 
birch, oak, tupelo, and yellow pine. 

'., 

FIG. 31. Sandin;:>;, the last process in the manufacture of doors, ail important prodw·t of 
plallill~ mills. (Reproduced by permission from Atwood, United States among the Xaliolls, 
Ginll alld Company.) 

Other Woodworking Industries. \Voodworking 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 
\yill 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 Crates. 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 \yell as a large amount of veneers 
and tim her 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. Lowcr gradcs of softwood lumber and the 
softer hardwoods are used. The chief speeies utilized are southern pine, 
western yellow pine, white pine, red gum, hemlock, and spruce. 

FlIrniture alld Fixtures. 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 bass\\'ood are also used. A large 
number of imported woods that have attractiye color or figure are utilized. 
Altogether some GO 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 co\"er 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, 
etc.; the sides and roofing; and the interior finish require different kinds of 
woods. 

Yeh1·cles. 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 
replaced wood in that industry. The annual consumption of wood in 
vehicle construction is still about 1,000,000,000 board feet. l\hple, red 
gum, and oak supply about half the amount. The different parts of 
"ehicles 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 qup.iltities of softwoods are used by automobile manu-
facturers for crating purposes. . 

Olher 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, \voodenware and nm'elties, 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, boot and shoe findings, shade ancI 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, saddlcs and harness, gates and fencing, butcher 
blocks and skewers, bungs and faucets, firearms, scales, elevators, whips, 
canes and umbrellas, tobacco pipes, and artificial limbs. 

POSTS 

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, 
mllst be at least 600,000,000. Fence 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 Vtuiety 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. 

fvln,E . Tn1DERS 

A large amollnt of wood, both round and sawed, is used in mines for 
. shafts and for the various types of stlpporting structures (Fig. 32), such as 

FIG. 32. ~Iine timbeI". A stretch of gangway in a Pennsylvania mine. (Photo hy U.S. 
Forest Service.) 

props, cans, 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 u::3ed, howeyer, 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 ,yood is anlilable. 

POL ES :\:\D PILIXG 

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

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

Southern pines, cedars, especially the western red and northern white 
cedar, 'Douglas fir, and lodgepole pine are used to tho 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, hO\"el'er, produc­
tion has been in steady decline owing to the competition of other types of 
containers. There are t,,·o 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 yariety of 
tubs, barrels, casks, pails, buckets, keg,;, 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 consists of 15 staves, one set of heading, and six 
hoops. Theso yarious parts may be manufactured in different factories 
and even in different regions. There are many grades of slack cooperage 
ranging from flour and sligar barrels, with tonglled and grom'ed staYes, 
to the loose-fi tting ~'!leI l' l1('a ply ('on>;t l'll('ted ('CI11('1\ t ba nels, 

'Vood for use in slack cooperage must be cheap, light, easy to \\'ork, 
elastic, and free from warping and twisting. Otherwise any sort of wood 
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is permissible. Limbs, tops, defeetive logs, and other forms of waste 
lumber can be utilized. Venecrs arc being used to a considcrable cxtcnt. 
SttWCS and heads are usually made from red gum, pine, elm, beech, maple, 
oak, Douglas fir, ash, and a variety of other woods. 'Vooden 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 ,,"hich will impart no odor 01' taste to the liquids and which are 
impermeable are essential. White oak has long been the outstanding 

FlU. :l3. 'Yhite 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. 

R.ULIWAD TIES 

From 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. :iHore recently there has been a reduction 
in the ('(lHsumption of ties, due in part to a lessened demand and in part 
to the longer life of the ties as a Tesult of preservative treatment. The 
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number of ties used each year will always be considerable, probably 
around JO,OOO,OOO, considering that there are about a billion ties in usc 
and that the average life of an untreated tie is only fi. ve or six years. 

Tics are usually hand hewn from a seasoned "'ood 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 pel' 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. 

,TEXgERS 

Veneers are thin slices or sheets of wood of uniform thickness. Al­
though they can be cut as thin as YI 10 in., the commercial product is 
usuall)r about }~o in. thick; % in. is the maximum. Yel-wers do not 
repl'eseilt a llew development in the utilization of wood, for they were 
kno,vn to the Romails, Egyptians, and other early civilizatiolls. Theil' 
usc in, this country "oas retarded for many years because wood was so 
abundant and so cheap. In recent years, however, a large demand for 
veneers has aI'isen, due partly to their own inherent qualities, partly to 
tl~e necessity of conserving 'the supply of valuable timber, and partly to 
the fact that wood can be used which otherwise would be wasted. 

In making veneers, logs or pieces of wood are peeled and boiled and 
then cut with a knife. Although se\'eral processes are used, 90 per cent 
of 'i'~neers are cut by the rotary process (Fig. 34). This invohoes turning a 
log on a lathe against a stationary knife, with the formation of a con­
tinuous sheet of Yeneer. This process is quite wasteful as a core from G 
to 10 in. in diameter is left. This core, however, crin 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 procr:ss logs are quartersa\yed and consequently 
show a more attractive figure. The logs arc 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 quarterecllogs are cut with a circular saw. Although 
the resulting yeneers are quite thick and although the process is a rather 
wasteful one, the most valuable woods are sawed because the fibers arc 
but little torn and the material can be more readily worked up. Freshly 
cut veneers are usually "oet and must be thoroughly dried before adhesi'i°es 
can be applied. 

At first veneers were used only in cOllllection with furniture and 
cabinetwork to cover up inferior woods, and they \yerc made from 
mahogany, walnut, and other woods ",ith a beautiful color, grain, and 
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figure. N ow many species are used and the veneers are utilized in the 
manufacture of boxes, baskets, coopemge, -door panels, trunks, mirrors, 
musical instruments, and many other articles. Veneers 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 "'oods 
are used in the manufacture of veneers, but m'er one-half of the total 
output in the United States is made from red gum or Douglas fir. Three 
kinds of hanhyood yeneers are manufactured. Face veneers are sliced or 
sawed from carefully selected logs and are used for only the finest work. 

FIG. 34. Producing rotary-cut yen~~r. (Collrtesy Wood "[osaie Co., Louistille, Kentucky. 
Reproduced from Panshin, Horror, Baker, and Proctor, Forest Products, J[cGraw-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 plY"'ood, concealed parts of furniture, etc. Beech, birch, maple, 
basswood, tulip, cottoll\yood, tupelo, sycamore, and oak are all utilized. 
Containcr vencers, the cheapest kind, are made froni any inexpensive wood 
and are used for boxes, barrels, crates, and similar containers. Softwood 
yen eel'S, either rotary-cut or sliced, are manufactured chiefly on the 
Pacific Coast. Eighty per cent of them are made from Douglas fir, but 
Sitka spruce, ,Yestern yello\\- pine, and Port Orford cedar are also used. 
Sofhyonr] veneers are utilized almost entirely for structural plywood or 
interior paneling. 
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PLY\YOOD 

A recent development in O\'ercoming some of the natural defects in 
wood is the manufacture of the so-called" built-up" stock or plywood. 
This iIlYolves 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 
,,'ood. :\'ails and screws may be driven close to the edge "'it-h 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 easily. 
One simple type of plywood has a %-in. core of poplar with ;1o-in. birch 
,'eneers· on each side. Yarious animal and plant adhesives arc used as 
well as large quantities of synthetic resins. :\Iodifications of the ordinary 
process result in molded or CUl'\'Cd ply\yood and in wood alloys. 

Plywood is now a fully recognized, engineering material \yith its own. 
peculiar properties. It has extensi,'e 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. 

'VOOD ALLOYS 

In the manufacture of wood alloys or densified wood, such as compreg, 
impreg, and uralloy, from plywood the naturnl wood structure is impreg­
natcd ,yith synthetic resins and bonded under high prcssure. The resins 
establish strong physical and chemical bonds "'ith the wood fibers and 
create a material "'ith ne,,' properties, which is also very hard, strong, 
stable, and resistant to decay. 

RECOXSTRUCTED 'VOOD 

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 im'ol\'es breaking 
down the wood into cellulose and lignin, the discussion of a chemically 
reconstructed wood, such as papPI', will be reSPITed until Chap. X. 

1Iasonite is an example of a wood which has been rcconstructed b~' 
physical m:eans. 'Yood chips arc suhjectcd to high prcssure in n steam 
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vessel and are then exploded with the abrupt release of the pressure. 
This tears the fibers apart and also reactiyates the lignin, a natural plastic, 
which fixes and binds the fibers in their ne\\" orientation. At first this 
new material was used as an insulating fiberboard, as it was an excellent 
insulator against heat, sound, and electricity. Later it was found that 
the application of heat and pressure converted the boards into a homo­
geneous grain less synthetic board with extreme hardness and resistance 
to water. 

SHIKGLES AND SHAKES 

Shingles are thin pieces of wood used to protect the roofs and sides of 
huildings from the weather. Until recently they were made by hand by 

riving bolts of wood and shaying 01I 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 arc 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 \"ith preservatives. The most 
outstal!(ling shingle wood is western red cedar. Northern white and 
southern \"hite cedars, red\\"ood, and cypress are also used. ,Vhen avail-
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able, virgin white pine is an excellent material. The output of shingles 
reached its peak in, 1UO\) when 15,000,000,000 were produced. Since 
that time the industry has suffered from the many substitutes. 

Shakes arc split shingles and naturally are much thicker. They were 
import.ant incqlonial and pioneer days, but now are but little used save 
for special architectural effects anci in the more remote regions such as the 
southern Appalachians. , In the "Test shakes arc still manufactured on 
the Pacific Coast and in the northern Rocky l\Iountain area from western 
red cedar, sugar pine, and red\\'ood. 

EXCELSIOR 

Excelsior consists of thin curled strands or shreds of wood and is made 
by placing wood on frames and pressing it against rapidly mO\'ing knives 
or steel teeth. This material \\'as tirst knowll as IIJood fib(!/', and "excel­
sior" was later introduced as a trade namc, 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 \'cry tine grade 
of excelsior, known as n'ood wool, is used in tilters and in the manufacture 
of rugs and matting. ' 

The production and use of exeelsior are now on the decline. Almost 
any wood that is light in weight and eolor, odorless, and free from resins 
or gums can be used. Bass\\'ood, which is \'ery soft and springy, is the 
best material. Cottonwood and the other poplars and yellow pine are 
used to a great extent.', Otllel' \~·oods inc~ude "buckey('., tulip, birch, 
spruce" maple, \"hite pine, and -red gum. 'Vood waste' from: 'the other 
industri~s is also used: It is estimated- that a cord of wood yields about 
1500 lb: of excelsior. 

SAWDUST AXD" SHA VIXGS 

The principal use of sawdust is for fuel, usually in the form of bri­
quettes. It is also increasingly valuable for many industrial purpo~es. 
Often it' is scparated by species and graded by size: It serves as a bedding 
for stables and kennels, as a floor co\'cring to absorb moisture, for clean­
ing, di'ying, and polishing metal, as a packing medium, as a soil COJl(li­
tieiner and an insulating material. It plays a part in the making of 
leather and the conditioning of fur and is an ingredient of composition 
flooriilg, artificial 'wood, wallboard, abrasives, floor-sweeping compounds, 
and many other pl'oduets. 

Sha\'ings tind 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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\VOOD FLOUR 

"r ood Hour, which consists of finely ground sawdust, sha:vings, and 
other forms of wood waste, is of inereasing importance in the manufacture 
of linoleum, plastics, nitroglycerin explosiyes, \'en~er bonds, composition 
Hooring, insulating briclc, and many other products. It is used as a filler, 
an absorbent, or a mild ",.'1brasive. Only light-colored woods with a low 
resin content can be used. White pine· furnishes about 75- per cent of 
the total amount. Formerly imported, domestic production is -now 
sufficient to meet the demand. 

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 
discoyered by man. - Charcoal is still a yaluable fuel, since it has twice 
the heatirfg power of wood and burns without Hame or smoke. It IS 

extensively used in many European and Asiatic countries, particularly 
where forests are abundant, and it is the chief domestic Juel in most 
tropical countries. Charcoal is also used in meciicine, 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. Dlll'ing the First and Second \Vorld Wars it was extensiyely 
used in gas masks. About 7,500 tons are used annually in curing shade­
grmyn tobacco. The best yields of charcoal are obtained fr0111 the denser 
hardwoods, such as beech, maple, birch, oak, and hickm:y. 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. 3G) 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 
becn almost entirely replaced by wood distillation, and the valuable gases 
and other by-products are reco\'ered as \yell as the charcoal. 

''{OOD DISTILLA'l'IOX 

The process of ,,'ood distillation is also ancient and was known to the 
Egyptians. At thc present time it is important, not only in rendering 

F,G. 37. 'Yood distillation retorts in Wilmington, N.C. (Photo by U.S. Forest Service.) 

::lYailable the yoIntile wood clements, 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 distinct types of wood distillation. 

Hardwood Distillation. This process utilizes the denser and hea\'ier 
hardwoods and has been carried on in the l'nited States for O\'er 100 
years. The ,,'ood is heated in large o\'en retorts (Fig, 37). The immedi­
ate products are charcoal, pyroligneous acid, ,,'hich condenses from some 
of the gases given off, tar and oil, and noncondensable ,,'ood gases. The 
tar and oils are allO\\'ecl to settle out, and the pyroligneous acid is passed 
through a series of stills where more tar and oils are removed. E\'entu­
ally slaked lime is added. and in a final distillation wood alcohol (meth­
anol) passes ofT 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 
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pyroligneous acid. The average yield per cord is 900 to 1080 lb. of char­
coal, 180 to 220 lb. of acetate of lime or 103 to 125 lb. of acetic acid, 9.5 
to 11 gal. of wood alcohol, 22 to 25 gal. of wood tar and oils, 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 plastics 
industries, and acetone, which is extensively used as a solvent. 'Wood 
alcohol also finds its greatest use as a solvent, espeeially in the paint and 
varnish industry; it is the source of a great variety of ehemieal produets 
as well, such as aniline dyes and formaldehyde, and has a multitude of 
uses as a fuel, illuminant, denaturant, and ingredient of medieal, chemical, 
and other industrial preparations. The wood tar and oils are used as a 
fuel or as the source of many industrial oils. 'Yood gas also serves as a 
fuel and may be converted into a substitute for gasoline in ·internal­
combustion engines. 

Softwood Distillation. This is a more recent development and utilizes 
resinous woods, chiefly southern yellow pine. The products ani charcoal, 
wood turpentine, oils, tar, and wood gas. Softwood pyroligneous acid 
contains only small amounts of woo.d alcohol and acetic acid, and no 
attempts are made to recover them. The ,yood .turpentine is used in 
the manufacture of paints, varnishes, and synthetic camphor. The tar 
and oils also have a ,large riumber "of industrial uses; one important 
prdduct is creosote. 

OTlIEn USES OF. 'Y OOD 

The use of wood as a ra,," 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 commercially for the 
most part from the cork oak (Quercus suber), a tree na tive to the :'IIediter­
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 yelyety. The 
acorns serve as a food for swine. The cork oak is found from the Atlantic 
to Asia Minor, and is especially abundant in Portuga1, Spain, Algeria, 
Tunisia, southern France, ?lIorocco, Italy, and Corsica. About 3,764,000 
acres of cork forests occur, o,'er a million of \\"hich are found in Algeria" 
The trep thrives best on rocky siliceous soil on the Im\"er slopes of the 
mountains. 
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Cork or "cork wood " cOllsists of thc outor bark of thc troc. Thi,; call 
bc rcmoved without. injury to thc tree, and, ])!'o\'idcc! thc inllcr bark is 
not damaged, it is rcncwed, ncw laycrs bcing formcd each year. Thc 
opcration consists of making vcrtical and horizontal cuts with hatchcts or 
saws, and then prying off large pieces of the bark (Fig. 38). Great care 
is taken not to injurc the inncr bark, which would prevent the formation 

of new bark and might cven endanger 
i---r' ,--, the life of the tree. Thc rich dark-rcd 

~. 

·f color of the exposed areas is one of thc 
characteristic sights in a cork forest. 
The stripping is usually carried on in 
midsummer ,,'hcn 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 G ft. of 
the trunk. Cork is first removcd 
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 occur every nine years. The 
second yield is bctter, but the best 
quality of cork is not obtained until 

FIG. 38. A cork gatherer in Gibraltar, the third cuttin!!: and thereafter. The 
Spain. (Photo by U.S. Fore8t Serdcc.) ~ 

trees live for 100 to 500 years, and 
have an average yield of .-f0 to 500 lb. per tree. The bcst grade of cork' 
consists of inch-thick layers obtaincd from young vigorous trees. 

Aftcr stripping, the picces of cork are dried for seyeral days and 
weighed and then shipped to somo central point for further treatment. 
They are first boilcd in largc copper "ats. This removes the sap and 
tannic acid, increases the "olump, and clasticity, and flattens the pieces. 
It also looscns the outermost layer, which is scraped ofT by hand. The 
rough edges are then trimmed off, and the flat pieces are sorted and baled. 

Cork posscsscs many properties that make it very valuable in industry. 
In spite of its bulk it is very light and excecdingly b1loyant, o\\'ing to the 
fact that it is composed entirely of dead \\'atertight cells. It can be 
readily comprcssed and is very resilient. Even after 10 years of use cork 
stoppers will rcco\'er 75 per cent of the original volmlle. It is durable, a 
low conductor of heat, ancl is resistant to the pas,.:ag(' of moisture and 
liquids. It also absorbs sounds and vibration and has certain frictional 
prop('rties. 
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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 pieces treated with 
adhesives and niolded. 

Articl~s 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 imprm'ing 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 seyeral types of floor covering. 
Linoleum is made from cork or ,yood flour, linseed oil, resins, such as 
rosin or kauri gum, pigments, and burlap. The oil is boiled and allowed 
to s_olidify by dripping on pieces of cloth. The solidified oil is ground up 
and melted with the resins. This mixture is cooled and hardened, and 
after several days of "curing" it is mixed with the cork, \'ihich has been 
ground as fine as dust, and \yith the dry 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 indiyidual tiles made from ground cork and linseed 
oil, but much thicker and denser than linoleum. 

Over 300,000,000 lb. of cork are produced annually, chiefly in Spain, 
Portugal, and Algeria. The United States imports from 50 to GO 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 resLrictions. Experiments have been carried on in California since 
19-10. 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 belieye that a flourishing cork 
industry may btl 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 arc 
fa"orable 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 lanel in the 
world as about 7,500,000,000 acres, or 22>2 per cent of the earth's 
sUI·face. 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.G per cent; Europe, lO.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..! 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 hard,yoods. 
The former occupy 16 per cent and the latter 35..! 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 ,yorld'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 har~woods 
have been readily available throughout this area has been· of great 
economic importance. It has buen only recently, as a result of the deple­
tion of the native forests, that attention has been turned to the almost 
untouched tropical forests, sa,'e as a source of ornamental wooels, dye­
woods, and similar products. 

FORESTS OF NORTH AMERICA 

Forests occupy about 2G.8 per cent of the land area of :{ orih America, 
with conifers comprising 72.-t 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, 1\ewfoundland-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; l\Iexico has 47 per cent conifers, 34 per cent 
temperate hardwoods, and 19 per cent tropical hardwoods. In Central 
}unerica tropical hardwoods account for 75 per cent and conifers 25 per 
cent of the total. The West Indies have an even higher percentage of 
tropical hardwoods (87 per cellt), 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
mercial 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. 

FOHEST AR}<~AS OF N ORTIl A~[ERICA 

The forests of :.;r orth America are found in at least six well-defined 
areas (Fig. 39): (1) the llorthernconiferous forest; (2) the eastern decidu­
ous forest; (3) the southeastern coniferous forest; (4) the Hocky ?dountain 
forests; (5) the Pacific Coast forests; and (G) the tropical and subtropical 
forests. 

- -, 

Northern Coniferous Forest. This great evergreen forest extends 
across the continent from Newfoundland ai1d J;.abrador to the lower 
Hlidson Bay region and Alaska, south of the treeless luctic tundra. The 
chief trees are white spruce, black spruce, balsam fir, and larch, with 
some paper birch, aspen, and balsam poplar. Fi'om Nova Scotia and 
northern New England to Minnesota, and southward along the summits 
of the Appalachians, the1;e 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, ,,,hite 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 slooes 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 occur with 
many of the pines that characterize the southeastern coniferous forest. 
'Vestml"CI the deciduous forest becomes gradually restricted to the river 
valleys of the prairie region. 
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Southeastern Coniferous Forest. This forest is f-ound along the sandy 
Atlantic coastal plain from Virginia to Texas. The various pines, 
principally longleaf, shortleaf, loblolly, and slash pines, occur on the 

FIG. 39. The forest formation:; of North America. North of the northern eyergreen 
forest is the tundra formation. On the ullshaded arcas south of it arc the prairie, plains, 
and desert formations. (Reproduced by permission from Transcau, General Botany, Jr orld 
Book Company, Yonkers-on-Hudson, N.Y.) 

uplands; in lower grouncI are founel red gum, tupelo, liYe 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 ?lIountain forest is made up almost entirely of coniferon" 
species. The area extends from northern British Columbia southward 
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across the United States and Mexico, and even into Central America. 
N a.turally in so large an area there are many differences in the nature of 
the forest due to latitude and altiLude. Western yellow pine is the most 
characteristic species. 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 1Iontana a forest 
occurs which is quite similar to some of those on the Pacific Coast, with 
western red cedar, western hemlock, and western ,,,hite 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 
vYashington, Sitka spruce is the chief species. In southern British 
Columbia, the Puget Sound region, and eastern Oregon and \Yashington 
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 
loc~tion 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 N evadas 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 ~ierras. 

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 rvIexican lowlands, on the eastern slopes of Central 
America, and in t 11e West Indies. Most of the original forest in the latter 
two regions has been destroyed as a result of migratory agriculture and 
has been replaced by the dense, almost imp~netrable tropical jungle. 
The more important tropical species of North America will be considered 
together with those of South America. 



88 ECONOMIC BOTANY 

THE PmxCIPAI, ·W OODS OF TEl\IPEIU'l'E N OHTIl A)!ERICA 

In X orth America there occur oyer 500 species of woody plants, ex­
clusive of tropical species. About a hundred of these are of commercial 
importance. The mo"t prominent of the"e ,,"ill be con;;idered briefly. 

SOF'l'\YOODS 

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 i;; in mill­
work and the manufacture of instruments, woodenware, casket;;, boats, 
and laundry appliances. Commereial cedar comprises se\'en different 
species: 

The Port Orford cedar (Challl(lccyparis 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, stifT timber 
which takes a good polish. The ,,"ood is used for boats, airplanes, furni­
ture, millwork, matches, floors, interior finish, and posts. 

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

The southern \,"hite cedar (C/zalllaecyparis thyoides) is a smaller tree 
found in the Atlantic and Gulf Coast states. The \,"ood is used for boats, 
shingles, poles, posts, tics, 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 (Liboccdrlls dCCllrrclIs) of California, western N e\'ada, 
and Oregon has a close-grained reddish wood of considembfe 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 (.Junipcrlls virginialla) 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 heartwoud 
rich red and \'cry fragrant owing to the prescnce of un e""ential oil. The 
wood is soft, with a fine, even grain, and it can be whittled easily, so, until 
it becamc scarcc, it constitutecl the i5tandard wood for lead pencils. 
Chests, cigar boxes, pails, panels, "eneen" and interior finish are also made 
from it. 

The northern white ceclar or arbor \'itae (Thllja occidcntalis), a common 
tree of New England, the Lake States, and adjacent Canada, is one of the 
lightest of woods. It is soft and {,<lsily worked and is utilized for wooden-
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ware, canoe and boat building, shingles, fence posts, railroad tics, poles, 
tanks, and silos. 

The western red cedar (Tlwja plicata) of the northern Rocky l\Ioun­
tains and Pacific 1\ orthwest 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 (Taxodiwn distichU11l) , a characteristic tree of swamps 
along the Atlantic Coast from Delaware to Texas and in the lower 

FIG. 40. A stand of Douglas fir (PseudotslIga taxljolia) in the Siskiyou National Forest, 
Oregon. (Photo by U.S. Forest Service.) 

11ississippi '.'alley, is one of the strongest and hea yiest of the sofbyoods. 
The tree reaches a height of from 80 to l-!O ft. and a girth of from 5 to 12 
ft. Conspicuou51 features are the" knees," conical outgrowths from the 
roots for purposes of aeration. Unlike most conifers, the cypress sheds 
its leflYes, The wood is a rich red color with a distinct 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, tics, 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 (Pseudo/wga /a.vifolia) is one of the two most important 
American woods at the pre~ent time, and more of it is antilable than any 
other species. The tree covers a wide range of territory in the north­
western lJniteclStates and adjacent Canada, attaining its best de\'elop-

, 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 10ft. (Fig. JO). The lowest bl'ailches 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 
\\'ith a close, even,' well-marked grain, and is of medium weight, strength, 
stiffness, and toughness. It is ~'ery 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, "eneers, airplanes, 
floors, and mill\\·ork. 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 eomparatiyely 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 \\"hitc fir (.:I. gralldis), the noble fir (A.. procm'a), thc 
red fir (..-1. magll~tica), and thc white fir (A.. cOllcolor). 

Hemlock 

The eastern hemlock ('Tsl/ga canadensis), onc of the most characteristic 
trees (Fig. ·n) of the northeastern transition forest, furnishes a cheap 
coarse lumber used chiefly for framing timbers, scantling, sheathing, laths, 
mfters, 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, stifT, and easily worked. The bark has long 
been used as a tanning material. 

The western hemlol'ks (Tsliga hc/erophylla and T. Jfer/ellsialla) arc 
larger trees anel furnish a superior wooel, which is heayicr, stronger, 
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stifTer, and more suitable for heavy construction. Other uscs are similar 
to those of the eastcrn hemlock. Both arc rich in tannin. These trecs 
are the most important sources of pUlpwood in the N orthwcst. 

Larch 

The eastern larch or tamarack (Larix larieina) and the western larch 
(L. oecidentalis) 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 l'.Iontana, Idaho, and 'Vashington. 
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 products, tanks, and boxes. 

Pine 

Pine has always been one of the most important of the commercial 
woods and toda.}" constitutes about one-half of the total lumber supply. 
The wood is obtaincd from se\'eral different species, belonging to either 
the soft-pine or the hard-pine group. Although 28 specics are of some 
value, only eight are outstanding. The soft or white piws ha\'e a strnight-
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grained tioft wood of mellow and uniform ~olltiititency that is compara­
tively free from resin and easy to \York. It is used for rough carpentry 
work, cabinetwork, patterns, ~ooperag;e, toys, crates, and boxes. The 
hard or yellow pines have a resinous, heavy, hard, strong, and durable 
wood, \Yhich 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. 

White Pines. The northern white pine (Pinus Strobus) (Fig. -l:2) is 
one of the most valua hie timber trees of the world. It was formerly used 
more than any other species, both for domestic consumption and for the 
export trade. So much of this "'ood has been cut that today the white 
pine has fallen to sixth place in importance. The tree is found in the 
northeastern Lnitecl States and adjacent Canada, and along the Appa­
lachian Mountains to Georgia. The hest stands today arc found in 
Michigan, Wisconsin, and ~Iinnesota. 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 3 to 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 arc classified as white 
pine by the lumber trade. These include the western white pine (P. 

11l0Ilticola), the sugar pine (P. Lambcl'tialla) one of the largest and most 
valuable timber trees of the West, and the lodgepole pine (P. contol'la). 

Yel1(,w Pines. These are a much more heterogeneous group and, 
although often classed together, each species has a distinctive wood. 
The southcl'1l yellow or longleaf pine (Pillus australis) (Fig. 43) is one of 
the two most important timber trees of the U llited States at the present 
time. It is fOlI:ld in the Southeastern states from ~ orth Carolina to 
Texas. The ",ood has a fine, smooth, compact grain and is the heayiest, 
harclest. strongest, stiffest, amI tonghest of the softwoocls. It is very 
durable and capable of bearing great weights. Its chief use, conse-
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queatly, is for beams, joists, und other timbers for heavy construction, 
and for whan·es, bridges, ships, cars, and railroad ties. Some yello\\" 
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. cal'ibaca) , and the loblolly pine (P. 'l'acda). 

Other important hard pines are the western yell 0\\· pine (PiIlIlS POJl­

derosa) and the red or Konmy pine (P. rcsillosa) of the Eastern states. 

Redwood 

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

world, reaching a height of from 200 to 300 ft. and a diameter of from 8 
to 22 ft. Its only riyal is the famous Big Tree of California (8. gig(lllica) 
(Fig. 44) whose dimensions and age, the latter estimated at 3GOO years, 
are equaled by no other li,·ing organism. The wood of the Big Tree is of 
little commercial YaltH', so these giants of the forest have been spared 
destruction. The recl\\"ood, ho\\·eyer, has been extensh·ely exploited in 
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recent years, and only the strcnuous efforts of consernitionists and nature 
lovers have made possible the setting; aside of a few stands, in which this 
magnificent spccies will be protected for all time. 

The wood is fine and straight-grained, strong, light, and ,"cry soft. The 
sapwood is pale in color, whlle the hcartwood is a rich dull reel. The 
cinnamon-brown bark, which is often 1 ft. ill thickness, is yery 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 "'001. The fine 
bark dust is a good soil conditioner. 

Spruce 

The several species of spruce huye a light, soft, compact, straight­
grained wood ,,,hich i~ stif'f, strong, easy to work, and comparatiyely free 
from resin. Spruce has increased in importance as white pinc 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 is much used for sounding boards of pianos and the bodies of \"iolins and 
similar instruments. The principal species is the white spruce (Picca 
glauw), one of the mos~ characteristic trees of the great conifcrou's forest 
that stretches from the northeastern United States to Labrador and across 
the continent to Alaska. Other eastern specie,S are the red spruce 
(P. 1'llbcns) 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. sitchensis). 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 for spruce, Sitka spruce 
is used for boats, oars, and other products that require a light, strong, and 
clastic wood. It was formerly used extensively in airplane construction. 
Engelmann spruce (P. Engclmallllii), found in the Rocky Mountain and 
Cascade Range region from Canada to Arizona :llid'New Mexico, is also of 
importance. 

HARDWOODS 

Ash 

Ash wood IS strong, elastic, tough, hard, stiff, and light in weight. It is 
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 ?'lade from ash may be mentioned handles, oars, bats, telllli-; 
rackets, rods, cues, clothespins, toys, barrels, and baskets. It is also Ilspd 



!')(l ECOXOMIC B01'ANr 

for carriagetS, cars, boats, farIll implements, furniture, cooperage, refriger­
ators, and interior finish. The most important species is the white ash 
(Fra.cinlls americana), a tree of the eastern deciduous forest. Other 
prominent species include the red ash (F. ]Jcnn8Y/l'anica) and its variety, 
the green ash (yar. /anceo/ala); the blue ash (F. (jlladroll(jll/ata); the black 
ash (F. lligra)-all eastem species; and the Oregon ash (F. orcgona) of the 
"West coast. 

Basswood 

The basswood or linden (Ti/io olllrricalla) is a tree primarily of the 
eastern deciduous forest. It is a large sjwcies reaching; a height of 80 ft. 
The wooel is light-colored and tStraight-grained \yith a smooth uniform 
texture. It is the lightest, softest, weakest, and least tough of the more 
important hardwoods. HO\ye\'er, because of its ('0101', eyen grain, and 
extreme ease of working it is widely used. Its uses include boxes and 
crates, millwork, pattern making, ,,-oodemmre and no\-elties, furniture, 
trunks, Venetian blinds, picture frames, carriage bodies, beehiYes, ply­
wood, cooperage, pulp, charcoal, and excelsior. 
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Beech 

The beech (Fagus grand/folia) (Fig. 45) is one of the thrce 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, \\'oodenware, 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 ,,'ood (Fig. 46) is hard, heavy, strong, and tough, "'ith a fine \Va,'Y 
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 luiea), which ranges from Xew England and the Lake States 
to Georgia, and the black birch (B. lenla), ,,,hich has a more restricted dis­
tribution, furnish most of the wood used for furniture, doors, ,,,indo,," 
frames, floors, and other forms of millwork. Other articles made from 
birch include: handles, clothespins, shoe pegs and lasts, wheel hubs, 
wo_pdenware, boxes and baskets, dowels, yokes, \'eneers, and spools. 

The white or paper birch (Betula papynJera) 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 (Prwws seratina) is the only one of the seyeral 
species of the genus which has a wood of commercial importance. This 
tree ocC'urs 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 can be worked, cherry is especially desirable for furniture 
and interior finish and cabinet.work. At the present time it is but little 
used, a~ '"he supply has greatly diminished. ~Iinor uses include the bases 
of scientific instruments, printer's supplies, pattern making, and turnery. 
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Cross-section Tangential section Radial section 

BIRCH 

Cross-section Tangcntinlsc,tion Radial section 
SUGAR :;..rAPLE 

FIG. ·lG. Cross, tangential, and radial sections of the wood of the beech (Faous ora ndi/olia) , 
birch (Bet ilia sp.), and "lIwr mallIe (Acer saccharum). (Reproduced from Hollman. ll' oool 
Constrllction, J[cGrau·-Hill Book Camp(J ny. [IIC.) 
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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 (Casta Ilea denlala) 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 IVlaine 
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, woodem\'are, veneers, and plywood cores. Because 
of its durability it is an excellent wood for posts, poles, piling, tics, 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 (Ulmns Thomasi) and the 
familiar, ornamental white elm. (U. americana), yield a valuable \Yood 
with a beautiful grain. The wood of the rock elm is tough, strong, hard, 
heavy, elastic, pliable, and durable. N ext to hickory it is the most impor­
tant source of hubs, spokes, fellies, and rims of \\:hoels. It is also used for 
agricultural implements and tool handles, butcher blocks, veneers,. and 
CGDperage, and· in the manufacture of furniture, refrigerators,· ~usical 
instruments, baskets, and woodenware. The ,vhite eim (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 1\Iinnesota, Florida, and Mexico. Although the wood of all 
the species is used to some extent, the most important sources are the 
shagbark hickory (Carya ovala), the mockernut (C. lomentosa) , 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 l1lack locust (Robillia pscudoacacia) , another tree of the eastern 
deeicIllOlls forest region, also yields an exceedingly hea,'y, strong, hard, 
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durable, and elastic wood. Locust has a course, open, crooked, compact 
grain and a smooth, satiny surface. Its chief use is for insulator pins 
and brackets. It is also ('ommonly used for tree nails, boat ribs, fence 
posts, tics, sills, wagon hubs, and mine timbers. The wood is of more 
importance in England, where it is used for furniture and shipbuilding. 

FIG. 47. .A typical American or white elm (Ulmus aUlcricQlw), showin~ ib characteristic 
graceful habit (Reproduced by permission froll! Foster, Elementary n'oor/icorkiIlU, Ginn and 
CompaIlY.) 

The honey locust (Glcdiisia iriacanllw8), with similar properties and uses, 
is of minor importance. 

Maple 

:\Iaple 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 ::;ilver maple (A. saccharinlllJl) 
and the reel maple (A. rubrlllJl) , and the Oregon maple (A. lIlacrophylllWl), 
found in 1,Vashington and Oregon, furnish soft maple wood ,,'hich is of less 
importance. Hard maple wood is he:1\')', tough, compact, strong, and 
\'ery hard. It is light hrO\\"ll in color with a dem,e eyen grain and fi.ne 
texture (Fig. 40). It i:-i sU:-ieeptihle of a fine polish, and is uften beautifully 
grained and figured, as ill the case of curly alld hird's-eyc maple. Thc:-ic 
latter characteristics make it one of the best woods for furniture, YClleerS, 
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flooring, bowling alleys, and interior finish. It is also used for \'iolins, 
shoe lasts, rulers, tool handles, inlays, panels, keels of Yessels, pianos, 
violins and other musical illstruments, ho\ds, 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 hardwooels ancl stands in fourth place 
among all the woods. Not only is the timber important, but the oaks nre 

FIG. 48. A famous white oak (Quercus albal, the .. h·cry oak in Dedham, :'I1a55. It is 
estimated that this tree was full grown in 1636. (Photo by E. H. Wilson; courtcsy oj the 
Arnold Arboretllm.) . 

the largest and finest of the hardwood trees of the forest. Oak wooel is 
hard, tough, durable, resilient, and elastic. Its 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 unriyaled 
for decorative work, especially in the form of quartered oak. Over fifty 
species 0" 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 diffieult to distinguish between the wooel of the 
indiyiclual species and they are kno\yn 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 maehinery, agricultural 
implements, furniture, fiooring, cabinetwork, interior finish, and cooper­
age. In the latter cOl1nection 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 (Querclls albn) 
(Fig. 48), the bur oak (Q. macrocarpa), the post oak (Q. stellato), the 
chestnut oak (Q. montana), the swamp chestnut oak (Q. Prinlls), 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 principal species include the red oak (Qllcrcus borealis), the black oak 
(Q. veilitina), the scarlet oak (Q. coccinea), the pin oak (Q. pailistris), the 
turkey oak (Q. laevis), the willow oak (Q. phellos), the Texas reel oak (Q. 
te;rana), and the shingle oak (Q. imbricaria). 

The live oak (Qllerclls virginiana), a quite distinct, evergreen speeies, 
has the hardest, strongest, and toughest "'ood of all the oaks. It is used 
in the construction of wagons, ships, and farm tools. Only a compara­
ti,'ely small amount is ayailable. 

Osage Orange 

The osage orange (Jlaclllra pOlllifcra) 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 
a vailable and this is used chiefly for fellies, insulator pins, tree nails, posts, 
stakes, and woodemmre. The Indians used this wood for bows. It is 
also the source of a dyestuff. 

Poplar 

The true poplars of the United States are known commercially 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. balsamzfera) , several other large 
poplars, and the much smaller aspens (P. trellwloidcs and P. grandidcn!ata) 
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 (Liqllidambal' Styracifluo) (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 III color, with a fine, straight, close grain, and it polishes well. 

FIG. 49. A large sweet gum (Liquidambar Styracijlua) in the De Soto National Forest, 
:\Iississippi. (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, hncy boxes, and cooperage. Red gum "'ood is known in England 
under the name of satin walnut. The tree is the source of storax, a 
medicinal product. 

Sycamore 

The sycamore (Platoll1/s occidcntalis) , 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 hard\yood 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 unm"en grain. \Vhen quartersawed, a mottled 
figure with lustrous rays is obtained. This is often marketed as laeewood. 

FIG . .50. An old-growth tulip poplar 
(Liriorlendron T"lil',jera) ill Yirginill. 
(Photo by U:S. Forest Service.) 

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, 
yokcs, boxes, cra tcs, woodcnware, 
cooperagc, brushcs, and plywood. 

Tulip 

The tulip trcc (Liriodclldroll Tulipi­
faa) is one of the largest trees (Fig. 
50) of the eastern deciduous forcst, 
reaching a height of from 1:25 to 250 
ft. and a diameter of G to 14 ft. The 
wood, which is known commcrcially 
ns yel!o\\' poplnI' or whitc,,"ood, is of 
great importance. It is soft, light, 
and easily worked, with a fine straight 
grain. It is also stiff and durablc, 
although not ,"cry strong. It is usee! 
for millwork, boxes, furniturc, car­
riagc bodics, musical instrumcnts, 

woodenware, toys, boats, light construction, and '"cneers. 

Tupelo 

Two species are known commercially as tupelo, black gum, or sour 
gum. Nyssa sylmtica is found from :\Iainc to l\Iichigan and south to 
Florida and Texas, while N. aqllatica is restricted to the swamps of thc 
Southern states. The wood is pale yel!O\\" ,,'ith Ii dcnse, fine, twistcd, 
and interwoven grain. It is soft, light, tough, stiff, and resistant to wear. 
Tupelo has increased in importance in recent years. It is used for floor­
ing, tobacco boxes, wheel hubs, woodcnware, veneers, ties, handles, 
yokes, pulp, rollers, and piling. 

Walnut and Butternut 

The black walnut (.J llU1alls II iura) has always lJCf'1l one of the most 
valuable native woods. It is a large tree (Fig. 51) of the dcciduous forest 
region, ranging from ;\IassarllllO'ptts to Florida llllfl from Minnesota to 
Texas. The wood is modNatel~' hard, tough, :Inc! st.rong; and is casily 
worked. It is ycry 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. 

, <:... ..... '_ 
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FIG. 51. A fine specimen of the black walnut (Juo/ans niora). (Courtesy of the Jfassa­
chllse/ts Horticultural Society.) 

The butternut (J Ilglans cincrca), \\"hich 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 alid 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 

'Yhile all the other woody plants SClTe some useful purpose in industry, 
or are VfJ luable, at least for fuel, it will be possible to mention only a few 
of them. 
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Apple (Pyrlis J[ allls). Apple wood, usually obtained from old or­
chards, is very strong, hard, and compact, with a uniform close grain. It 
is used principally for tool handles, pipes, knobs, mallet heads, rulers, 
canes, and turnery. 

Red Alder (..1lll1/s rubra). This, the largest of the alders, is of com­
mercial importance in Oregon and \Yashington \yest of the Cascade 
Range. The wood, which has a fine e\'en grain, uniform texture, and a 
reddish-browll color, works and polishes \\'ell and 2;iYes 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 noyelties. 

Blue Beech (Carpinus carolinialla). This small tree of Eastern Xorth 
America has a heavy, strong, and yery stiff \yooeL Xn other wood has 
been found which is as suitable for levers. It is also used for tool handles 
and for charcoal. 

Buckeye (A csculus oclalldra). This tree of the l\Iiddle \Vest furnishes 
a soft, light, easily \\'orked \yood used for boxes, excelsior, millwork, piano 
keys, furniture, trunks, and artificial limbs. 

Cucumber (.JI agnolia acuminata). This tree, the largest and most 
abundant of the magnolias, is particularly charaeteristic 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 (COnlUS 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. Dog\\'ood 
is used primarily for shuttles for cotton mills, as it is \"Cry resistant to 
wear. Other uses include mauls, wedges, bobbins, golf-club heads, 
engra ver's blocks, alid cogs. Only the sap\\'ood is used. 

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

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

Hackberry (Celtis occidcntalis). 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 (flex opaca). This characteristic tree of the Southern coastal 
states and the lower Mississippi and Ohio valleys is best known by its 
leaves and fruit, \\"hich are almost uniyersally llsed for Christ mas decOl'a­
tions. The tough, close-graincd, whitish wood is used for inlays, brushes, 
woodenware, and fancy articles, and is often stained to -imitate ebony. 
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Hornbeam (Ostrya virginiana). The wood of the hornbeam, which 
occurs in Eastern 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 virginiana). The sapwood of this southeastern 
species is very heavy, tough, hard, strong, clastic, 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 albidIl7ll). This small tree of the eastern lJ nited 
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 (Salix nigra). This is the only one of the numerous willows 
which is of commercial importance. It reaches its best deyelopment 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. -

FORESTS OF SOUTH AMERICA 

~rhe forests of South America cover 44 per cent of the land area. . They 
consist principally of tropical hardwoods (89.3 per cent), \\·ith 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. Epiphytes and li~nas, however, ~re frequent 
and characteristic. In drier parts of Brazil and Argentina an open 
deciduous type of tropical forest occurs. J.\Iixed forests of conifers and 
temperate hardwoods occur along the northern Andes, and again in the 
southern Cordilleras. Conifer forests, consisting chiefly of Parami pine 
(Arallcaria a.ngllst?folia) cover large areas in southern Brazil and Argen­
tina, while similar areas, with A. ara Ilea na the dominant species, occur ill 
Chile. In Paraguay and Argentina there are extensive areas of open 
forests composed chiefly of quebraeho (Scll illopsis Lorcntzii and S. 
Balansae), the most important source of taJlwood. 
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Important Woods of Tropical America 

The tropical forests of Mexico, Central America, the 'Vest 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. Howe\'er, these forests Imve been but 
little exploited as a source of ordinary lumber up to the present time, and 
they constitute a '."ast reservoir for future needs. The number of avail­
able species is enormous. Brazil alone is said to have oyer 3000 woody 
species, including some 50 of the most valuable cabinet woods. Because 
of their importance in the l'nitcd States, a few of these tropical woods 
will be discussed. 

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 illexico to northern Peru. Ecua­
dor furnishes 99 per cent of tl)(' world's supply (Fig. ,52). Balsa is 
obtained chiefly from \yild trees, although there are some plantations. It 
grows faster than any other jungle tree stwe the papaya and reaehes a 
height of 12 ft. within a year. It can be cut \\'hen only t\~'O years of age, 
but usually trees six to nine years old are seleeted. 

Because of its light ,,'eight and its buoyancy, due to the presence of air 
in the cell cavities, it is used for life preselTers, buoys, swimming belts, 
rafts, floats, pontoons, sea sleds, surfboards. toys, and motion-picture Bets 
and in airplane con:)truction. Bah.;a po"ses,.;e,; goo(l insulating properties 
and is used to line refrigerators, autotruek bodies, and the holds of ships. 
It is also a sounel deadener and so i", IItilized for ceilings and partitions nnci 
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under hcavy machincry to preycnt the transmission of yibrations. The 
seed hairs are used as a stufIing material. 

Boxwood. The Venezuelan boxwood or zapatcro (Goss!Jpiospcrmlllll 
pracco.?;) is much used as a substitute for the Europcan boxwood in the 
manufacturc of engraycr's hlocks, rnlcrsand other scient.ific imllruments, 
shuttlcs, spools, bobhins, musical in:>trumcnts, inlay:>, and Yeneers. The 
supply comes chiefly from Yenczuela. 

Cedar. The Spanish or cigar-box cedar (Ccdrcla odorata) (Fig. 53) is 
,videly distributed throughout tropical America, both as a nativc and as 
an introduced species. It is the most important timber trce for domestic 
use in tropical America. It has a reddish-brown aromatic heartwood 
with a straight coarse grain. In the l7nitecl 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 Ebcnlls), also kno\\·n as American 
ebony or granaclillo, is used for knife handles, mnsical instruments. princi-
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pally flutes and clarinets, turnery, inlays, and cabinetwork. The wood is 
Ycry hard and durable and polishes \\"ell. It comes chiefiy from the West 
Indies. 

Coco bolo. Cocobolo, obtained from Dalbcrgia refllsa, a tree found from 
Mexico to Panama, is one of the sho\\'iest and most strikingly colored of 
the exotic woods. The heartwood is orange to orange-red in color, 

shafts, spokes, and fishing rods. 
peculiar greenish-brown color. 

streaked with jet black. The wood 
is "cry hard, tough, and strong. It 
is used for instruments, knife and 
umbrella handles, steering wheels, 
inlays, lacquer, and turnery. 

Crabwood. The crabwood (Campa 
glliallcllsis) 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 harel rich-brown ,yooel is 
used as a substitute for mahogany. 

Greenheart. The greenheart (Oco­
teaRodioci), a native of British Guiana 
(Fig. 54), furnishes structural timbers 
of great value. The ,yooel is one of 
the strongest, and is very hard, heavy, 
tough, resistant to decay and insect 
injury, and elastic; it is much used, 
particularly in Europe, for bridges, 
piles, wharves, paying blocks, and 
shipbuilding. Other uses include 
The wood receives its name from its 

Lancewood. Two West Indian species, the lancewood (O.candra 
lallceolata) and the degame or lemonwood (Calycophyllwll candidissiill WII), 
furnish the lancewood of commer.:e. This wood is yellowish, with a fine 
close grain, and is ,"ery tough, strong, and elastic. It is used for fish poles, 
spars, shafts, ramrods, whips, cues, bows, lances, and turnery. 

Letterwood. The letterwood or snakewood (Piratincra guiancnsis) of 
British Guiana yields a yery 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 ,,"ood (Fig. 55) is obtained chiefly 
from two species, Guaiacum o§rcillalc and G. sanctum, found in southern 
l\'Iexico, Central America, and the West Indies. Lignum vitae 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 excreted from the living tree. 

Locust. The 'Yest Indian locust (H ymcnaca COll1'bal'il) is one of the 
most important timber trees of tropical America. The )wrd tough wood 

FIG. 55. Shipping logs of lignum vitae (Guaiacum officinale) in Haiti. (Photo by C. D . 
• 11 ell; callrtesy of S. J. Record.) 

is used for general carpentry work, furniture, shipbuilding, and cabinet­
work. This tree is the source of South American copa1. 

Mahogany. Mahogany is the most important export wood in. tropical 
America and is the source of the world's most "aluable timber and premier 
cabinet wood. It was used for \\'oodwork as early as A.D. 151.!. The 
cathedr'tl 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 ,,·ood 
dates from the bpginning of the eighteenth century, with the years 1750 
to 1825 marking the golden age of the great master craftsmen, Chippen­
dale, Adam, Heppl('\\'hite, and Sheraton. 

There .'re three species of mahogany, only 1\\'0 of which are of com­
mercial importance. Swictcllia JI ahogani, the "Test Indian or Spanish 
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mahogany (Fig. 56), found in the Florida 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. Swic/cllia I/I(lcrophylla 
occurs from Yucatan to northeastern Colombia and Venezuela and along 
most of the southern affiuents of the ~\.mazon ill Brazil, Peru, and Boli,·in. 
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. 

The mahogany is an ornamental evergreen tree reaching a height of 40 
to 50 ft. with large buttresses at the base. The trees occur scattered 
through rich moist forests about one to the aere. 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 
'I'ell. It is used for furniture, fixtures, musical instruments, mill work, 
cars, ships and boats, caskcts, nirplancs, foundry patterns, "enecrs, and 
plywood. J\Iahogany has many substitutc::; and imitations. There is a 
sufficient supply of \\'ild trees to la::;L for many years if economically used. 
Plantations are also proying succe::;sful, espceially in Honduras. 
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Majagua. The majagua or blue mahoe (Hibisclls dallls) of the West 
Indies has already been referred to as the source of (~uba bast. The hard 
and slightly aromatic wood has a lustrolls, richly yariegated, open grain. 
It is used for cabinetwork, carriages, gun stocks, fishing rods, and ship's 
knees. 

Mora. The mora (11Iora e:ccelsa) , of British Guiana, Venezuela, and 
Trinidad yields a brown wood, which is "ery 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 C:ybistax IJ.onncll-SJnithii of s_outhern I\Iexico, 
northern Honduras, Salvador, and Guat.cmala. . It.is used for furniture 
and fixtures, milhyork, ships, boats, 'cars, and veneers. The tree is very 
ornamental 1vlth a wealth of yello,v flO\\'ers' appearing before the leaves. 

Purpleheart ... Peltogyne paniclllata, ~~he . purpleheart oLBrazil, the 
Guianas, and-Triliidad, has a very hard, tough, strong,. clurable brown 
wood, which tui'ns a purple color on exposure: It is used for heavy con­
struction, funiiture, billiard tables, cues, fishiilg rods, inla.)~s, and turnery. 

Rosewood. Of- several difIerent rosewoods, "the Brazilian rosewood 
(Dalbergia nigra) is the best knO\\'n. The dark purple, almost black, 
wood is often striped and has a coarse, dense, eve]l grain. Rosewood is 
one of the finest cabiriet woods mid is also 'used for scientific' instruments, 
fur~iture, pianos, Cal:;:', spOl:ting and athlefic goods, l~andles, and brushes. 

Satinwood .. The' 'Vest Indian 'satinwood (Zanthoxylum flavl/lIl) has 
long been a favorite' furniture wood: It was e~pecially esteemed in 
England by such builders as She'raton; Adam, and Hepplewhite. The 
creamy or golden-)r~llow'woo'cI'is sm'ooth and histrolls and slightly oily. 
It has a "eloy" close, de~ise,' even grain: . OUier tlses incltide millwork, 
musical instruments, caskets, bl:i.lshes,: cabinetwork, inluys, and yeneers. 

FORESTS OF EUROPE 

In Europe forests occupy about 31.3 per cent of the land area. Seventy­
four per cent of these forests are classed as coniferous, 2-1 per cent as tem­
perate hardwoods, and 1.6 per cent as mixed forests. The coniferous 
woodlar.cls are especially characteristic of the northern portion of the 
continent, while the hardwood and mixed forests are found in Southern 
and \Vestern Europe. The original forest co,'er of Europe has been 
severely deplded as the result of long utilization and the necessity of clear­
ing the land fol' a['.:riculture and other' purposes. In Great Britain only;) 
per ce1lt of the original forest is left, and in France, Spain, Belgium, Italy, 
and Greece from 10 to 20 per cent. Sweden and Finland still ha,'e o\'er 
half their forests ~1Yailable and, together with tilC U.S.S.H., are the most, 
heavily forested regions in Europe. 
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The most striking feature of the European forests to an American is the 
presence of the same gencra that are found in the Kc,," "Torld, although 
these are usually represent cd by dilTcrcnt specics. Thc principal conifers 
are the Scotch pine (Pill us syll'estris) and ?\ orway spruce (Pieea Abies), 
which furnish the "'oods knO\yn as yellO\\" deal and white deal respectively. 
Other conifers include the cluster pine (Pin liS Pin aster) , the stone pine 
(P. Pinea) , the silver fir (Abies alba), larch (Larix decidua), and yew 
(Ta:rus baccala). The American \yhite pinc and Douglas til' are cxten­
sh"cly planted. 

The most important hard\yoods are the oaks, chief among which are 
Quercus Cern's, Q. Robur, and Q. petraea. Other prominent hardwoods 
include the black alder (Alnus glulinosa), ash (Fra;J;inIiS excelsior), beech 
(Fagus sylvatica), birches (Betliia pCllcilila and B. plibescens), cherry 
(Prlllllls Cerasus), chestnut (Castanea sativa), clm (Ulmlls procera), hazel 
(Coryltls Avellana), holly (flex A qll1jolillm) , hornbeam (Carpinlls Belt/lus), 
lime (Tilia cordata), maple (.:lcer pselldoplalanlls) , plane (Platanus 
orientalis), rowan (Sorb liS A Ilcllparia) , blackthorn or sloe (Prulllis spinosa), 
and willow (SalL!; alba). 

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

The so-called Turkish boxwood (Bll;J;US sempervirens), of Southern 
Europe, Asia :Minor, and ?\ orthern Africa, has been used for so many 
centuries that the supply has almost disappeared. The wood is very 
hard, \yith a fine, dense, uniform grain, and a smooth, som'ewhat lustrous 
texture. It is used for blocks for wood engraving, rulers and other 
instruments, shuttles, bobbins, firearms, whips, canes, umbrellas, inlays, 
and tUl'llery. . 

The English walnut (J uglalls regia), known commercially as the Cir­
cassian walnut, occurs from the Black Sca region across Asia l'dinor and 
Persia to northern India. Its hard wood is beautifully figured and takes 
a high polish. )'hterial obtained from burls is especially desirable. It 
is used for furniture and fixtures, millwork, musical instrumeilts, fire­
arms, cabinetwork, turnery, and veneers. 

Olive wood from Olea ellropaea is imported for brushes, canes, and 
turnery; and briar root (Erica 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. As in other localities, much of the original 
forest area has been destroyed. This is especially true of China, where 
centuries of cultiyation haye 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.S.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 
Asiatic 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 arc domi­
nated by teak, while others are composed chiefly of members of the 
Dipterocarpaceae and Leguminosae. Seventy-five per cent of the Philip­
pin~ forest trees belong to the former family. A considerable number of 
these Asiatic woods enter into foreign trade, and a few are importedO<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 Ebenwn), 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 
Pterocarplls in dic liS, is very ornamental. It is red. in color ,,,ith black 
stripes and is very lustrous. It is hard and durable and polishes well. 
Padouk is used for furniture, fine cabinetwork, millwork, car construction, 
turnery, and veneers. It has been introduced into Honduras. 

Satinwood. The East Indian satinwood (Chloroxylon Swietenia) has 
an extremely hard yellowish or dark-brO\vn 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 (Tectonu 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 commereial timbers of the tropics. It is hard and does not 
warp, split, or crack, and so makes a "aluable timber for general con­
struction. It is also "ery 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, 
raihyay cars, fiooring, and greenhouses. Introduced experimentally into 
Panama and Honduras, teak has shown phenomenal growth, in one 
instance attaining a height of 61 ft. and a diameter of 18 in. in 16 years. 

Other important woods of tropical Asia include the acle or pyinkado 
(Xylia xylocarpa) , deodar (Ccdrus dcodara) , sal (Shorca robllsta) , and 
sissoo (Dalbcrgia Sissoo), all used for general construction, and the fol-

lowing cabinet woods: Moulmein cedar (Ccdrcla 1'oolla) , laurelwood 
(Calophyllum inophyllum) , rosewood (Dalbcrgia latifolia), and sandal­
wood (Santalll1n 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 hard\\"oods 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 ill. Important elements of this forest 
are the mangrove swamps along the coast. An open parklike forest 
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occurs 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 Hhodesia. There are many important 
woods that resemble the better known woods of tropical America and 
Asia, but they haye been but little exploited as yet. The United States 
imports only one "'ood, the African mahogany ([(h~ya sCllcgalcnsis), 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 Xmv Guillea with 80 per 
cent, Samoa with 70 per cent, and Tasmania with 64.7 per ceilt. In 
Australia 4 per cent of the forests are coiliferolls;'ll per,cent are temperate 
hardwoods, and the remainder are tropical hardwoods. CO'niferi occur 
in New South \vales;' Queensland, and Tasmania, and temperate hard­
woods only in Tasmania. Tropical hardwoods occur ion all the states 
except Tasmania. These forests rival those of Pacific. North America 
in size and density. The species are different from those fo~nd in other 
parts of the world. :Most of t1~em are eithel' eucalypts or acacias'. There 
are over 70 commercial species' of Ellca(yptlls, the most important of 
which are the karri (E, divcrsicolor) and jarrah (E. 11largillata) of Western 
Australia., The former reaches a height of 300 it., with a ~lear length 
of 180 ft. Other valuable trees are the blackwood (Acacia lIlclan'oxylon) 
and silky oak (Grcvillea robusta). The principal coniferous: species is 
Arallcaria 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 aW31ralis), one of the largest timber-producing trees in the 
world. The wood is strong and durable and yery free from knots. It is 
exported in large quantities. Kauri is also the source of an important 
resin. Other valuable species include the white pine (Podocarpus 
dacrydioidcs) , totara (Podocarplls Tatam) , red pine (Dacrydi1l1l! Cllprcs­
simun), 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 conc~rned 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 red~lCe 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. 

Tanning is a very old industry, dating back possibly 5000 years. The 
Chinese tanned leather over 3000 years ago. The Romans used oa~ bark 
for tanning skins. In more recent times the American Indians utilized 
se,oeral native plants in curing tiJeir buffalo hides. The first tannery in 
the l:nited States was established in Virginia in l(j30. 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 181G the business was worth 
over S200,000,000, and Boston had become one of the ehief leather 
markets of the world. Fifty years later the industry hegan to shift 
westward and soutll\yard, as the hemlock became scarce, and many tan­
neries were established in Pennsyhoania. Here oak was W:led extensively. 
Still later other tanneries sprang up in the Southern states, using chestnut 

118 



TANNING AND DYE MATERIALS 119 

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 illcreaHed 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, aild canaigre. 

SOURCES OF TANNING l\L,\TERIALS 

N early 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 (Tsuga canadensis) 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 t9 
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 (T. 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, \"ith a 26 to 30 per 
cent content, is widely used for heavy leathers. The black oak (Q. 
vel1ltina), 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 (Lithocarplls densijlora) has been utilized 
since 1850. This species has a yield of tannin up to 29 per cent and is of 
increasing importance. Bed 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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FIG. 5S. Hemlock bark r~ady for use, stacked at a :\Iaine tannery. (Photo by U.S Forest 
Service.) 

future as the supply is extensi,oe and virtually untouched. Although all 
mangroves contain tannin, the red mangrove (Rhizophora 111 angle) is the 
chief source. This tree is very abundant in the tropical swamps of both 
hemispheres in tidal areas (Fig .. 59). The present commercial supply 
comes from East Africa, the East Indies, Central and South America, 
where it is a steadily growing industry. :Mangrove bark is very hard 
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Quebracho. Quebracho wood is the world's most important source of 
tannin at the present time. It constitutes over G5 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. GO) 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 lAO. It was originally used for railroad ties. 
The first shipment of tannin was made in 1897. Argentina and Paraguay 
are the ('hief centers of the industry. Formerly the bark and sapwood 

FIG. 60. A quebracho tree (Schinopsis Lorclltzii) in Argentina. The wood of this species 
is the most important source of tanning materials. (Photo by U.S. Forest" Scrt·icc.) 

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 GO per cent. Quebracho is one 
of the quickest acting tails. It 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. iyphinQ, and R. copallina, are an important source of 
tannin. The leaves arc 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 2;j per cent, 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 contp-IlL of 20 io 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. .i\Iost of 
the supply comes from Sicily and southel'll Italy. 

Gambier. Gambier or white cutch is a resinous substance extracted 
from the leaves and young branches of Uncaria Gambir, a climbing 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 tanilin content of 35 to 40 per 
cent and is used for all kinds of leather. Gambier is also used as a dye­
stuff, as a masticatory, and in medicine. 

Fruits 

Myrobalan. Myrobalan nuts are the unripe fruits of two species of 
Indian trees, Tenninalia chebllla and '1'. Bellerica. These trees have long 

FIG. 61. M."woulan nuts, the unripe fruits of Tcr1llillalia chcbula and a related species. 
are imported from India for usc as a tanning material. (Photo by S. J. Record.) 
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been gwwn in India for both the fruits and the timber. The nuts (Fjg. 
(1) ha,'e 11 tannin content of 30 to 40 per cent. 'When used alone they 
yield a spongy leather of a light-yellow color, but in combination they are 

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. (2) of Caesalpinia cori­
aria, a small leguminous tree of the 
'Yest 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. C aesalpinia spinosa, a 
stocky shrub or small tree widely 
distributed in tropical America, has 
fruits which are very rich in tannin, 
-13 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. 

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

FIG. 62. Three important sources of Valonia. The sun-dried acorn 
tannin. .{bore, cubes of gambier or white 
cutch obtained from Ullcaria Gambir; CUps of the Turkish oak (Quercus 
celller, divi-divi pods, the fruit of Caesal- macrolepis) , a tree of Asia :"Iinor 
pinia coriaria; below, Aleppo or nut galls 
from Quercus infectoria. (Photos by S. J. and the Greek archipelago, furnish 
Record.) 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 (Rtlmex 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. 

THE MANUFACTURE OF INK 

Writing inks have been in use from the earlie'st 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 \vas of animal 
origin. 

There are several types of modern inks; the most important being the 
carbon and the tannin inks. . 

Carbon inks differ from all the others inthat they are :paintlike and 
remain on the surface of the paper whereas the l;est are dyelike and soak 
into the paper where they combine chemically"with the fibers.: Chinese 
or I nd1'a 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 (ung 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 \vith rosin, a drying oil 
(usually linseed), some chemical drier, and oft~n soap. • "," 

Tannin inks, which utilize the property that tannin hUs of combining 
with iron salts to give a blue-black color, are the most important kind at 
the present time. 1'1ost 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. (2) have from the outset been the chief source of the tannin. These 
galls are formed on the twigs of the Aleppo oak (QuerclIs 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 \vith ferrous sUlphate; an agglutinant, such as gum arabic; and 
a coloring material, such as logwood. Similar galls produced on Rhus 
chillensz's and other Chinese and Japanese species of sumac are sometimes 
used as :ubstitutcs for Aleppo galls, although they arc much inferior. 
During the First World War these sumac galls were the only kind ayuil-
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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. Log\\"ood ink is especially noteworthy because it 
contains both tannin and a coloring agent as ,,·ell. 

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, luwe been in use among all nations from earliest 
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 permancnt, cheaper, easier to use and 
afford a wider range of colors. Their Use-has gradually led to the aban­
dOlimcnt of most of the plant products. 

Over 2000 different pigments are secreted by plants. The majority of 
these are used only locally by primitivc 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. -
-- Thc chief use of dycs has been in connection with the textile industry. 
Before the)' can be taken up by the fabrics, howe\'er, they must be 
rendel;ed insoluble so they \\'ill not run. This is accomplished by the use 
of mordants; which arc salts of various metals .. 'Yhen fabrics arc steeped 
in a solution containing a weak salt of iron, chromium, aluniinum, or tin, 
a fine hym' of the metallic oxidc is deposited on the cloth. The dye forms 
an insoluble compolmd 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 Lnited 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 nm\" in usc, have been of importance. Butter­
nut bark, for examplc, was used for dyeing homespun, and later for dyeing 
the uniforms of the Confederate army. As in other countries, most of the 
plant pigments hnye been generally supplanted by aniline dyes. For a 
while after 19U, "'hen the First World War cut orf the supply of synthetic 
colors, 90 pcr cent of \\'hich \I'cre madc in Gcrmany, the Lnitecl Statcs 
returned somewhat to tlw use of the natural prodllets. Bcfore long, how-
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ever, a domestic synt.hetic dye industry was built up which by 1939 was 
producing products valued at. S83,000,000. 

Nearly all colors were available in one or another of the plant pigments. 
Hed dyes were obtained from alkanlla, barwood, hrazilwood, cudbear, 
logwood, safflower, sappanwood, and sandalwood; }Tellow dyes from 
annatto, fustic, gamboge, henna, osage orange, Persian berries, quercitron, 
saffron, turmeric, and weld; blues from cudbear, indigo, and woad; greens 
from chlorophyll andlokao; 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 H acmaio:Gylon calll­
pechiallwn, a small, thorny, legumi. 
naceous tree (Fig. 63) with peculiarly 
corrugated and clustered trunks. 
Log\yood is a native species of Mexico, 
but it has been introduced through­
out the tropics. The United States 
obt-uins its supply chiefly from the 
,Vest Indies and Central America. 
The trees can be propagated from 
seed and are no,,' 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 has been made annually, 
has a purplish-red color. It is known 
as haematoxylill. It is used in its 
natural state or with a mordant. 
The presence of a considerable 

FIG. 53. A !ogwood tree (Haematoxylon 
call1jlcchiallllm) in Haiti, showing the 
clustered and corrugated trunks. Log­
wood is an important dyestuff and tan­
ning material. (Photo by C. D. J[ cll; 
courtcsy of S. J. Record.) 

amount of tannin enables logwoocl 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. IIaematoxylin stain finds its greatest use in histological work. 
A related species, the brazilette or hypernic (H. Brasiletto) furnishes a red 
dye used for dyeing leather. 
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Fustie. Fustic is the principal source of natural yellows, browns, and 
olives, and it ranks next to log\\'ood 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 'Yest Indies, Central and South America. The 
light yellowish wood turns a dark yellowish brown on exposure to the air. 
Fustic is exported in the form of short logs, chips, paste, or powder. This 
dye is often called old justic to distinguish it from young justic, a one-time 
suLstitute obtained from the twigs of Cotinlls Coggygria. 

Cuteh. Cutch is a term used for se\'eral 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 dO\yn 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 (J1I aclllra pormjera) 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 sappan\yood. This 
tree is a native of India and Malaya and culth'ated elsewhere in the 
Asiatic tropics. 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, i.e., Brazil. The source of this 1\ ew 'Yorld brazil wood, 
as it is still called, is Caesalpinia echinata, which occurs in tropical America 
and the IV est 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 brazil wood. In both cases the 
color is fugitive and the dyes are not much used today. 

Earwood and Camwood. ::'IIuch confusion exists in regard to the 
identity of these two insoluble red wood dyes, obtained from several West 
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African trees. Baph£a nilida and a related species are probably the source 
of camwood, while barwood is obtained from Plcrocarplls 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. Pterocarpus santa linus, an 
East 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. For many years indigo or ani I 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 tinctoria, the tropical American I. suffrlllicosa, and several 
other species of the same genus. The plants are stiff-stemmed, weedy­
looking annuals or shrubby perennials. The indigo industry was formerly 
widespread and was even carried on in the Southern states at one time. 
Indigo is still culti\Oated in India, Java, and Natal. Curiously enough, 
the dye is not present in the plant itself. The lea yes 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 
bro~en 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 sediplent, \vhich 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 inemzis, a small tree 6 to 8 ft. in height, native to Egypt, 
Arabia, Iran, and India. It is widely culti\Oated in the tropics and sub­
tropics as an ornamental and dye plant. The branches are first cut when 
the tree is three years old, and thereafter byice annually. The lea\Oes are 
dried and ground into a paste. Henna is a very fast dye and was formerly 
used chiefly for fabrics and leather. It is also used in many countries for 
dyeing the hair, eyebrows, and fingernails, and for other forms of personal 
ndornment, 
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Woad. One of the first blue dyes to be used in Europe was obtained 
from the le~LYes of the wand (J salis tilleloria). 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 dyestuff. 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 "'as widely cultivated in all the ilIediterranean region. It 

is still grown in Italy and the Lc\·ant. The dyc is obtained from the root.s 
0f the maddcr (Rubia til/ctOtl/lIl), which oeCUl"i; nsa wild plant in Grecce, 
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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 Alkanlla 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. Turmeric, one of the most important coloring materials of 
India, is obtained from the tubers of C1lrcnma Zonga (Fig. (4). 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 (Querclls 
vel1ttina) , 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. 

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

Flowers 

Safflower. The safflower (Carthamlls fill ctorill s) , 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. (5) 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 is grown commercially for the dye in southern 
France and Bengal. 

Saffron. The saffron crocus (Croclls sativl/s) is the source of this old 
and powerful yellow dye. This plant is a native of Greece and Asia 
~Iinor, but is cultivated in many parts of Europe and in India and China 
as well. 'I'he blue or hvendcr flowers blossom in the fall. The stigmas 
and t.ips of the st.yles arc used for the ext.raction of the dye. These arc 
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clipped as soon as the flowers open and arc dried naturally or with art.ificial 
heaL It takes at least ·lOOO 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 imparts 
a characteristic fla,·or. 

Fruits 

Persian Berries. The dried unripe fruits of a buckthorn, Rhamn11S 
infcctoria, which grows in Southern Europe, Asia r..rinor, 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, ,,,hich also have medicinal properties. This species has been 
introduced into the united States, 
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Seeds 

Annatto. This important coloring material comes from the seeds of 
Bixa Orellana, an evergreen bUoh or om all tree (Fig. Go) native to tropical 
America. It is cultivated in many other tropical countries. There arc 
fe'" more satisfactory trees as regards growth and behavior. They begin 
to bear fruit the second year, and average 300 to GOO lb. to a tree. Each 
spiny pod contains from 30 to 50 seeds, \\"hich are surrounded by a scarlet 

FIG. 66. Bixa Orellana. An important yellow dye, annatto, is obtained from the ari! that 
surrounds the seeds of this tropical American plant. 

aril. This aril yields a bright-yellow dye. Either the seeds are exported 
or the ad is scraped 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. ~Iany South American Indians use 
urucu, as it is called, to paint their bodies red. 

Gum Resin 

Gambol!e. This yellow dye is obtained from a gum resin which is 
exuded from the Siamese gamboge tree (Garcinia II anburyi) 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 yello\\' yiscid juice oozes out, which 
dries on exposure. It is usually collected in hollo\\' bamboos, where it 
hardens into cylinders. The beautiful yello\\' dye is Dolublc in water, 
alcohol, or oil; it is much used by artists, and also giyes a gold tinge to 
the Y1tl'Jlishes 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. 
rt 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 po\\'der 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 \mter. 
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 Jloraccae, E1iphorbiaceae, or Apocynaccac. 
Although well over fifty species are available as sources, only a few have 
been important commercially and at the present time H evca brasiliensis 
stands preeminent. Wild trees were formerly the only source of rubber, 
but now cultivated II c/lca trees, the so-called plantation rubber, furnish 
about 98 per cent of the supply. Rubber 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 GO years or so. In view of this, the 
increase 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 tl~e rubber-growing industry has not been without its drawbacks, 
however. Overproduction has seriously affected the industry financially 
in recent years, and many attempts have been made at some sort of 
regulation. The British and Dutch, in particular, have tried to restrict 
production and exert other methods of control in l\Ialaya, Java, Sumatra, 
and other plantation rubber centers within their empires. The recent 
successful de,·elopment 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, \\"hich utilize three-quarters of the rubber output. 

Latex occurs in special cells or in a series of special yessels 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 caoutchouc, the substance used as the source of rubber. The 
significance of latex to the plant is obscure. It is of some value in tl1P 
healing of wounds, and it may serve for protection, nutrition, the trans­
port of materials or as a fluid reservoir. 

The properties of rubber haye long been known. The primitive 
135 
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Central American Indians were familiar with it, as were the Incas of 
Peru. Their word callcJwc has been altered to the present caoutchouc. 
Columbus was the first to report the existence of rubber to Europeans, 
but it was not introduced into Europe until 1735. The name "rubber" 
was first applied in 1770 by Priestley, owing to the fact that caoutchouc 
could be used for remoying pencil marks. Mackintosh in 1823 developed 
a process for 'waterproofing cloth, but it was not until 1839, when the 
discO\"ery of the vulcanizing process was made by Goodyear, that rubber 
really came into its own. From 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 electrical currents, and the fact that it is impermeable to liquids 
(md gases. 

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

Hevea Rubber 

The Hevea or Para rubber tree (Hevea brasilicnsis) normally is the 
source of from 95 to 98 per cent of the rubber produced throughout the 
world. J:his . tree is a native of the hot damp forests of the southern 
affiuClits of the' Amazon River in South America. It has been estimated 
that there are over 300,000,000 trees in the ,"ast area traversed by the 
;\mazon and the Oi-inoco. '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 oiat least :200 years and may attain a height of GO to 
HO ft. The leaves are three-lobed, and "the flowers arc small and incon­
spicuous. The fruits (Fig. 67) have three seeds, 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 arc natives of swampy floodlands, they 
grow best on deep, fertile, well-drained upland soils at an eleva tion of GOO 
to 1500 ft. above sea level. The latex occurs in a series of vessels in the 
cortex. Several other species of J-I ellca are tapped, including H evea 
Bcnthamiana, which has a high-quality latex, but their production is 
insignificant compared with that of H evea brasiliensis. 

Wild Rubber. In the early days of the industry OIlly 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 j;ubber, wild rnbber production steadily 
declined to as little as 8,500 tons in 1932. Since that time the output has 
fluctuated, depending on price and demand. ~aturally dming the 
recent ,vartime 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 scrillgllicros, who are usually in the employ of 
absentee owners. Each 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 

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 \\"eighing 125 to 200 lb. 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, 187G, Henry 
\Vickham took 70,000 II cvca seeds from the Amazon to England. 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 ill British :l\Ialaya and Ceylon and 
lat'er in .Java, Sumatra, and other areas. There had been earlier attempts 
at rubber cultivation, but plantation rubber did not become permanently 
established until the beginning of the twentieth century. In 1910, when 
Amazon rubber production was at its peak, the East produced only 
11,000 tons. Four years later, hO\\,8\'er, it had outstripped its rival, and 
by the outbreak of the Second 'Yorld 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, etc., 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 \yhich were the 
result of this program, and they obtai lied a yield of 1500 lb. to the acre; 
Theb~O p~r,centiyhich still had a random mixture of trees had a yield of 
only~ ~:l'50 to 500 lb. Breeding experiments give much promise for the 
future. Where contr.olled crosses of high-yield ClOlles have been made, 
yields of as much as 2000 lb. per acre have been obtained. 1\ ot all 
plantation rubber is produced on large estates. The acreage devoted to 
"native rubber/~ grown in small family gardens, is actually more than 
that~~f "estate·'r~lbber.'~ ; 

Pla~tation Rubber in the Western Hemisphere. After 192"", \\"llen 
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 H evea. 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, Dothidclla 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 de"eloped 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. l\Iost 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 proyed yery satisfactory. This consists of budding a 
high-yielding eastern clone onto a native root as soon as the plant is large 
enough. This is grown in a nursery under spray ('ontrol until it is G to 
10 ft. high. Then the top is budded \\'ith a disease-resistant strain. 

FIG. GS. A plantation of Hevea rubber in lowland Honduras. (Photo by Walter H. 
Hodae.) 

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 weIl as extensive explorations in the jungle, 
in the hope of obtaining strains \\'hich combine disease resistance and 
high yield and so "'ill ob\"iate the ex:pensi\"e spraying and double-budding 
practices. 

IYith the cooperation of the United States and the governments of the 
Latin-American countries ill\'oh'ed, rubber is now being grown success­
fuIly in many areas (Fig. (is). Emphasis is being placed on small family 
plant ings, rather t.han large plantations. The rubber trees .arc usually 
set out at intcr\"als of 12 to :;n ft. in rows 20 ft.. apart. Other crops are 
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often planted bet"'een 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 large pans; a coagulant, such as 
formic acid or acetic acid, is added, and in a few hours a mass of soft 
rubber results. Blocks of this are washed and run between rollers to 
form thin sheets. These are. smoked and baled for shipment. Other 
types of crude rubber may be prepared. 1Y orm rllbber consists of 
irregular wormlike· pieces cut from sheets with a pair of shears. Crepe 
rubber is made by passing washed and bleached coagulated latex through 
a creping machine 'which turns out long, thin, perforated strips of rubber. 
In the preparation of sprayed rubber, latex is dropped on whirling disks 
and little particles of rubber are thrown off. Any moisture quickly 
evaporates. This kind of rubber is exceedingly pure and clean. 
. A steadily increasing amount of liquid latex is exported. This requires 
immediate processing in the field and is feasible only for large plantations. 

Castilla Rubber 

Castilla or Panama rubber is obtained principally from Castilla elastica, 
a tall native tree of lVIexico and Central America. It has been known, 
under many local names, since _l79'! and was the chief source of rubber 
until 1850. Several other species of Castilla may be utilized, among 
them C. Ulei _of -the Amazon r~gion, the source of caucho rubber. C. 
elastica grows in deep loamy soil on high ground and may reach a height 
of 150 ft. It requires a temperaEure abo\'e GO°F. and must have shade 
when young. Today, as in the past, the trees are all too frequently cut 
dmvn in order to obtain the largest possible yield of latex. This wasteful 
method might lead to the extermination of the species, and more con­
servative methods have been recommended. The trees are tapped (Fig. 
69) when eight to ten years of age, adult trees yielding up to 50 lb. of 
latex. This is coagulated with plant juices, alum, and by boiling or 
exposure to the air. The crude rubber is shipped in flat cakes. Castilla 
rubber was at one time extensively culti\·ated in Central America under 
plantation conditions, but it could not compete successfully with Hevea 
rubber and most of the plantations were abandoned. The surviving 
trees were the source of much of the emergency supply of Castilla rubber 
used during the Second W orld War, 
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Ceara Rubber 

Ceara or manicoba rubber is obtained from J[ anihol Glaziovii, a small 
tree (Fig. 70) native to the desert regions of Brazil. It grows well in dry 
rocky ground, and so can be utilized in areas unsuitable for other types of 
rubber. The tree grows very rapidly, reaching its maximum height of 30 
ft. in a very few years. Ceara rubber is now grown in Ceylon, India, and 

many other tropical countries. The trees are tapped when four or fiye 
years of abe and yield a good grade of rubber. The latex is coagulated by 
exposure to air or smoke. The crude rubber is exported as blocks or flat 
cakes. 

Assam Rubber 

Assam rubber, or India rubber as it is more familiarly caned, is obtained 
from Ficus elastica, a native tree of northern India and ilIalaya. The tree 
requires a bot climate and a large aIllount of rainfall. It often starts life 
as an epiphyte. It grows to a great height, developing huge buttresses or 
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FIG. 71. An India rubber tree (Ficus elastica) in Colombo, Ceylon, showing the huge 
bllttres~es and prop roots. 
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prop roots (Fig. 71). Our familiar greenhouse plants resemble young; 
wild plants. The roots as well as- the stem are tapped. The latex is 
allowed to drip onto bamboo niats, ,,,here it coagulates. A large amount 
coagulates on the trunk as well. This crude rubber-is scraped off, cleaned, 
and dried. The native methods of tapping the \,'ild trees have been very 
wasteful, so the tree is riow cultivated to soine extent. The yield is low 
ar)-d the trees do not mature until about 50 years-orage. Assam rubber 
is of low grade and is_of little or no commercial importance at the present 
time. -

-Lagos Silk Rubber 

Lagos silk rubber comes from FlIlltmnia elastica, a large tree of tropical 
\V est Africa. It was discoyered in 1894, ,but was immediately exploited 
by such wasteful methods tliat it has been nearl~r ext~rminated., In 1898 
over 6,000,000 Ib: were exported. The tree is no,,' being cultiv~fed and 
an attempt made to reestablish the_ industry .. Plantatlons o( Hevea 
rubber, however, are the' chief source of rubber as fa{a~ 'W e~t .:\_frica is 
concerned. - . ' --

Landolphia Rubber 

Other former sources of African rubber were several woody climbers 
belonging to the genus Landolphia. The most important of these ,,'ere 
L. Kirkii on the east coast andE. Iieudcloiii mid L: oW(lI;iimsis'O~l the west 
coast .. These huge .\'ine~, sometinies G in. in dianieter~ were pulled down 
and cut into- small pieces. The latex that exuded '\nl;S"coaguitited with 
plant juices or the heat ~f the SU~l, sometimes even on the bodies of the 
native collectors. The most' ,,~asteful methods were emplo)~ed, for: it large 
immediate yi~ld was all that was desired. The~wor'st feature ~n connec­
tion with this particular l'ubber industry; h~we,rer, was the -barbarous 
treatment of. the natives. The_ story of the ope'rations in, the Belgian 
Congo during the reign of Le.opold II )yill always, remain' one .of the 
blackest pages in history. Although thei'e is stilLa considei'able amount 
of ~Yild landolphia rubber, there seems to 5e 'but little future fOl~",it, for 
the African nati,res are the most ignorailt oLall rubber collectors alld can­
not be taught .proper methods of 'tapping: Fu1·thermore cultivation is 
impracticable owing to the habit of the plant. ' 

Guayule Rubber 

The guayule (Pal'lhelliw)!. argellinilllll), a native American species, has 
been utilized since 19l0 as a minor source of rubber. ·This low semi­
shrubby plant (Fig. 72) grows in the arid regions of -Mexico and the 
south~rn Unitcd States. It was kno\\'ll to the early Indians, ,,,ho obtained 
the caoutchouc by chewing the plants. unlike the other sources of rub-
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ber, there is no latex present in the guayule plant, but little granules of 
caoutchouc are scattered all through the tissues. Thesc are extracted 
mechanically or by means of solycnts. The entirc plant is pulled up and 
chopped up or ground with water. The particles of caoutchouc float to 
thc surface and arc remo\'ed. They are then dried and pressed into slabs. 
If the resinous materials are removed by soh'cnts thc product is as good 
as the best Heyea rubber. Guayulc rubbcr is especially good for mixing 
with synthetic rubber substitutes. Guayule has bccn adaptcd to planta-

tion culture, and it was extcnsively investigated as part of tlie Emergency 
Rubber Program. The yield has been increased, the life cycle shortened, 
and impro\'ed cultural, harvesting, and processing machinery developed. 
Production costs are still too high for it to compete with I-Ievea rubber 
save in an emergency. The importance of guayule for the futurc lies in 
the fact that it constitutes a living stockpile of rubber on land which 
otherwise would be idle. 

Dandelion Rubber 

The Russian dandelion (1'araxacllIn ko!;-saghyz), a close relative of the 
common dandelion, was discoycred in 1931 by Russian botanists who 
were searching for new economic plants. Rubber is present in consider­
able quantities 'in latex tubes in the long tap roots. The yield has been 
increased by selection and breeding, and the plant is grown on. some 
2,000,000 acres in the Soviet Union. Seeds were brought to the United 
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States in 1942 and planted experimentally in -12 states. Vigorous plants 
with greater root weight and rubber content were segregated. Con­
tinued research may well bring about a yield of 400 to 500 lb. per acre. 
The chief advantage of the Russian dandelion is that it is a temperate 
zone plant and well adapted to the Northern states and Canada, where it 
can be harvested the year it is planted. Under the most favorable condi,.. 
tions it might be profitable to grO\v this species as a minor source of 
rubber. It is cultivated for this purpose in Argentina. 

Minor Sources of Rubber 

l\Iany other species of plants have been experimented with as a possible 
source of rubber; Among these rna}' be mentiOlied intisy (Euphorbia 

Intisy). This leafless shrub (Fig. 73) of the arid regions of Madagascar 
contains a latex that has had considerable use locally. The rubber 
coagulates on the surface of the plant in long elastic strands and is of high 
grade. Attempts have been made to cultivate intisy in the United 
States, for it is well adapted to the desert conditions of the Southwest. 

Cryptostegia grandiflora and C. madagascariengis, ornamental woody 
climbers native to ~Iadagascar but now found in the tropics and sub­
tropics of J)oth hemispheres, were widely heralded during the Second 
IVorld IVar as a new source of rubber. These species have been grown 
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for many years in India as the SOUl'te of the high-grade palay rubber. 
They arc abundant in ).Iexito, otcurring in a wiele \'ariety of soils and 
climates. They seem to be the hardic::;t and fa::;test growing of all rubber 
plants, attaining halTesting age \yithin six months. Apparently they 
afford considerable promise for the future, but actual attempts in Haiti to 
grow them on a large scale failed owing to the difficulties of extracting the 
rubber. 

Other rubber-bearing plants of local importance include the mangabeira 
(H a/lcornia spcciosa), a shrub or small tree of Bo!i\'ia, Brazil, and Para": 
guay; a species of Jf7'cralldra which yields the caura rubber of Venezuela; 
and \'arious species of Sapillm'in Northern South America. A few native 
X orth American plants have a rubber-containing latex. Among those 
which have attracted some attention may be mentioned the desert milk­
weed (Asclepias sllbulata); the Indian hemp (Apocynum call1labinlllll); 
several goldenrods, particularly Sol1'dago Lcavenworihii, \\"hich was exten­
sively investigated by Thomas A. Edison; species of the rabbit brush 
(Clzrysotlzamnlls), the source of chrysil rubber; and species of CnidoscolllS, 
from ",rl1ich chilte rubber is obtained. 

Production and Use of Rubber 

From 1938 to 1940 the ,,,orld's trade in crude rubber averaged 1,085,420 
tons, with 99 per cent coming' from Southeastern .. -\.sia. British IHalaya 
led in exports with 415,918 tons, follO\\"ed by Indonesia \"ith 402,745 and 
Ceylon with 66,421. Other impmtant producing countries \\'ere Indo­
China, Thailand; Borl1eo, India, and Burma. The United States is the 

. greatest conslimer of rubber, often using as much as the rest of the \\'orld 
combined. Great Britain, France, Italy, the U.S.S.R., and normally 
Germany and Japan are next in order. 

Rubber is one of the most indispensable of plant products and it has a 
wider range of industrial uses than any other material. O\'er 75 per cent 
of the crude rubber is used for tires and inner tubes. Other uses include 
rubber boots and shoes; mechanical goods such as hose, tubes, and belting; 
waterproof clothing; druggist's :-:upplies; insulated wire and other elec­
trical goods; toys; machine packing; and cements. Hard rubber, which 
is prepared by vulcanizing crude rubber with 30 per cent sulphur, has 
many additional uses and is especially \'aluable for surgical appliances 
and telephone and radio parts. A new and promising usc is in road 
construction. 

GUTTA-PERCHA 

Gutta-percha is a nonelastic rubber obtained from the grayish-white 
latex of several members of the Sapotaceac. The chief source is Pala­
quiwn Gutta, a tree of nIalayan origin which now grows in Borneo, 
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Sumatra, the Philippine Islands, and ot.her tropical countries as well. 
The latex is produced in sacs, which occur in the cortex, phloem, pith, 
and leaves. It is obtained by making incisions from ,,,hich the milky 
juice runs out very slowly, or by felling the trees (Fig. 74). This latter 
is the more usual method. The bark is removed in strips 1 in. in width 
and 1 ft. apart, and the latex is caught in coconut shells or in palm or 
plantain leaves. The latex soon coagulates into grayish-yellow masses 
of a hard substance, which is odorless and heavier than water. This 
crude product contains seyeral resins and other impurities, and is purified 
by washing in hot water. The whole mass is boiled and then kneaded 

FIG. 74. .A gutta-pereha tree (Palaquiurn Gutta) felled and ringed. This is a very destruc­
tive method of obtaining the latex. (Photo by thc Philippinc Bureau of Forestry.) 

into blocks, or it is chopped or sliced up and the pieces are washed, 
strained and kneaded, and then rolled into thin sheets. The yalue of 
gutta-percha depends on the amount of a hydrocarbon, gutta, that is 
present. 

Gutta-percha is hard at ordinary temperatures. It ~eteriorates very 
rapidly in the air through oxidation and should be kept under water. It 
softens at 77°F., can be kneaded at 122°F., and melts at 248°F. Because 
it is an exceedingly poor conductor of electricity it is much used for 
insulation. No other material can replace gutta-percha and the similar 
balata in the construction of submarine cables, which require a substance 
that is resistant to salt water, pliable, and with just the right amount of 
rigidity. Ot.her uses include splints, supports, pipes, golf balls, speaking 
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tubes, telephone receivers, waterproofing, and adhesives. It is also 
utilized for protecting wounds and in dentistry. Although little known 
outside a limited circle, gutta-percha is indispensable in the world's 
work. It has been knmvll since 1842. 

BALATA 

Balata is a nonelastic rubber that is obtained from the latex of 111 anil­
kara bidcl/lala, formerly known as JI illlllSOPS Balala, and other species of 
the genus. 111 anilkara bidclllala is a native of Trinidad and South 
America. It is a magnificent tree "which grows to a height of over 100 ft. 
IYhen mature, its purplish wood is very hard and durable and is much 
used for ties and building purposes undei'"'the name of bully wood or 
bullet wood. The fruit is edible. The latex is obtained by tapping the 
trees three times each year. It flo\\'s freely and readily coagulates in the 
air. A tree 3 ft: in circumference will yield from 50 to' 100 lb. of dry 
balata. After coagulation it is cleailCd and molded into cakes. Balata 
contains about 50 per cent of gum. It serves the same purpose in indus­
try as does gutta-percha. It is particularly well adapted for machine 
beltings as it grips tightly and never stretches. It is also used as a sub­
stitute for chiCle. Balata' has been known since 1859. Unlike gutta­
pereha, it has 11e\'e1' been cultivated and probably will always remain a 
wild crop, since ilO successful system of tapping has been devised without 
fatal injury to the tree. 

The Amazon region produces several inferior types of balata, chief of 
which is abiurana or coquilana obtained from Ecclinllsa Balaia . 

. ]ELUTONG 

.T elutong is obtained principally from Dycra costuZaia and related 
species. These :\Lilayan trees lun'c an astonishing flow of latex, greater 
than all the other latex species together. From 1910 to 1915 this mate­
rial was exploited as a source of rubber. The latex, however, is full of 
gums, resins, and other impurities, and it yielded such a poor grade of 
rubber that it was soon discarded. .Telutong is now used chiefly as a 
substitute for chicle. 

CHICLE 

The sapodilla or naseberry (Achras Zapota) is a tall evergreen tree, a 
native of the Yucatan Peninsula. It is cultivated in tropical America 
and Florida for its edible fruit. The bark contains a latex, 20 to 25 per 
cent of which consists of a gutta-percha-like gum. This gum is knmnl 
as chicle, and is the basis of the chewing-gum industry. It is also used 
in making surgical tape and dental supplies. 

The most primitive method of obtaining the chicle is to tap the trunk 
and then scrape the thickened exudate from the bark. The rrmle or 
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loaf chicle consists of pink or reddish-brown pieces mixed with 25 to 40 
per cent of impurities. In southeastern l'dexico and British Honduras, 
where the industry is carried on most extensively, the natiye collectors, 
or chicleros, arc more careful. Zigzag gashes are cut in the trunk .with 
machetes, up to a height of 30 ft. The latex runs to the base of the tree 
where it is collected in rubberized bags (Fig. 75), lea"es, or e,'en hollows 
in the earth. This accounts for the grains of sand that are sometimes 
found in chewing gum. The flow of latex lasts for several hours and the 

yield may be as much as GO qt. In order to conserve the supply, planta­
tions arc now being established. These are not very practicable, how­
ever, for the trees can be tapped only every two or three years. 

The hardened chicle is boiled, a process that requires considerable 
skill, for the chicle must be poured off when the moisture content reaches 
33 per cent. It is then molded into blocks for shipment. Raw chicle 
contains resin, gutta, arabin, calcium, sugar, and various soluble salts. 
It is purified by being broken into small pieces, washed in a strong alkali, 
neutralized ,,,itll sodium acid phosphate, washed again, and then dried 
and powdered. The final product is an amorphous pale-pink powder. 
This is insoluble in water and forms a yery sticky mass when heated. As 
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it ages, it is partially oxidized, turns brown, and becomes very brittle. 
The final steps in the manufacture of che\\'ing gum involve cleaning, 
filtering, sterilizing, and compounding with various flavoring materials. 
As it comes from the final processing, 13 lb. of chicle make about 5000 
pieces of chewing gum, A piece of gum usually contains about 15 per 
cent chicle, the remainder being chicle substitutes, sugar, and flavoring 
suhstances, :i\Iany attempts h::we been made to discO\'er other natural 
or synthetic products that might he used as substitutes for chicle. 
Inferior latex from other sapodillas, balata, and jelutong are all utilized 

to some extent. Sorva or leche caspi, obtained from COU1na macrocarpa, 
a large tree of the upper Amazon and its tributaries, was extensively 
exploited during the Second W orId War. The tree, which has a· very 
abundant latex (Fig, 76), is cut down, ringed, and the latex is collected 
in cups made from palm leaflets. The latex is coagulated by boilirig and 
is shipped in the form of large blocks. The white wood of this species 
is used for furniture, and the fruits haye a mucilaginous but edible pulp. 

The United States is the great chewing-gum nation and uses about the 
entire output of chicle. The supply is imported chiefly from British 
Honduras, Guatemala, and l\Iexico. 



CHAPTER VII 

GUMS AND RESINS 

GUMS 

The true gums are formed as the result of the disintegration of internal 
tissues, for the most part from the 'dec~mposition'of cellulose, through a 
process known as gummosis.· Gums contain a.large ainount of sugar and 
are closely allied to the pectins; They are colloid~tl in nature and soluble 
in water, either dissolving completely or sweliing,: but are insoluble in 
alcohol and ether. TheY exude naturally from the stems, or in response 
to wounding. The commCl~cial gums- reach the mar~et in the form of 
dried exudations. Gums are especially common in plants of dry regions. 
They find their grcatest use as adhesives; and are also used in printing and 
finishing textiles, as" a sizing for paper, in the pa"int and candy industries, 
and as drugs. The three most important commercial gums are gum 
arabic, gum tragacanth, and ·karaya gum ... 

Gum Arabic. Thi~ i's a dried gummy exudation obtained from Acacia 
Senegal ami related ~pecies, small' nativc "trees of arid X orthern Africa. 
They are extensively culti"ated in the Slldair. Thc' trees are tapped 
bebyecn February and 1\lay, when .. the fruits are. ripe. Transverse 
incisions are made "'ith it small ax, (Fig. 77) and thin~strips of the outer 
bark are torn off. The gum slowly exude; D:~ a viscolls liquid, collects in 
a drop, and hardens. After thrce to eight wecks these "tears" are 
collected. They are bleached by the sun, and the impurities are removed 
before shipping. . Gum arabic was used by the Egyptians as' early as 
2000 B.C. Sudan gum has been an article of commerce since A.D. 100. 
Several kinds reach the world':;; markets. Kordofan or hashab gum is 
exported from the region around Cairo and Port Sudan, while Senegal 
gum comes from north of the Senegal River. Gum arabic is slowly and 
completf'ly soluble in cold water and has a high degree of adhesiyeness 
and viscosity. l\lost of it is used in the textile, mucilage, paste, polish, 
and confectionery industries, and as a glaze in painting. In medicine it is 
used as an emulsifying agent and as a demulcent; 

Gum Tragacanth. This gum forms as a result of the transformation of 
the pith and medullary-ray cells into a mucilaginous substance that 
exudes naturally or after the bark has been punctured or excised. It 
comes fro:n Astragalus glllllmijer and other species of the genus, thorny 
shrubs of the arid regions of "\Vestern Asia and Southeastern Europe. 

151 
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The gum is allowed to dry on the bark before it is collected. It reaches 
the market in one of three forms: tears, which are the dried natural 
exudation; vermiform gum, which consists of narrow twisted coils or 
strings; and flakes, which arc ribbonlike pieces. :Most of the commercial 
supply comes from Iran and Turkey. Gum tragacanth is used in calico 
printing and for athol' industrial purposes. It is one of the oldest drugs 
and was known three centuries before the Christian era. In modern 

FIG. 77. A native tearing away the bark of n gum-arabic tree (Acacia Seneaal) so that the 
gum may exude. The gum-arabic industry i8 carried on in the Sudan all(1 other regions of 
Northern Africa. (Reprodllced by permission from Toothaker, Commercial Raw JIalerials, 
Ginn and Company.) 

medicine it serves as an adhesiye agent for pills and troches and for the 
suspension of insoluble powders. 

Karaya Gum. This gum has become very important in recent years as 
a substitute for tragacanth, and several million pounds are imported 
annually from India. It is used in the textile, cosmetic, cigar, paste, and 
icc cream industries. Karaya gum is obtained from Sterculia 1trenS, a 
large tree of central India. Incisions are made into the heartwood; the 
gum oozes into these and accumulates as large irregular knobs. These 
are collected, sorted, and graded. The gum enters the trade in the form 
of tears or a pOWder. It is known by a great variety of names: karaya, 
kadaya, katira, kuteera, katilo, kullo, India gum, and Sterculia gum. 
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Other Gums. :Many other plants produce gums of some commercial 
importance. Gum ghatti, obtained from AIlOgcisslis latifolia, a large tree 
native to India and Ceylon, is llsed as a substitute for gum arabic. The 
leaves are used for tanning. Ferollia Limonia and Goehlospcrmwn 
religiosum in India, Burma, and Java yield gums which are also used in 
place of gum arabic. The Asiatic Gyeas eireinalis is the source of cycas 
gum. The carob (Ccratollia Siliqlla) produces tragasol, a mucilaginolls 
hemicellulose occurring in the pods. In the United States, mesquite gum 
is obtaiilccl from Prosopis jlll1}lora, P. glalldulosa, and other species, while 
cherry gum comes from various specics of Prunus. 

RESINS 

Resins represent oxidation products of various essential oils and are 
very complex and varied in their chemical composition. The resin is 
usually secreted in definite cavities or passages. It normally oozes out 
through the bark and hardens on exposure to the air. Usually tapping is 
necessary in order to obtain a sufficient amount to be of commercial value. 
Commercial resins are also often collected from fossil material. Resinous 
substances may occur alone or in combination with essential oils or gums. 
Unlike gums, resins are insoluble in water, but dissolve in ether, alcohol, 
and other solvents. Resin production is widespread in nature, but only 
a fe\y families are commercially irilportant. These include the Alla­
cardiaceac, B Ill'seraecae, Dipteroearpaccac, Glittijcrac, If amameHdaeeae, 
Lcgulilinosac, Liliaecae, Pinaecae, Styracaeeac, and U1llbcll~ferac. It is 
often difficult to trace the exact botanical origin of a resin, especially in 
the case of fossil and semifossil types. 

Resins are probably of some selTice to the plant by preventing decay. 
This is due to their high ~lntiseptic qualities. They may also tend to 
lessen the amount of water lost from the tissues. 

Resins possess certain characteristics that render them of great impor­
tance in industry. Their ability to harden gradually, as the oil that they 
contain evaporates, makes possible commercial varnishes. The resins 
are dissolved iIi solvents, and surfaces are then painted \yith the mixture. 
As the solvents and oils evaporate, a thin waterproof layer of the resin is 
left. Resinous substances have been utilized for \yuterproof coatings, 
and also for decorative coatings, for ages. The ancient Egyptians var­
nished their mummy cases. The utilization of lacquer in the arts has 
been practiced in China and Japan for centuries. The Greeks and 
Homans were famiiiar with many of the same resinolls materials that are 
in use today, as, for example, amber, mastic, and sandarac. Another 
property "f resins that is of industrial importance is their ability to dis-
601n in alkalies to form soap. Resins are also llscd in medicine i for sizing 
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paper; as a stifTening material for mats; in the preparation of sealing wax, 
incense, and perfumes; and for many other purposes. 

The classification of resins is in a ,'ery chaotic condition. The same 
term is often used for very diYerse materials. In the trade, resins are 
often referred to as gums, while such terms as varnish resins, hard resins, 
spirit varnishes, balsams, gum resins, damar resins, soft resins, a.nd ma.ny 
others are used more or less indiscriminately. The chemical differences 
between the yarious groups are much more definite. For our purposes ,ye 
shall distinguish three groups: the hard resins, oleorcsins, and gum resins. 

HARD RESINS 

The hard resins contain only a little, if any, cssential oil. They are 
usually :5olid, more or Ics:5 transparent, brittle substances with no particu­
lar odor or ta:5te. They are readily fusible and burn in air with a smoky 
flame. They are nonvolatile and are very poor conductors of electricity. 
When friction is applied, they become ncgatively electrified. The hard 
resins constitute the best source of varnishes, O\\"ing to their low oil con­
tent and the readiness with which they dissolve in alcohol. The most 
important commercial resins, such as the copals and damars, belong to 
this group. Hard resins are also used iil paints, inks, plastics, sizing, 
adhesives, fireworks, and many other products. 

Copals 

The copals comprise a considerable group of resins of recent, semi fossil, 
and fossil origin, which are found in many tropical and subtropical coun­
tries. The ,yord "copal" is of ~Iexican origin. :i\Iany of the harder 
copals are known as animes, especially in England. The copals contain 
almost no oil, and yield a hard elastic varnish, which is much used for 
outdoor work. Se\'eral types are known which are quite 'diversified in 
character and source, 

East African Copals. Zanzibar copaZ and the closely allied Jl[ adagascar 
and J[ ozambique copals are deriyed fl:om Trachylobiull! verrucoSllJn. 
Zanzibar copal is the hardest of all resins except amber and is yery valua­
ble. The resin exudes naturally from the trunk, branches, and fruit. 
Most of the commercial supply, however, is obtained from semifossil 
material, derived from still living trees, and fossil material from trees that 
no longer exist. This fossil copal, as it is dug from the ground, is covered 
with a crust of oxidized material. After this has been removed, the copal 
shows a characteristic surface, known as "goose skin," which consists of 
large and small excrescences. The interior is clear and transparent and 
varies from yellow to hrownish red ill eolOl". 

Inhambane copaZ, of little eommereial importance, is oht::tined from 
Copaifera conju{lata, a valuahle timhcr tree of the Southeast African coast. 
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West African Copals. The West African copals include a considerable 
number of hard resins, and arc usually designated by the name of the 
region from which they are obtained. The most important of these are 
the Congo, Angola, Sierra Leone, Accra, and Benin copals. 

Congo copal is the most important of the West African copals, as it is 
very hard, and has been extensively exploited in recent years. It is 
derived from Copaifera Demellsii and C. mopane, which are characteristic 
trees of the Congo basin. Although living trees furnish some of the sup­
ply, the greater part is obtained from the ground or from watercourses, 
and is more or less fossil in nature. The white and red Angola copals are 
derived from the same two species. 

Sierra Leone copal is a light-yellow, hard, and brittle resin that is 
obtained from Copaifera copallifera and C. Salikounda. Living trees are 
wounded and the resin exudes and hardelis in the form of globular tears. 
Some fossil material is also obtained. Because of the value of this copal, 
the trees are protected by the Sierra Leone government. 

:iccra and Benin copals are probably derived from Daniella Ogea and 
related species. These large trees are found in the coastal forests of 
Liberia, the Gold Coast, and Nigeria. The resinous exudation, known 
locally as ogea gum, is becoming increasingly important as a varnish resin. 

Kauri Copal. Kauri copal or kauri. gum is one of the most valuable of 
the hard resins. It is obtained ·from the kauri pine (Agathis australis), 
which is New Zealand's largest and most important tree (Fig. 78). The 
copal is chiefly fossil in nature and is dug up on ridges and iIJ s\vamps and 
boggy ground. "Swamp gum" furnishes the bulk of the supply, and 
ranges in size from pieces 1 or 2 in. in diameter to lumps weighing 100 lb. 
"l1ange gum" yields the b~st grade of ka~ri. . An inferior "bush gum" 
is obtained by tapping living trees. Kauri is yellow, transparent, and 
very hard. It is an exceedingly valuable varnish resin, especially for 
marine and outside work. It is also used in making linoleum. Kauri 
constitutes one of the chief exports of New Zealand, and the industry is 
controlled by the government. 

Manila Copal. The first shipments of this important copal were made 
from :Manila and the name has persisted, although today 75 per cent of 
the product is shipped from Indonesia. The source of all the East 
Indian, Philippine, and IVlalayan copals, of which there are many different 
kinds, is Agathis alba. This tall conifer,- which reaches a height of 200 ft., 
is a characteristic tree on high ground. The resin exudes naturally, and 
is also obtained by systematic tapping. Some of the supply is derived 
from fossil material and consists of large, irregular, angular, milky pieces 
with a yellowish interior. Hard, semihard, and soft copals are included 
among the many different kinds in the trade. Pontianak copal, a semi­
fossil type from Borneo, is the hardest variety and is especially popular in 
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the United States. :i\hnila copal vUl'Ilishes are durable, but they do not 
adhere strongly to surfaces and they are not very brilliant. They are 
used chiefly for interior "'ork and enamels. These copals are often 
erroneously called damars, although they are quite distinct from the true 
damars. 

South American Copals. The South .\merican locust (Hymellaea 
COI/J'baril), a tall tree of Brazil and other parts of tropical America, is the 

chief soqrce of the South American copal. The stems, twigs, and even 
the fruits exude a large amount of resin, which trickles to the ground. 
The commercial resin is collected from the base of living trees, and former 
trees as well, and is marketed as Demerara, or Pam copal. It is the 
softest of all copals, and consequently the least valuable. 

Damars 

Considerable confusion exists in regard to the application of thc term 
"damar." The word is of ?lIalayan origin, and is used by the natives to 
indicate a torch made of decayed wood and bark, mixed with oil and 
powdered resin, wrapped in leaves, and bound with strips of rattan. 
Originally it did not refer to any specific tree or resin .. Gradually t~e 
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word came to be a collective term for a great .variety of hard resins of 
quite difIerent origin, and included even kauri and manila copal. In the 
commercial trade, however, the term" damar" is practically restricted to 
resins that are obtained from members of the Diplerocarpaceae. A few 
resins from species of the B1lrseraceae are included. This distinction 
should be maintained, for the true damars are very different chemically 
from the various coniferous resins. For example, unlike Manila copal, 
damar is insoluble in chloral hydrate, but completely soluble in alcohol 
and turpentine. 

The trees that yield damars (Fig. 79) are characteristic of all South­
eastern Asia, and are particularly abundant in lvlalaya and Sumatra. 
Although all members of the Diplcro-
carpaceac secrete resin, comparatively 
few species are of commercial import­
ance. These are found chiefly in the 
genera Balallocarplls, H opca, and 
SllOrca. Damars are especially im­
portant in J:Vlalaya and are obtained 
by tapping the trees. The most im­
portant ~Jalayan varieties are Damar 
~Iata E.uching from IIopea micrantha 
and related species, Damar Penak 
from Baiallocar1J!1s If eimii, and Damar 
Temak from -SIlO rea hypochra. The 
principal damars of India are sal 
damar from SIlO rea rob usia, white 
damar from Valeria indica, and black 
damar from Callariwn strictum. 
Damars are also produced in Borneo, 
Java, Sumatra, Thailand, and Cochin 
China. The most outstanding com­
mercial variety of damar is the so­
called Batavian damar, a product of 
Shorea 1V iesncri, a species found 111 

Java and Sumatra. 

FIG. 79. A dipterocarpus tree boxed for 
gathering the resin known commercially 
as damar. (Photo by the Philippine 
BUTeau oj POTestry.) 

The so-called East India resins are products of the same trees that 
yield damars. They are older and harder and are often gathered from 
the ground or from watercourses. 

Damars are used chiefly in spirit varnishes and the manufacture of 
nitrocellulose lacquers. Damar varnishes adhere better than ?danila 
copal varnishes, but are softe!" and less durable. They are particularly 
"'ell adapted for varnishing pape!" because of their luster and light color. 
They are also used for indoor work and in histology. 
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Amber 

Amber is a fossil resin found chiefly along the shores of the Baltic Sea. 
The principal source of Baltic amber was the now extinct pine, Pinus 
sllccillijera, a species that flourished on the shores of a former sea in 
Eocene time. Amber is an exceedingly hard and brittle substance. It 
occurs in several forms, the most important of which is succinite. Some 
of these forms are transparent and others are almost opaque. The color 
yaries from yellow to brown and even black. When rubbed, amber 
takes on a high polish and becomes negatively electrified. It also gives 
off a characteristic aromatic odor. Amber has been known for thousands 
of years. The Swiss Lake Dwellers were familiar with it, and it was 

, 
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FIG. 80. Oriental amber carvings and a block of unpolished amher. Amber is a fossil 
resin, secreted chiefly by the now extinct Pill us succinifcra. (Collrtesy of the Botanical 
JIlIscum of Harvard Unirersity.) 

highly prized by the Greeks and Romans. It has always been used for 
beads and other ornamental purposes, and is often carved (Fig. 80). 
Today the chief use of amber is for the mouthpieces of pipes and holders 
for cigars and cigarettes. The darker grades yield a valuable van~ish, 
but it is too expensive to be used much. Amber is also used to increase 
the elasticity of rayon fibers and as the source of an essential oil. Scien­
tifically amber is of interest for there are often found imbedded in it the 
remains of plants, insects, and other objects which existed at the time 
the fresh resin was exuded from the pines. 

Lacquer 

Lacquer is a natural yarnish that is exuded from various Asiatic trees, 
and enormous quantities of it are used in oriental countries for ornamental 
purposes. The principal source is the lacquer tree (Rhus vemiciflua), a 
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native of China, but long cultivated in Japan. The trees arc care­
fully cultivated and systematically tapped. The exudation is a milky 
liquid which darkens and thickens rapidly on exposure. It can be kept 
unchanged, however, for long periods by storing in closed containers. 
Before use it is filtered. When applied as a varnish, the thin film rapidly 
hardens in a moist atmosphere, owing in part to oxidation. Lacquer 
affords a remarkable protection as it is unchanged by acids, alkalies, 
alcohol, or heat up to l60°F. \Vhen pigments are used, they are mixed 
with the lacquer before drying. 

The art of lacquering originated in China centuries before the beginning 
of the Christian era, and reached its highest development in that country 
during the lVling dynasty (A.D. 13G8-1G-14). In Japan the first records 
go back to the fourth century, when lacquer was used for many purposes. 

FIG. 81. Gold and cinnabar lacquer, the work of Japanese artists. (Courtesy of the 
Botanical "[uscum of Harvard University.) 

The earliest specimens extant belong to the sixth century. The art 
reached its height during the seventeenth century, though much fine 
work was produced as late as the nineteenth century. The Japanese 
have outstripped their predecessors as regards the excellence of the 
products (Fig. 81) in all fields except the carving of lacquer. They have 
been especially skilled in the use of gold as a color. The process of 
lacquering is a very complicated and tedious one. In some cases from 
300 to 400 coats arc applied and the whole operation requires several years 
for completion. The technique was kept a secret for many years. 

Bllrme·se lacqller is obtained from llIelanorrhoea tlsitata. It dries more 
slowly than Japanese lacquer, but has been much used in recent years in 
an attempt to build up a native lacquer industry in Burma. 

Natural lacquers are also obtained in Formosa and Indo-China. In 
the latter country Rhus sllccedanea is the source. 

Shellac 

Although not strictly a plant product, shellac deserves some considera­
tion. It is prepared from stick-lac, a resinous substance secreted on the 
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twigs of many trees by an insect, Tachardia locca. The lac insect deriyes 
its food from the sap of the trees and secretes the resin as a sort of cocoon 
for the protection of itself mid its young. Although some -10 species may 
serve as hosts for the insect, only seven arc important, and these are often 
cultintted. They include Butea lIlonOSperllla, Schlcichcra olcosa, Zizyph us 
xylopyrlls, Ficus reZigiosa, Acacia Ililotica, Cajanus Cajon, and Zizyp}ws 
.J lljuba. Butea monospermo was used as a host as early as A.D. 250. At 
first a valuable red dye which was obtained from the insect was the only 
desired product. Since A.D. 1590 the resinous excretions have been more 
important. j\Iost of the shellac of commerce is prepared by nutiye 
workers. India furnishes over 97 per cent of the total output, the 
remainder coming from Burma, Thailand, and Indo-China. The crude 
stick-lac is remoyed from the twigs and soaked to extract the red dye. 
It is then dried and pmHlered to a granular consistency. ,This seeel-lac 
is melted and thin sheets of it are allowed to harden. These are broken 
up into the semitransparent, brittle, orange-red flakes which constitute 
shell-lac. If the melted seed-lac is poured out in drops, it hardens into 
the thick round pieces known as button-lac. Shellac is often bleached. 

Shellac has many industrial uses. It can be molded readily and is the 
most satisfactory material for the manufacture of phonograph records. 
It is a high-grade insulator and is extensively used in the electrical 
industry. It is the principal spirit-yarnish resin yielding a tough film 
with a smooth finish, \yhich is capable of a high polish. Shellac varnishes 
cannot be used for outside work for they arc not \yater resistant. Shellac 
is also used in making scaling wax, drawing inks, some water colors, and 
nitrocellulose lacquers; for sizing papers; for stiffening felt hats; and, in 
India, for numerous ornamental purposes. 

Acaroid Resins 

The acaroid or grass-tree resins are obtained from A.ustralian trees 
belonging to the genus Xanthorrhoea. These plants are among the fe,," 
monocotyledons, other than palms, which luwe an arboreal habit. They 
consist of a short woody stem, composed of the old leaf bases, surmounted 
by a tuft of long rushlike leaves. The resin collects around the bases of 
the old leaves and is removed by beating the stem. The yellow acaroid 
resins reach the market in the form of elongated or round reddish-brmyn 
pieces. They are obtained chiefly from Xanthorrhoea lwslilis. Red 
acaroid resins from X. laleana, X. australis, and allied species are much 
more common. They consist of uneven pieces of a brownish color. The 
acaroid resins are used in making scaling wax, gold size, and spirit 
varnishes for use in coating metals; as a substitute for rosin in paper 
sizing and inks; as a mahogany stain; as a source of picric acid; and in 
medicine. 
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Sandarac 

Sandarac is a soft pale-yellow resin obtained chiefly from Callitris 
quadrivalis (or 1'ctraclinis articulata, as it should be called), a small tree 
of Northern Africa. Australian species of Callitris arc also a source of 
sandarac. The resin is formed between the inner and outer layers of 
the bark and is excreted in the form of small tears, which quickly become 
opaque. Sandarac yields a hard, white, rather brittle spirit varnish, 
especially useful for coating labels, negatiYes, cardboard, leather, and 
metals. It was formerly used in medicine and was well known to the 
older civilizations. 

Mastic 

l\Jastic is a yery old resin and was known at least 400 years before the 
Christian era. The most useful yariety is Chios mastic, derived from 
Pistacia lcntisclls, a small tree of the Mediterranean region. Although 
the resin exudes naturally, the flow is aided by removing strips of barlc 
Some of the resin adheres to the trunk in the form of long, ovoid, pale­
yellow, brittle tears, while the remainder falls to the ground. Bombay 
mastic, ,yhich consists of large irregular pieces of a dull, milky color, 
comes from P. cabulica. rdastic yields a pale varnish used for coating 
metals and pictures, both oils and watercolors. It is also used in litho­
graphic work, in perfumery, in medicine, and as a cement for dental 
work. It is one of the most expensive and high-grade resins. 

Dragon's Blood 

Dragon's blood includes various deep red substances of a resinous 
nature. Sumatra dragon's blood is obtained from DaclIlonorops Draco, a 
climbing rattan palm of Eastern Asia. The dark reddish-brmyn resin 
occurs as small granules on the scnly fruits. It is used chiefly in the 
manufacture of red spirit varnishes for metals and in making zinc line 
engravings. During the eighteenth century the great Italian violin 
makers used dragon's blood in their varnishes. Socotra dragon's blood, a 
resin that exudes from the stem of Dracaclla cz"nnabari of 'Yestern Asia, is 
also used to some extent for varnishes, dyes, and stains. Dragon's blood 
is sometimes obtained from tropical American species of Dracacna and 
other Asiatic species of Daclllonorops. 

Kinos 

Kinos, or gum kinos as they are usually called, are derived from several 
sources. l\Ialalmr kino consishl of the dried juice of PtrrocarplIs M arslI­

piUIIl, a large Indian tree. The trees are tapped and the juice is boiled 
down. It reaches the market, in the form of small, brownish-reel, brittle 
pieces. 'Yest African kino is a red resin from P, ('tinaccus. Bengal kinQ 
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comes from Bulea monosperma. Several Australian species of Eucalyptus 
are important sources of gum kino. The principal species is the red gum 
(Eucalyptus camaldulensis). The kino is secreted in cavities between the 
wood and bark, and oozes out after incisions have been made. In the 
air the resin hardens into a solid reddish mass. Several tropical American 
trees, chiefly Dipteryx odorata and Coccoloba 1wifera, also yield kinos. 
Kinos find their chief use in medicine for throat troubles, and are used 
to some extent in tanning. 

OLEORESINS 

The oleo resins contain a considerable amount of essential oils in addi­
tion to the resinous materials, and consequently they are more or less 
liquid in nature. They have a distinct aroma and flavor. Among the 
oleoresins are included the turpentines, balsams, and elemis. The dis­
tinctions bet"'een these groups are very slight and there is often a con­
fusiOIi of terms. 

TURPENTINES 

Tui'pe!ltines ~re oleoresins obtained almost exclusively from coniferous 
trees. They are viscous; honeylike liquids or soft and brittle solids. 
The resin is secreted and stored in ducts near the cambium layer and 
exudes naturally as a soft, sticky substance, often called pitch.. For 
commercial use crude turpentine is obtained by tapping the trees. On 
distillation turpentines yield the essential oil or spirits of turpentine, and 
rosin, both of which are exceedingly useful products, around which an 
important industry has been built up. This turpentine or naval-stores 
industry is one of the oldest of the forest industries. The Trojans and 
Greeks were familiar with pitch and its uses, and it is mentioned in the 
Bible. Today the industry is valued at from 835,000,000 to 540,000,000 
annually. The United States leads in production with one-half of the 
total output. Turpentine and rosin are also produced in many European 
countries, and even in India and Indo-China. 

The Turpentine Industry in the United States 

The history of the turpentine industry in the United States is closely 
identified with the economic development of the South. Tar and pitch 
were among the earliest exports of the country, and the industry was 
practically the only source of livelihood in the early days of the Carolinas. 
At first the products were used chiefly in connection with sailing vessels, a 
fact that gave the name" naval stores" to the industry. This name still 
holds, although today turpentine and rosin are the products. 

The most important source of the crude turpentine used in the naval­
stores industry is the longleaf pine (Pinus australis). This species (Fig. 
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82) furnishes 90 per cent of the raw material. The Cuban or slash pine 
(P. caribaea) is used to some extent. The western yellow pine (P. 
ponderosa) and other western species are potential sources. The industry 
is carried on chiefly in the eight coastal states from North Carolina to 
Texas, with Georgia the present center of production. The industry 
is waning at the present time, owing partly to the depletion of the 
virgin timber supply and partly to the lack of demand for the products. 

Attempts are being made to conserve the supply by reforestation and 
better methods of tapping. In the best year, 1909, over 750,000 bbl. of 

FIG. 82. A virgin stand of longleaf pine (Pinus australis). This species is the chief source 
of turpentine and rosin. (Photo by U.S. Forest Service.) 

turpentine and over 2,500,000 lb. of rosin were produced. Normally 
ahout half the product is exported, chiefly to Europe. 

Turpentine oozes out from the resin canals after the cambium layer has 
been exposed by a cut, and at the same time the development of new ducts 
above the cut is stimulated. In the species used commercially the ducts 
are exceedingly large, and there is a correspondingly heavy-production of 
the oleoresin. Turpentine stands usually contain from 50 to 200 trees per 
acre. The original methods used for collecting the resin werc very ,yaste­
ful. Cavities, known as boxes, were cut near the base of the tree during 
the winter. Later, triangular pieces of bark and wood just above the 
corners of the box \\'ere removed. This" cornering" enabled the resin to 
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flow into the box more freely, but it was injurious to the tree. The resin 
was removed from the boxes eyery three "-eeks. 

At the present time several types of cup-and-gutter systems are in use. 
Basal incisions are made in the trunk at a 20-degree angle, aild meLal 
gutters or aprons are slipped into the cut. These guide the resin into a 
metal cup or some other type of container. :\ strip of bark and wood, 
kno,,-n as the advance streak, is remo,-ed just above the gutter. This 
stimulates the flow of resin and induces the formation of new ducts. At 
regular inten-als a narrow strip is remo,-ed above the advance streak. 
This practice of "chipping" assures a continuous flow of gum. The 
wounded area resulting from this periodic cl_lipping is called a "face." 

FIG. 83.. Collecting the resin from a longleaf pine which has been tapped by the cup-anu­
gutter method. 

The oleoresin that collects in the cup is called the" dip." The cups are 
emptied about every four weeks (Fig. 83), and the contents are trans­
ported to stills. Some of the oleoresin solidifies as it runs down the face. 
This" scrape" is removed at intervals during the season or only at the 
end. Upon distillation it yields a much smaller amount of turpe.ntine 
and rosin than does the dip. 

The distillation of the turpentine is carried on in copper stills (Fig. 84), 
the process lasting from 2 to 3 hours. The distillate is collected in barrels, 
where the oil of turpentine rises to the top and is run off for storage. The 
residue, which is rosin, ,,-hile still hot, is run through a series of screens to 
remove any impurities, and then into a cooling vat. 'Vhen cool, it is 
transferred to slack harrels where it completely hardens within 2-1 hours. 
1\ ot all the turpentine is removed during distillation as this yields a better 
grade of rosin. 

Severn! central processing plants are no,\" in operation. These utilize 
an efficient method of washing and cleaning the resin before distillation? 
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resulting in a better quality and higher yield of rosin and more economical 
operation. 

The production of an infcrior grade of naval storcs as the rcsult of the 
destructiyc distillation of pinc wood has alrcady becn discussed. Con­
sidcrablc turpcntine, rosin, and pine oils are obtained from old pine 
stumps and logging waste by a stcam and solvcnt process; Some turpen­
tine, known as sulphate turpentine, and tall oil, a liquid rosin, are recov­
ered as by-products of the sulphate pulp industry. 

The oil of turpentine, usually referred to as "turpentine" or "spirits of 
turpentine," has many uses. It is of major importance in the paint and 
varnish industry, where it has a thinning action, due to its properties as 

FIG. 84. A turpentine distillery. The crude resin yields oil of turpentine and rosin as 
products. 

a solvent. It is used in connection with the printing of cloth, particularly 
cotton and woolen; as a solvent for rubber and gutta-percha; in medicine; 
and in the manufacture of many chemicals. 

Rosin or colophony, a brittle, friable, faintly aromatic solid, is even 
more important in industry. It is used in the manufacture of soap, 
\'arnishes, paints, oilcloth, linoleum, sealing wax, printer's ink, roofing 
and floor coverings, adhesiycs, plastics, rubber, drugs, and various 
ehcmicals. I t serves as the chief sizing material for paper, and constitutes 
the brewer's pitch used for lining beer barrels. Rosin oils are utilized as 
greases, lubricants, and solvents. 

The Turpentine Industry in Foreign Countries 

The naval-stores industry is highly developed in France, where Pirms 
Pinasicr, known in that country as the maritime pine (P. maritima), is 
cultivated· and tapped for its turpentine. The products are of the highest 
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quality and are preferred to tho:-ie produced in the United States. Spain 
is the thirdlu,rge::;t producer of na \'al stores and is becoming of increasing 
importance. Four species of pine are tapped, P. Pillastcr, P. lwlcpcllsis, 
P. nigra, and P. Pinea. ?dost of the fore:-its are under government con­
trol. In Portugal the industry is just becoming prominent and vast areas 
are as yet untouched. P. PillGstcr and P. Pinca are the sources. Greece 
is also increasing in importance as a producer of na\Oal stores, utilizing 
P. halcpcnsis. In the l·.S.S.R., Poland, and Germany inferior grades of 
rosin and turpentine are obtained from P. sylvcstris. 

The turpentine industry is nO\\O being developed in many parts of Asia, 
particularly Indo-China, Indonesia, and India. In India se\'eral 8pecies 
of pine are a\'ailable, and also the only non-coniferous tree that is a source 
of turpentine and rosin. This is the Indian frankincense (Boswcllia 
scrrata). The great distances and ,lack of transportation facilities have 
handicapped the industry in India, but in spite of all obstacles it con­
tinues to expand. 

Turpentines of Minor Importance 

Crude turpentines from ,:arious species of conifers are often used in 
their natural state for purposes other than the production of naval stores. 
Some of them have been important in industry, in the arts] and especially 
in medicine for O\oer four_ centuries. Among the b-est known may be 
mentioned: 

Canada Balsam. This oleoresin is a true turpentine, rather than a 
balsam, as the name would indicate. It is secreted by the balsam fir 
(.4bies balsalliea) of the northern 1_;nited States and Canada. The resin 
collects in elongated blisters on the bark and only small amounts are 
obtainable. It is estimated that a tree will yield from 8 to 10 oz. a year. 
Collectors use a pot with a spout cut at an angle. This is forced into the 
blisters and held in place while the balsam drains out. The balsam is 
a viscid yello\\Oish or greenish substance. Its chief use is as a mounting 
medium for microscopic work and as a cement fo], optical lenses, ,It is 
very transparent and hus a high refractive index, which result" in a mini­
mum dispersal of light. The medicinal value of Canada balsam was 
recognized as early as 1607. It is used as an irritant, stimulant, and 
antiseptic, and is a component of collodion and many plasters. It is also 
utilized as a fixati,'e for soap and perfumes. 

Oregon balsam, obtained from the Douglas fir, has similar properties 
and uses. 

Spruce Gum. Spruce gum is the natural exudation of the various 
spruces of the northern United States and Canada, with Picca rllbens the 
chief source. It is usually the result of an injury to the sapwood. The 
thin, clear, bitter, sticky oleoresin is secreted in blisterlike cavities (Fig. 
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85) in the bark or in longitudinal fissures in the wood. . It hardens on 
exposure to the air and is collected when hard or semisoft. Before the 
advent of chewing gum about 500,000 lb. were used each year as a 
masticatory. The gum softens in the mouth and assumes a reddish color. 
It has a pleasing resinous taste. 

Venetian Turpentine. Venetian turpentine is obtained from the 
European larch (Larix dccidua), a common tree in the mountains of Cen­
tral Europe. Unlike all other conifers, the resin ducts are located in the 
heart of the tree so that holes must be bored in order to obtain the resin. 
The trees are tapped in the spring. Venetian turpentine has been an 

liIG. 85. A red spruce (Picea rubens) in :Muine. sho"'jng the spruce gum oozing from 
fissures in the hurk. (Photo by Y. C. Isola; courtesy of S . .T. Record.) 

important product since the middle of the eighteenth century. It is a 
yellowish or greenish liquid with a characteristic odor and taste. It is 
used in varnishes, histology, lithographic work, and veterinary medicine. 

Other crude turpentines of less importance include Bordeaux turpen­
tine from Pinus Pin asicI', Strasbourg turpentine from Ablcs alba, and Jura 
turpentine from Picea Abies. In the case of the first t\yO of these European 
turpentines, the crude exudation is used to some extent, but more often 
it is strained and filtered through cloth. The residue, known as Burgundy 
pitch, is a Gtimulant and counterirritant, and is used in plasters, ointments, 
and other pharmaceutical preparations. 

R\LS,\11S 

Technically balsams are oleoresins that contain benzoic or cinnamic 
acid and so are highly aromatic. The term "balsam," however, is often 
applied erroneollsly to quite different substances, such as Canada balsam, 
copail)a balsam, cte. The true balsams cont.ain much less oil than the 
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turpentines and are more or less viscous substances. They yield essential 
oils on distillation. Bals[1ms are used in medicine and as fixatives in the 
perfume industry. 

Balsam of Peru 

Balsam of Peru is obtained from J.ll yro:ryloll Pereirae (Fig. 86), a tall 
tree of Central America which is cultivated in many tropical and sub­
tropical countries. The ,yood resembles mahogany and is quite valuable. 

FIG~ 86. Balsam trees (J[yroxyion Pereirae) , the source of balsam of Peru, in dry forests in 
El Salvador. (Photo by Tralter H. Hadae.) 

The balsam is a dark, reddish-brown, thick, syrupy, viscous liquid, and 
is a pathological product formed as a result of ,yollUding the tree .. The 
trunks are beaten ,yith a blunt instrument and the injured bark is then 
charred. It soon falls off naturally or is removed. Sometimes small 
"windO\\·s" are cut in the bark. The balsam exudes from the exposed 
surface of the ,yood and is collected on rags. These rags are later boiled 
to free the balsam, ,yhich is purified. Balsam of Peru is used in medicine 
for healing slow wounds and skin diseases. During the Second 'Vorld 
'Val' it was used in field dressing stations for quick applications of a pro­
tective covering to the surface of wounds. It is also used in the treatment 
of coughs, bronchitis, and similar ailments, because of its stimulative and 
antiseptic effect on the mucous membranes. It is utilized in perfumes 
as a fixative for the heavier odors and has served as a substitute for 
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vanilla. Its common name is a misnomer, for the tree does not grow in 
Peru. The United Staies imports its 'supply chiefly from San Salvador. 

Balsam of Tolu 

Balsam of Tolu is a pathological product obtained from ill yroxylon 
Balsamum, a tree of Venezuela, Colombia, and Peru. Y-shaped incisions 
are made in the trunk and the balsam slowly exudes and is collected in' 
gourds. It is a brown or yellowish-brown plastic substance with a 
pleasant aromatic taste and odor. It is used for salves and ointments 
and as an expectorant and antiseptic in the treatment of coughs, colds, 
and bronchitis. It is sometimes used to flavor cough syrups. Consider­
able amounts are used as fixatives in the perfume and soap industries. 

Styrax ' 

Two varieties of styrax or storax enter into commCl;ce. The most 
important type, "'hich is the styrax of antiquity, is known as Levant 
styrax. This is obtained from LiquidaJllbar orientalis, a small tree com­
mon along the coasts' of southwestern Asia )of in or. The ba~sam is a 
pathological product formed as a result of wound stimulation. The outel: 
bark is bruised and soon the balsam exudes into the inner bark. The 
outer layers are discarded and the balsam is recovered by boiling the inner 
layers in sea water. The residual bark is dried and used for fumigating. 
Styrax is a semiliquid, grayish-brown, sticky, opaque substa'nce with a 
pronounced aromatic odor. It is used in soaps and cosmetics; as a 
fixative for the heavy "oriental" type of perfume; in adhesives, lacquers,~ 
and incense; as a flavoring for tobacco; amlin medicine as a stimulant to 
the mucous membranes and for the treatment of scabies. 

American styrax is obtained from the sweet gum (Liquidambar Styra­
cijl1W). Although this tree ranges from New England to Mexico and 
Central America, the commercial supply of styrax comes only from 
Guatemala, Honduras, and Venezuela. This balsam is a thick, clear, 
brownish-yellow, semisolid or solid substance and has the same uses as 
the Levant styrax. 

Benzoin 

Benzoin is a solid balsam and is often classed as a resin or balsamir 
resin. It is a pathological product obtained from various species of 
Styrax, found in Southeastern Asia and the East Indies. The balsam 
oozes out from incisions made in the trunk and branches. Two varieties 
are known in commerce. Siam benzoin comes from Styrax tonhinellsc and 
S. bCllzoidcs and occurs as yellowish or brownish pebblelike tears ,dth a 
milky white center. The tears arc hard and brittle at ordinary tempera­
tures and occur separately or adhere together only slightly. Sumatra 
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benzoin, from Styrax Benzoin, occurs in reddish or grayish-brown blocks 
or lumps, composed of masses of tears stuck together. Benzoin is 
exceedingly aromatic with a vanillalike odor. It is used in medicine as a 
stimulant and expectorant; and in the preparation of heavy s\yeet per­
fumes, soap, toilet waters, lotions, tooth powders, incense, and fumigating 
materials. 

OTHER OLEORESINS 

There are numerous oleoresins that do not belong to either the tur­
pentines or balsams. Among the more important may be mentioned 
copaiba, elemi, and IHecca balsain. 

Copaiba 

Copaiba, known also as copaiba balsam or copaiva, is a natural oleo­
resin obtained from several species of (>opmjera native to tropical South 

FIG. 87. Copaifera officinal is, a source 
of copaiba balsam. (Photo by C. D. 
][ell; cOllrtesy of S. J. Record.) 

Ainerica. The copaiba trees are small 
(Fig. 87) \yith strong, tough, durable 
wood, whlcl_l contains resin ducts of 
large size. So much oleoresin is 
secreted and stored in cavities that 
sometimes the pressure causes the 
trunk to burst open. Copaiba is ob­
tained by boring holes into the heart­
wood. The secretion flows out yery 
rapidly. It is a thin, clear, colorless 
liquid at first, but turns yellow and 
becomes more viscid \\"ith age. It 
has a peculiar aromatic odor and a 
persistent bitter taste. Several com­
mercial varieties occur, which differ in 
the amount of resins and essential oils 
present as well as in the source. _ The 
most important of these are :Mara­
caibo copaiba from Venezuela, ob­
tained from Copa~fera o.tficinalis, 

which contains considerable resin and is rather thick; and Para copaiba, 
a yery fluid grade from Brazil, obtained from C. l'eticlilata. Copaiba 
is used in making varnishes, lacquers, and tracing paper, as a fixative 
in scenting soaps and perfumes, and in photography to emphasize half 
tones and shadows. In medicine it is used as a di;;infectant, laxative, 
diuretic, and mild stimulant. Long used by the native Indians for its 
healing properties, copaiba became known to Europeans early in the 
sixteenth century. 
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There are many substitutes for copaiba, chief among which are gur.iun 
balsam and iIIurin balsam. 

Gurjun balsam is obtained from Dipterocarpus turbinatus and related 
species of India and the East Indies. The thick, opaque, grayish oleo­
resin is obtained by cutting holes in the trunk. 

Elemi 

The terrr "elemi" is used as· a collective name for several oleoresins 
of different origin; it is also used erroneously as a synonym for some of the 
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softer copals. Elemis differ considerably in their characteristics. These 
oleo resins exude as clear pale liquids, but they tend to harden on exposure. 
Sorne remain soft, while others become quite hard. 

Manila elemi is the most important and the best known of the elemis. 
Its source is the pili tree (Canarimn lllzonicllIn) of the Philippine Islands. 
The oleoresin is secreted in the bark and oozes from the trunk in fragrant 
"'hite masses. The natives use elemi for torches and for caulking their 
boats. lVlanila elemi is used in lithographic "'ork and the manufacture of 
inks, adhesives, and cements; in the varnish industry to gi,oe toughness 
and elasticity to the products; in perfumes; and in medicine in plasters 
and ointments. 

Less important varieties include African elemi from Boswellia Frereana; 
:i\Iexican elemi from Amyris elemijera, A. balsamifera, and related species; 
and Brazilian elemi from Protium heptaphyllum, Bursera gwnmijera, and 
several other trees. 

Mecca Balsam 

Mecca balsam is a greenish turbid oleoresin with an odor of rosemary. 
It is obtained from Commiplzora Opobalsalllum, an Arabian species. This 
material has long been used in incense and for perfumes of an oriental 
type. It has some medicinal value. The supply of l\lecca balsam is 
limited and consequently it is a rare and costly product. 

GUM RESINS 

Gum resins, as the name indicates, arc mixtures of both true gums and 
resins and naturally combine the characteristics of both groups. They 
often contain small amounts of essential oils and traces of coloring matter. 
Gum resins occur naturally as milky exudations and collect in the form of 
tears or irregular masses. They are also obtained by injuring or tapping 
the plants. They are produced for the most part by plants of dry, arid 
regions, especially species of the Umbelliferae and Bllrseraceae. Three of 
the umbelliferous species, the sources of ammoniac urn, asafetida, and 
galbanum, are very common in Iran and Afghanistan and furnish the 
characteristic aspects of the vegetation of the plains and steppes in those 
countries. During the dry season these plains are barren, but shortly 
after the rainy season sets in these plants send up thick stems from their 
perennial rootstalks. When fully grown the plants attain a height of 5 
or 6 ft., and are so abundant that they form a sort of open forest. 

Ammoniacum 

Ammoniacum is obtained from Dorema A 1Il1lloniacn1n, a hIl, stout, 
naked, hoIlO\y-stemmed perennial found in the deserts of Iran, southern 
Siberia, and other parts of 'Yestern Asia. It has a milky juice ,,"hich 
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exudes from the stem and flowering branches and hardens into tears. 
Insect injury often causes the exudation to occur. The brownish-yellow 
tears are hard and brittle and occur singly or in masses. Ammoniacum is 
used in medicine as a circulatory stimulant, and in perfumery. 

Asafetida 

The som:ces of asafetida are Femia assafoetida and allied species, stout 
perennial herbs of Iran and Afghanistan. The cortex of the thick fleshy 
roots exudes a milky juice during the rainy season. The crown of the 
roots is cut off and protected from the sun. The gum resin gradually 
collects on the surface in the form of tears, or masses of tears of varying 
colors imbedded in a thick, gummy, grayish or reddish matrix. Asafetida 
has a powerful and foul odor and a bitter acrid taste, due to sulphur com­
pounds present in the essential oil. In spite of this it has been used 
throughout the East for flavoring sauces, curries, and other food products, 
and as a drug. In Europe and America it is used in perfumes and for 
flavoring only when exceedingly dilute and after certain impurities haye 
been removed. Asafetida has many valuable medicinal properties and is 
used in the treatment of coughs, asthma, and other nervous afflictions 
and as an aid to digestion and metabolism. 

Galbanum 

Galbanum is a gum resin excreted from the lower part of the stems of 
Femia galbaniflua, another stout herbaceous perennial of Northwestern 
Asia. It occurs in the form of separate tears or brownish and yellowish­
green masses. It has heen used for centuries in medicine. Galbanum 
has a powerful tenacious aromatic odor. 

Myrrh 

iVlyrrh is one of the oldest and most valuable of the gum resins. There 
has been considerable confusion in regard to its source, due to the fact 
that apparently two forms occur. 

Herabol myrrh is derived from CommipllOra 11£yrrha, a large shrub or 
small tree of Abyssinia, Somaliland, and Arabia. The gum resin oozes 
naturally from the stems or as a result of wounding. The pale-yellow 
liquid gradually solidifies and becomes brown or even black in color. 
Herabol myrrh is used in perfumery and for medicinal purposes as a tonic, 
stimulant, and antiseptic and is often a constituent of mouthwashes and 
dentifrices. 

Bisabol myrrh or sweet myrrh comes from Commiphora erythraea, an 
Arabian species of similar appearance. This is the myrrh of antiquity 
and has beon used for centuries in incense, perfumes, and embalming. 
~Iyrrh was an important product in Biblical times, ranking with gold in 
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yalue. It is st.ill used in perfumes and incense for religious ceremonies .. 
It is one of the constituents of Chinese joss sticks. 

Frankincense 

Frankincense or olibanum is obtained from Boswellia Carleri and 
related Asiatic and African species. The clear yellow resin exudes from 
incisions made in the bark and hardens as small yellow grains. Frank­
incense, like myrrh, has been a valuable material since Biblicai times. It 
is still an indispensable ingredient of incense for religious observances, 
and is also used in perfumes, because of its excellent fixative properties, 
face powders, pastilles, and fumigating powders. 

Opopanax and Bdellium 

These gum resins are mllCh less important. Opopanax is derived from 
two very distinct plants, Commiphora Kalaf of the B7lrseraceae and 
Opopanax ChironiuJn of the Umbelliferae. It is used in perfumery and 
was formerly of importance in medicine. 

Bdellium is a bitter aromatic gum resin obtained from Commiphora 
M1lhll of India and C. atricana of Africa. It is used to some extent in 
perfumery. 

OTHER RESINS 

Several other resinous substances, which find no use in industry, ,vill be 
considered ,yith the medicinal plants. These include aloes, guaiacum, 
jalap, and podophyllum. Gamboge, a gum resin, has already been dis­
cussed under dye plants. 



CHAPTER VIII 

ESSENTIAL OILS 

The essential oils, or volatile oils as they are often called, are found in 
many different species of plants. These oils are distinguished from 
fatty oils by the fact that they evaporate or volatilize in contact with the 
air and possess a pleasant taste and strong aromatic odor. They can be 
readily removed from plant tissues without any change in composition. 
Essential oils are very complex in their chemical nature. The two 
principal groups are the terpenes, which are hydrocarbons; and the 
oxygenated and sulphu~'etted oils. . 

The physiological significance of these oils as far as. the plant is can­
cel'ned is not obvious. . They probably represent by-products of metab­
olism rather than foods. The characteristic fla~or and aroma ·that they 
impart are probably of advantage in attracting insects and other animals 
"'hich play a role in pollination or the dispersal of t.he fruits and seeds. 
When present in high concentration, these same odors may serve to repel 
enemies. The oils may also have some antiseptic and bactericidal value. 
There is some evidence that they may play an even more vital role as 
hydrogen donors in oxidoreduction reactions, as potential sources of 
energy, or in affecting transpiration and other physiological processes. 

All distinctly aromatic plants contain essential oils. They occur in 
some 60 families and are particularly characteristic of the LaIlraceae, 
ilIyrtaceae, Umbelliferae, Labiatae, and Composilae. The amount of oil 
varies from an infinitesimal quantity to as much as 1 to 2 per cent. The 
oils are secreted in internal glands or in hairlike structures. In some 
instances, as in wintergreen and mustard, the oil is not present in the 
plant, but develops only as the result of chemical action when the 
ground-up plant tissue is extracted with water. Almost any organ of a 
plant may be the source of the oil: flowers (rose), fruits (orange), leaves 
(mint), bark (cinnamon), root (ginger), wood (cedar), or seeds (carda­
mom), and many resinous exudations as well. 

Essential oils are extracted from the plant tissues in various ways 
depending on the quantity and stability of the compound. There are 
three principal methods: distillation, expression, and extraction by 
solvents. 

Distillation. The oldest and simplest type of distillation is boiling in 
water, but this is now of no practical importance. The more usual 
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method is by steam distillation. 'Vhole or ground material is placed in a 
still. and li\'e steam is introduced. The oil vaporizes and, together with 
the steam, passes into a condenser. Upon cooling, the oil, or esscnce, 
colleets on the surface of the water and is removed and filtered. Although 
oils obtained in this way are often of high, quality, distillation cannot 
always be used. In the case of flowers with delicate odors the heat 
adversely affects the constituents and the oils must be removed by other 
means \yhich do not inyoh'e the risk of chemical changes and which 
conselTe the natural odor. 

Expression. The so-called citrus oils are obtained from the rinds of 
oranges, lemons, and other citrus fruits by submitting them to various 
types of pressure. 

Extraction by Solvents~ Both nonvobtlle and volatile solvents can be 
used in the extr~ction process. The oldest method invcih'es the use of 
nonvolatile soh'ents, usually oils or fats,-such as a high~grade lard or suet, 
which absorb the odors and -yield' pomadcs. There are two chief types, 
enfleurage and maceration~ - ': 

In enjlclirage the' exti'action is' cari'led on in a normal temperature. 
Glass plates areeo\rered ~yith the cold fat. • The flowers are plac~d on it 
and allo,,;ed to l:emain 'for several clays. The fat 'dissoh'es out and 
e\'entuall}: 'absorbs the,_ perfume mrttel:ial. Enfleul:age, \\"as formerly 
used fOl' all flo\yers; but it is no\V 'restricted fOl~ the 'most pait to jasmine 
and tuberose,' which co'Iitiriue the prochiction, of' the essential oil even, 
after tliey have b¢en'i'emo\'ed-[i"Clm the stem: ' 

In mace;'atidh'the;plant matei'ial is digeste'c!'"i"ith hot oil or melted fat, 
and the flowers' ar~ often broken- lip' to t aid the process. Rose, violet, 
Drange, andt~assie flo\\~ers ~re usually tre~ted in this way. After absorp­
tion of the perfumes is completed, the pomades are treated with ethyl 
alcohol to dissolve out the oil and yield floral extracts. 

The direct extraction of perfumes by means of volatile solvents is a 
much more recent process, dating from 1879. Petroleum ether is 
generally used. After the flmyers have been exhausted, the solvent is 
distilled off, leaving a semisolid re:-idue, the concrete, "which consists of the 
oils and insoluble plant \\'axes. Alcohol is added, the waxes are removed 
by filtration or by freezing, and the alcohol is then eliminated. The 
resulting absol1lle is a highly concentrated form of perfume oil. Dried 
plant material, resinous substances, and even plant juices may also be 
utilized. 

Essential oils have very varied industrial applications. Because of 
their odor and high volatility they are extensively used in the manufacture 
of perfumes, sachets, soap, and other toilet preparations. ::\Jany arc used 
as flavoring materials or essences for candy and icc cream and in cooking, 
and for cordials, liqueurs, and nonalcoholic beverages as \yell. Still 
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the cultivation of peppermint and spearmint and in,the production of thfo 
oils (Fig. 89). Wormwood, wormseed, tansy, and dill are also grown 
commercially to some extent. Recent cultural experiments with lavender 
and geranium seem to indicate that the commercial production of various 
perfume oils in the United States is at least possible. A few oils are 
extracted from native wild plants. . These include the oils of turpentine, 
sassafras, wintergreen, sweet birch, witch hazel, eucalyptus, and penny· 
royal. In other cases oils are obtained as by-products of various indus­
tries. Among such are lemon, orange, grapefruit, lime, apricot, bitter 
almond, cedarwood, and hop oils. :Most of the essential oils used in thl> 
C"nited States, hO\ve"er, are imported. 

Any economic classification of essential oil plants is exceedingly diffi­
cult, for the various groups intergrade. For example, clove oil, obtainee 
from the fa:niliar spice, is used for flavoring, in perfumery, in medicine, 
in histology, and as a source of synthetic vanilla. In numerous cases the 
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::lame oil is used for flavoring and in medicine. Our discussion of spice::l 
and other food adjuncts, of flavoring materials, and of medicinal plants 
will be reserved until later. At the present time we are concerned only 
with those oil-yielding plants which are used for perfumery and similar 
purposes or which have other strictly industrial applications. 

PERFUMES 

It has often been said, as in the case of many other economic plant 
products, that the history of perfumes is the history of ch·ilization. Cer­
tainly perfumes have been in vogue since the earliest recorded times. 
\Ve know that the Egyptians and ancient Hebrews used them for both 
personal and religious purposes. They played an important part in the 
life of the Romans and Greeks, reaching such a high degree of specializa­
tion in the case of the latter people that a special perfume was required 
for each part of the body. Later on we find that Catherine de' :Mediei 
knew as much about perfumes as she did about poisons, that in the time 
of Queen Elizabeth a gift of rare perfumes was a sure way to win the 
royal favor, while the court of Louis XIV at Versailles had a particular 
perfume for each day in the year, the preparation of which was super­
intended by the king himself. In those days perfumes were of consider­
able hygienic, as \vell as aesthetic, value, for they acted as true antiseptics 
and deodorants and masked offensive odors at a time when personal 
cleanliness was too often oyerlooked. Today perfumes are still in great 
demand. The consumption of the natural products is increasing in spite 
of the many synthetic substitutes that the chemist has put on the market. 
These latter materials are not so lasting as those obtained directly from 
the plants. They are used for cheap grades, to fortify the natural 
products, and for blends. The most valuable perfumes are combinations 
of several essential oils. Frangipani, for example, contains sandalwood, 
sage, neroli, orris root, and musk, while one of the formulas for Eau de 
Cologne, dating from 1709, calls for neroli, rosemary, lemon, and berga­
mot dissolved in pure alcohol and aged. The expert perfumer must be 
able to blend the several oils at his command as an orchestra leader com­
bines the various instruments into a perfect whole. 

In addition to the aromatic oils, the finer perfumes contain fixatives­
substances which are less volatile than the oils and which delay and so 
equalize evaporation. These may be of animal or plant origin .. IVIusk, 
ambergris, and civet are frequently utilized for this purpose. Balsams 
and oleoresins, such as benzoin, styrax, and oak moss ; essential oils with a 
low rate of evaporation like orris, patchouli, clary sage, and sandalwood; 
and various synthetic materials are also used. 

The cultivation of perfume plants is carried on for the most part in 
countries bordering on the Mediterranean Sea and the Indian Ocean. 
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:Most of the natural perfumes are made in southern France in the region 
around Grasse and Canne" in the French Riviera. In thi" area garden 
flowers are cultivated on a large seale, and from 10,000,000,000 to 12,000,-
000,000 lb. are normally gathered each year. These include over 5,000,-
000 lb. of orange blossoms, over 4,000,000 lb. of roses, 440,000 lb. of 
jasmine, and 330,000 lb. of violets. Large quantities of cassie, tuberoses, 
jonquils, thyme, lavender, rosemary, and geraniums are grown, and many 
other fragrant species to a lesser degree. Flowers are also grown for the 
perfume industry to some extent in Reunion, North Africa, England, and 
various European and Asiatic countries. When the Second 'Vorld War 
cut off supplies, the United States developed substitutes and initiated or 
increased the cultivation of several essential-oil plants in Central America. 
Of the 75 essential oils regularly used in perfumery, however, only 8 are 
normally produced in the Western Hemisphere, and but one of these, oil 
of petitgrain, is of real importance. 

Perfume Oils 

Some of the more important essential oils used for perfumes will be 
considered at this time. 

Otto of Roses. This valuable oil, sometimes called attar or ottar of 
roses or rose oil, has long been known and is still Dne of the favorite 
perfumes, either alone or in combination. Bulgaria supplies most of the 
commercial supply at the present time, utilizing the flowers of the 
damask rose (Rosa damascena) (Fig. 90). Over 12,000 acres on the 
southern slopes of the Balkans are devoted to the cultivation of this 
small shrub. The harvest period covers about three weeks during :May 
and .Tune. The flowers are picked in the early morning just as they are 
opening and are distilled as soon as possible. Until i·ecently the peasant 
cultivators have utilized their own primitive stills, but now large rilOdern 
distilleries are in operation. The oil is colorless at first, but gradually 
turns a yellowish or greenish color. About 20,000 lb. of the flowers are 
required to make 1 lb. of the essence, which is worth about 8200. Yery 
little pure otto reaches the markets, for it is almost always adulterated 
\dth geranium or palmarosa oil or geraniol, all of which have a roselike 
odor. Otto of roses is also manufactured in France, Italy, North Africa, 
Asia Minor, and India. In France the cabbage rose (R. centifolia) is 
used, and the perfume is obtained by both hot and cold enfleurage, as 
\yell as by distillation. Large quantities of rose \vater are also made. 
This consists for the most part of the water left after distillation, which 
still contains some otto. It is sometimes prepared by dissolving a small 
amount of otto in water. 

Geranium. The leaves of several species of Pelargoni1l1n yield an 
essential oil on distillation. Geranium oil is widely used as an adulterant 
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FIG. 90. The damask rose (Rosa damascena). The flowers of this plant are the source of 
otto of roses. one of the most expensive of perfumes. (Photo by E. H. Wil80n; courte8Y oj 
the Arnold Arboretum.) . . . 
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FIG. 91. Rose geraniums (Pelar(Jonium odorati88imum) under experimental cultivation. 
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of, or substitute for, otto of -roses in. making perfumes and soap. P. 
graveolen's, the species most frequently culti,iated, is grown chiefly in 
Algeria dnd Reunion and to a lesser extent in southern France and .Spain. 
In recent years 'culturar" experiments have' been carried on in .Florida, 
Texas, and California ,,-itli P: odoratissimt~m (Fig. 91), the rose geranium. 
The plants are easy to propagate from slips and are productive for five or 

FIG. 92 .. The ylang-ylang (Canan(}a odorata): The flowers of this-Asiatic'species yield 
one of the most important essen~ial oils used in the perfume industry.. A. few specimens of 
this tree, one of which is pictured here, are to be found' in Florida.- ' .. 

six years after reaching maturity. They' can be grown only where there 
is freedum from freezing temperatures .. 1~ goodgi:~de of oilis' obtained 
from the leaves, and the plant, may prove 'a desii'able addition to the 
essential-oil pl~nts that are cultivated in' tl;e United States. _ . 

Ylang":ylang. This is one of the most valuable and important oils in 
the perfumer's a,·t·, and is present in almost every perfume. The name 
means "flower of flowers." The ylang-ylang tree (Fig. 92) is an Eastern 
Asiatic species, Cananga odorata. Its yellowish-green bell-shaped flowers 
have an exceedingly delicate and evanescent fragrance. The oil, often 
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known as cananga oil, is derived by simple distillation or extraction from 
the petals of fully opened blossoms. The Philippine Islands were once 
the chief producers of ylang-ylang, but now the French colonies in the 
Indian Ocean have a yirtual monopoly. The tree grows wild and is 
also cultiyated in various parts of Southern Asia and the East Indies. 
Long known to the nati,'e peoples of the East, this oil first reached Europe 
about 1864. Since that time it 11l~S been in great demand even though it 
is rather expensive. 

Cassie or Acacia. The flowers of Acacia Farncsiana yield an essential 
oil almost as valuable as ylang-ylang or otto of roses. The plant is a 
thorny native shrub of the ,Vest Indies, but it occurs spontaneously in 
many tropical and subtropical countries. It is extensively cultiyated in 
southern France, Algeria, Egypt, Syria, and India as a source of perfume. 
The oil is removed from the petals by maceration with cocoa butter or 
coconut oil, or by extraction. ' It has an odor like violets, and is much 
used for pomades, sachets, and pOl"ders. 

NeroH. Oil of neroli, which is extensively used in blends and for mixing 
"'ith synthetic perfumes, is obtained from orang'e blossoms. True oil of 
neroli, or ncroli bigaJ'adc, is distilled from the flo\yers of the bitter orange 
(Citrus A1Irantiwn), '''hile neroli POl'tuga,l comes from the sweet orange 
(C. sinensis). Southern France leads in the prodilCtion.of neroli, although 
a consideraHe amount is tnade in the ot.her l\1editerran~an countries and 
in the W~~t Illdies, espe~iallJ; in Haiti. 

Oranges are' the 'source; of 'oth~r essential oils us'ed'in perfumes. The 
leaves and twigs (and formerly the small immature fruits) supply pelit­
grain oil~ This is widely used to add a pleasant bouquet to scents, 
cosmetics, and soap. It is produced chiefly in Paraguay. Both bitter 
and sweet oranges are utilized and the oil is obtained hy distillation. Oil 
of orange is obtained by expressing the ripe peel. 1\ either of these oils is 
so valuable as neroli. 

Bergamot. This greenish oil is expressed from the rind of the berga­
mot (Citl'lls AW'anti1lln subsp. Bergamia). It has a soft sweet odor and is 
extensively tised in the United States for scenting toilet soaps and in 
mixed perfumes. It is imported chiefly from Italy and Sicily. 

Orris. The rhizomes of Iris pallida, I. jlorentina, and allied species 
contain an essential oil that has the odor of violets. A tincture of orris 
root is often used to adulterate pure extract of violets, l"hile the powdered 
root is the basis of "iolet powder. The plant is cultinLted in Southern 
Europe, Iran, and northern India. Italian orris root is considered the 
best. The rhizomes are p~eled and dried in the sun, and the odor gradu­
ally deyelops. Orris is used to some extent as a flayoring substance. 

Calamus. Calamus root is the s\\'ect and aromatic rhizome of the 
sweet flag (Acorus Calamus), a common plant of marshy ground in 
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Europe, Asia, and America. In a powdered form calamus is used for 
sachet and toilet powders, while the distilled oil is used in perfumery. 
It is also used for medicinal and flavoring purposes. The candied root 
was at one time a popular confection, 

Grass Oils. The grass family is .the source of several important 
essential oils which are extensively used in pe.rfumery. The genus 
Cymbopogon, formerly included in Andropogon, is especially rich in per­
fume plants. 

Oil of Citronella. This widely dispersed commodity is distilled from 
the !eaves _of Cymbopogon N ardus (Fig. 93) .. Thousands of acres of 
citronella grass are cultivated in Java and Ceylon. The pale-yellow oil 
is inexpensive and is much used for cheap soaps and perfumes and as an 

FIG. 93-Citronella grass (Cymbopo(Jon Nardus) , the source of tho familiar oil of citronella. 

insect repellent. The oil contains 80 to 90 per cent geraniol, and so is 
important as a substitute for otto of roses. In recent years citronella has 
been introduced into Central America, and a considerable industry has 
been developed in Guatemala and Honduras with some 4500 acres under 
cultivation. The crop is harvested by hand. Cutting stimulates 
growth, and a new crop is ready in three months. The oil is removed by 
steam distillation. 

Lemon-grass Oil. The leaves 9f Cymbopogon citratus yield on distilla­
tion a reddish-yellow oil with a strong odor and taste of lemons. This is 
due to the unusually high content of citral, 70 to 80 per cent. The oil is 
used in soaps and in medicine. Citral is extensively used in perfumes, 
bath salts, cosme~ics, and toilet soaps and as a flavoring substance. It is 
also the source of the aromatic substances known as ionones, which have 
many uses. One of the ionones is necessary in the synthesis of vitamin 
A; another is the raw material from which synthetic violet is made. 
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Lemon grass is common everywhere in the eastern tropics and is 
cultivated in India, Ceylon, Brit.ish East Africa, the Belgian Congo, and 
l'dadagascar. It has no,,' been successfully introduced as a crop plant in 
the \Yestern Hemisphere, and large quantities of the oil arc exported from 
Guatemala, Haiti, Brazil, Salntdor, and other Latin-American republics. 
Lemon grass is also grown on some 1500 acres of Florida mucklands. 

Palmarosa alld Ginger-grass Oils. These nearly identical oils are much 
used as adulterants of otto of roses, as they contain a large amount of 
geraniol. Cymbopogon J[ artinii and a variety are cultivated in India as a 
source of these oils, which are exported in large' quantities. 

Oil of Fetil'er. This oil is obtained from the roots and rhizomes of the 
khuskhus plant (Yetiveria zizanioides), a native of India and Bengal, but 
now grown throughout the tropics and subtropics. The roots are very 
s"'eet scented and are made up into mats, fans, screens, awnings, sun­
shades, baskets, sachet bags, and pillows. The leaves arc odorless. The 
plant has been introduced into the West Indies and Louisiana, where 
e"ery French garden has some. It readily escapes from cultivation and 
has become naturalized iil many places. On distillation the roots yield 
an oil much like citronella \yhich is used for high-grade perfumes, soaps, 
and in medicine. It is one of the finest fixatives. 

Oil of Bay. The leaves of Pimenta racemosa on distillation yield this 
oil, which'is used-in perfumery and in the preparation of bay rum. The 
plant is a: native of the West Indies, anci the bay-rum industry is located 
in that region. Formerly the leaves were distilled in rum and water, 
but nm\' the ,oil is dissoh"ed in, alcohol, with \yhich are mixed various 
aromatic m,aterials. _ Bay rum has soothing and antiseptic properties. 

Lavender. Lavender is a "ery old perfume and was used by the 
Romans in their baths. It is still one of the most important scents. The 
true lavender plant (Lavalldlila o:t1icinalis) is a native of Southern Europe, 
occurring on dry, barren soil. It is a Imy shrub (Fig. 94) with terminal 
spikes of very fragrant bluish flowers. IvIany horticultural forms and 
hybrids occur. Laycndcr is grown in southern France at altitudes vary­
ing from 1500 to 1800 ft., and large amounts are raised in England. 
Lavender has a clean odor and the dried flowers are used in sachets and 
for scenting chests and drawers. The oil is an important constituent of 
Eau de Cologne and other high-grade perfumes and is also used in soaps, 
cosmetics, and medicine as a mild stimulant. Lavender water, a mixture 
of the oil in \yater and alcohol, is a highly popular toilet article in England. 

Spike Lavender. This plant (Lavandllla latifolia) is coarser and yields 
an inferior grade of oil. It can be grown at lower altitudes than true 
lavender and is extensively cultivated in France and Spain. It is used 
in perfumes and cosmetics and to flavor the meat jellies known as 
aspic. 
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Violet. Violet is one of the most popular perfumes and has a sweet and 
delicate odor. Blue and purple double varieties of Viola odorata, a native 
European species, are grown chiefly in the vicinity of Nice. The oil is 
extracted by solvents or maceration with hot fats. It occurs in such 
minute amounts that 15 tons of flowers are required to obtain lIb. of oil. 
Real violet perfume today is rare and expensive, and it has been almost 
entirely replaced by synthetic products derived from ionone. 

Jasmine. Jasmine is one of the most highly este~med of perfumes and 
the plant is extensively cultivated in southern France and other Mediter­
ranean countries. The· principal source is .J asminum o:{fi.cinarll1n val'. 

FIG. 94. A field of lavender (Lavandllla officinalis). 

grandijlorll1n, which is usually grafted on a less desirable variety. The 
flowers are picked as soon as they are open and the oil is extracted by 
enfleurage. 

Carnation. There are over 2000 horticultural varieties of cai'nation, 
all derived from Dianthus Caryophyllus, a species of Southern Europe, 
Northern Africa, and tropical Asia. Forms with the most desirable form, 
size, and color have the least odor. Less highly cultivated strains have 
the richest odor and are used for the perfume. The oil is extracted by 
solvents. Most of the present-day supply is synthetic. 

Rosemary. The rosemary (RosJllarinus officinalis), a native of the 
Mediterranean region, has long been a favorite sweet-scented plant and 
has played an important role in the folklore of many countries. It is one 
of the leL.st expensive and most refreshing odors. The plant is a small 
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evergreen shrub and is cultivated in Europe and the United States. 
11w oil is obtained by distillation of the leaves and fresh flowering tops or 
by extraction. It is used in Eau de Cologne, toilet soap, and medicine. 
The leaves are used in cooking. 

Hyacinth. This plant (Hyacinthus ol'icntalis) is a native of 'Yestern 
Asia and Asia Minor. It was introduced into Europe during the sixteenth 
century and was grOlyn as an ornamental plant, particularly in Holland. 

FIG. 95. A field of hyacinths (Hyacinthlls orientalis). These familiar ornamental plants 
are extensively grown in France for making perfume. 

It is a familial' species in the United States (Fig. 95). Hyacinths are 
grown for perfume in southern France. The odor is heavy, sweet, and 
somewhat overpOlyering. Solvents are used to obtain the oil, which is 
generally utilized greatly diluted. 

Oak Moss. Oak moss or mousse de chene is a recent and extremely 
valuable addition to the raw materials of the perfume industry. It com­
prises various lichens that grow on the bark of trees. The principal 
sources are European species of Ramelina and El'ernia, especially R. 
calicaris, E. jwj1lracea, and E. prunastri. These lichens contain oleo-



ESSENTIAL OILS 187 

resinous substances which are extracted by means of solvents. After 
they have been collected, the lichens are thoroughly dried, as the perfume 
develops during storage. Oak moss not only has a heavy, penetrating 
odor and blends well, but it also has a high fixative value. It is an 
essential element in lavender perfumes and soap and in better grades of 
cosmetics. 

Linaloe or Bois de Rose. There are several sources of linaloe, lignaloe, 
or bois de rose oil, a very aromatic substance widely used in perfumes, 
soaps, and cosmetics and for flavoring foods and beverages. :Mexican 
linaloe is distilled from chips of the wood of two Mexican species, BtirSera 
penicillata and B. glabrifolia. Cayenne linaloe or bois de rose is derived 
from Aniba pamlren,sis of the Guianas, 'while Brazilian bois de rose is 
obtained from A. rosaeodora val'. amazonia, a tree of the lower Amazon 
basin. 

Sandalwood. Sandalwood oil is obtained by distillation from the wood 
of Santal1ll11 album and allied species.. The sandalwood tree grow~ ,,;ild­
in India and other parts of Southeastern Asia and is cultivated in many 
other countries. The oil is used throughout the Orient as a perfume and 
also in medicine. It is an excellent fixative and is much used in blends. 
The sweet-scented wood is utilized for chests and boxes. The demand 
for sandalwood has been so great that in many,parts of the East the true 
sandalwood has been practically exterminated. This has been brought 
about lnrgely-by careless methods of lumbering. There are numerous 
substitutes used in vai'ious parts of the world. 

Patchouli. Patcho"\lli is obtained from'the fleshy leaves and young 
buds of Pogostemon Cablin. The plant is a smaU-shrub that grows wild in 
Southeastern Asia and is cultivated in China. The leaves are fermented 
in heaps and are then distilled~ The dark-brown oil has apowerful odor, 
resembling that of sandalwood. It is one oithe bes.t fixatives for heavy 
perfumes. It is also used _in soaps, hair tonics, and tobacco. It is 
responsible for the characteristic odor of cash~ere shawls, which are 
always shipped in patchouli-scented containers. . 

Champaca. Champaca oil, which constitutes one of the most famous 
perfumes of India and other oriental countries, is obtained from ilIichelia 
Champaca, a large handsome tree of the eastern tropics. The conspicu­
ous yellow flowers (Fig. 96) are very fragrant and are much worn by the 
natives. The oil is obtained from the flower§J?y maceration or extrac-
tion and rivals ylang-ylang in its delicious fragrance. . . 

Several of the gum resins, chiefly frankincense and myrrh, which have 
already been discussed, have been used in perfumery for thousands of 
years. 
Gm'~en flowers, in addition to those mentioned above, which are 

extenshrely cultivated for their perfume include heliotrope (Heliotropiwn 
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arboreseens), lily of the valley (CollL'allaria majalis) , jonquil (Narc~ssus 
Jonquilla), mignonette (Reseda odorata), narcissus (Narcissus 1'azetla) , 
Clary sage (Salvia Sclarea), and tuberose (polianlhes tubcrosa). 

FIG. 96. Flowers and fruit of Jlichclia Champaca, the source of the fragrant champaca 
oil. (Photo by Walter H. Hodge.) _ 

Other sources of essential oils used in perfum_es will be discussed later 
in connection with either topies. Among these are anise, cara\yay, cassia, 
cinnamon, clove, lemon, peppcrmint, thyme, ·wintergreen,. and zedoary. 

ESSENTIAL OILS USED IN OTHER INDUSTRIES 

Camphor 

Camphor is the most important of the essential oils used in industry. 
Commercial camphor, known as camphor gum, consists of tough, \yhite, 
translucent masses or granules with a penetrating odor and pungent, 
aromatic taste. It is solid at ordinary temperatures, thus bearing the 
same relation to the other essential oils that vegetable fats do to the fatty 
oils. It volatilizes veiT slO\dy. 

Camphor is obtained by distillation of the ~\'ood })f the camphor tree 
(Cinnamom1l1n camphora). This tree is very tall and striking in appear­
ance (Fig. 97) with shiny, dark, e"ergreen leans. It is a native of China, 
Japan, and Formosa, but has been widely introduced into tropical and 
subtropical regions elsewhere, chiefly as an ornamental plant. The 
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Japanese has a virtual monopoly of the camphor industry, since 75 per 
cent of the product comes from Formosa. The earlier crude methods of 
obtaining camphor were very destructive and the existence of the trees 
was threatened. Now only trees 50 years of age, or older are used, and 
eyery stage in the process is carefully supervised. The wood is reduced 
to chips or ground to a fine powder and the leaves are also ground up. 
This material is then distilled with steam for about 3 hours, and the crude 
camphor crystallizes on the walls of the still. This is removed and must 
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FIG. 97. A camphor tree (Cinnamomum camphora) in Florida. (Photo by U.S. Forest 
Service.) 

be purified before it is ready for market. 
of the camphor produced is synthetic, 
pinene, a turpentine derivative. 

At the present time 80 per cent 
made for the most part from 

The United States is a large consumer of camphor. Because of its 
importance in this country, the growing of camphor has been eXPeri­
mented with and today camphor is a crop of increasing prominence, 
especially in Florida. The trees are propagated from secd in nurseries 
and are later ':,l'ansplanted. :x early lO,OOO acres are now devoted to 
camphor gro·\ying. Twigs and leaves arc utilized for distillation rather 
than the old wood. Clippings can be made from the trees when they are 
three or foUl' years old, and seyeral times a ycar thereafter. 
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The principal use of camphor is in the manufacture of celluloid and the 
various nitrocellulose compounds. Camphor also has a ,,·ide range 
of medicinal uses, both internally and externally. It is also used in 
perfumery. 

Borneo camphor, which is obtained from Dryobalanops arolllatica of the 
East Indies, has been used as a substitute. 

Cedarwood Oil 

Several of the essential oils have a high refractive index and are valu­
able as clearing agcnts in the preparation of permanent microscopic 
mounts and for use with oil-immersion lenses. The most important of 
these is cedarwood oil. This inexpensive oil is obtained by steam distilla­
tion from the heartwood of the eastern red cedar (J1lIliperus virgilliana) 
and allied southern species. Chips, sawdust, waste from the lead pencil 
and other industries, old stumps, roots, and even fence rails are utilized. 
Cedarwood oil is also used in perfumery, soaps, deodorants, liniments, 
cleaning and polishing preparations, and as an adulterant of expensive 
sandahyood and geranium oils. It has insecticidal properties and is used 
as a moth repellent and in fly sprays. 

Clove and bergamot oils are also utilized as clearing agents. 

Miscellaneous Oils 

Essential oils are useful as solvents in the paint and varnish industry. 
The most important of such oils, oil of turpentine, has already been dis­
cussed. Various other oils, chiefly eucalyptus oil from Ellcalypt71s dives, 
an Australian species, are employed in the flotation process for the 
separation of minerals from their ores. Still other volatile oils are used 
in the preparation of cleaning materials and for many other industrial· 
purposes. 



CHAPTER IX 

FATTY OILS AND WAXES 

FATTY OILS 

Another type of oil that occurs in plants is the fatty oil. The fatty oils 
are also called fixed oils because, unlike the essential oils, they do not· 
evaporate or become volatile, and they cannot be distilled without being 
decomposed. Chemically these vegetable fatty oils are close to animal 
fats. They consist of glycerin in combinati~n with a fatty acid. The 
so-called oils are liquid at ordinary temperatures and usually contain 
oleic acid. The fats, on the other hand, are solid at ordinary tempera­
tures and contain stearic or palmitic acid. The fatty oils are insoluble in 
water, but soluble in various organic solvents. 'When fats break down, 
they yield the fatty acids and glycerin, of which they are composed, and 
usually develop a rancid odor and taste. 'When a fat is b,oiled with an 
alkali, it decomposes and the fatty acid unites with the alkali to form 
soap. If potash or lye is used, a soft soap is obtained; if soda is used, a 
hard soap is the result. 

Fatty oils are produced in many families of plants, both tropical and 
temperate. They are stored up, often in large amounts, in seeds (Fig. 
98) and, to a less extent, in fruits, tubers, stems, and other plant organs; 
they are often associated with proteins. This type of reserve food 
material is available as a source of energy for the processes involved in the 
germination of the seed. The fatty oils are bland and lack the strong 
taste and odor and the antiseptic qualities of the essential oils. Con­
sequently they are available as food for man. These edible oils contain 
both solid and liquid fats and form indispensable articles of human food. 
The demand for edible oils has so increased in recent years that various 
processes have been developed whereby the nonedible oils have been 
rendered available. This is usually done by hydrogenation, the adding 
of hydrogen. 

The method of extraction of the oils varies in different cases. Usually 
the seed coats have to be removed, and then the material is reduced to a 
fine meal. The oils are removed by solvents or by subjecting the meal to 
screw or hydrJ.ulic pressure. This latter method is used primarily for 
the edible oils. The residue is rich in proteins and is valuable as a 
fertilizer and as a cattle feed. The pressure causes the cell ,valls to 
break and the fats escape. The extracted oils are filtered and may be 

1!11 
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further purified. The higher grades are edible, and the lower aTe used in 
the industries. The increasing demand for these industrial oils since the 
First W arid War has led to the improyement of methods of cultivation 
and preparation, and also to a search for new sources the world over. 
Fatty oils also haye a medicinal yulue. 

Four classes of i'egetable fatty oils are recognized: (1) drying oils, (2) 
semidrying oils, (3) nondrying oils, and (4) fats or tallows. The drying 

B 
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FIG. 98. A group of oil seeds. .11, sunfimver (Helianthlls annlllls); B, soybean (Glycine 
11fax); C, safflower (Carthamus tinctorius); D, rape (Brassica NaplIs); E. sesame (Sesamllrll 
indicllm); P, niger (Gllizotia abyssinica); G, flax (Liml1n llsilatissirnllm); 1I, hemp (Cannabis 
sativa). 

oils are able to absorb oxygen and on exposure dry into thin elastic films. 
These oils are of great importance in the paint and varnish industries. 
The semidrying oils absorb oxygen slowly and only in limHed amounts. 
They form a soft film only after long exposure. Some of these oils are 
edible; others are used as illuminants or in making soap and candles. 
The oondrying oils remain liquid at ordinary temperatures and do not 
form a film. These oils are edible, and can' be used for soap and lubri-
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cants. The fats are solid or semisolid at ordinary temperatures. They 
are edible and are also useful in the manufacture of soap and candles. 
Drying and semidrying oils arc of more frequent occurrence in plants of 
temperate regions, while nondrying oils and fats predominate in tropical 
species. 

Drying Oils 

Linseed Oil. The seed (Fig. 98G) of the flax plant (Lin711n 1lsitalis­
simum) has long been the source of one of the most important of the dry­
ing oils. The oil content is 32 to 43 per cent. __ §_e~ds .J.Lre collected and 
stored for several months, the impurities are removed, and the seeds are 
ground to a fine meal. The oil is u:mally extracted by pressure with 
heat or by the use of solvents. Cold-pressed oil is produced in Eastern 
Europe, 'where it is used for edible purposes. Linseed oil varies from 
yellow to brownish in color and has an acrid taste and smell. On oxida­
tion it forms a very tough elastic film. This drying property is increased 
by heating the rmy oil to 125°C., producing the so-called boiled linseed 
oil. Linseed oil is .used chiefly in making paints, varnishes, linoleum, 
soft soap, and printer's ink. After extraction, the oil cake is used as a 
cattle feed. Linseed is grown on a commercial scale chiefly .in Argentina, 
,yhere over 0,000,000 acres are devoted to seed-flax cultivation. The 
U,S,S,R., India, Uruguay, China, Canada, and the United States also pro­
duce a considerable quantity. IvIinnesota, :i\Iontana, and the Dakotas 
are the centers of seed-flax production in this country, the annual yield 
amounting to about 40,000,000 bu, 

Tung Oil. Tung oil, sometimes called chinawood oil, is widely used in 
the varnish industry as a substitute for linseed oil. It is obtained from 
the se~ds gJ two Chinese species of Alcllrites, A.. Fordii, the tung-oil tree 
(Fig. 99), a species native to centraL and western China, and A. montana, 
the mu tree, restricted to soutlnyestcrn China. The oils from. these trees 
are practically identical in composition and properties, and imported 
tung oil is frequently a mixture of the two. The Chinese have used tung 
oil for centuries for waterproofing ,Yood, paper, and fabrics. It'is a good 
preservative and very resistant to weathering, so it is particularly valu­
able for outside paints. Boatmen prefer it, as it is little affected by 
water. The United States began the cultivation of .4 .. Fordii in 1905, 
and at the present time tung-oil trees are being grown with great success 
on some 75,000 acres in the Gulf States, principally in Mississippi and 
Florida. The trees are handsome and are often planted for ornament. 
The cstablislullent of a domestic tung-oil industry has been of great 
importance to southern agriculture. N at only is it a profItable source of 
income, but it has helped to so1\'e the problem of eroded and other waste 
land, for tung trees will grow on soils unsuitable for other types of 
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agriculture. The outer husk of the fruit is removed, and the oil is 
expressed from the seeds by expeller presses. 1\ing oil is pale yellow to 
dark brown in color. It dries very rapidly and has preservative and 
waterproofing qualities. As a consequence its chief use is in varnish 
and paint manufacture, where it has largely replaced kauri and other 
hard resins. Large quantities are also used in making linoleum, oilcloth, 

FIG. 99. A tung-oil tree (Alewites Fordii) growing in a field of opium poppies. Fengtu 
Hsien, western Szechuan, China. (Photo by E. H. lVilson; courtesy of the Arnold Arboretum.) 

brake linings, leather dressings, soap, inks, insulating compounds, and 
fiberboard. The oil cake is a good fertilizer but cannot be used as a feed. 

Soybean Oil. The soybean (Glycine Max) (Fig. 100), indigenous to 
China and a food plant of paramount importance in Eastern Asia, is the 
source of an exceedingly valuable oil. lVlidway bebveen linseed and cot­
tonseed oils in its characteristics, it is sometimes classed as a drying and 
sometimes as a semidrying oil. Soybean oil is extracted from the seeds _ 
(Fig. 98, B) by expression with hydraulic or expeller presses or by the use, 
of solyents. The oil content of the impro\'ed \'[Ll'ieties now under cultiva­
tion is 19 to 22 per cent. After refining, soybean oil can be used as a salad 
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or cooking oil and for other food purposes. Over 50 different food prod­
ucts are made from it, principally margarine and shortenings. The oil has 
great versatility, and the list of industrial uses is constantly growing. 
Among them may be mentioned the manufacture of candles, soap, var­
nishes, lacquers, paints, greases, linoleum, rubber substitutes, cleaning 
compounds, insecticides, and disinfectants. The oil cake or meal has a 40 
to -i8 per cent protein content and is a valuable feed for livestock and a 
source of soy flour. It is also used in making adhesives, plastics, spread­
ers, foaming solutions, sizing, fertilizers, a synthetic textile fiber, and 
many other products. 

FIG. 100. A field of soybeans (Glycine .l[ax) in Connecticut. (CollrteS!) of thi COllnecticllt 
Agricultural Station in New' Haven.} 

Oiticica Oil. The seeds (nuts) of Licania rigida, a large evergreen tree 
of northeastern Brazil, furnish the oiticica oil of commerce. The United 
States imports a considerable amount for use as a substitute for tung oil. 
Oiticica oil is extracted by solvents or by hydraulic presses. It is used in 
the paint and yarnish industry; in making linoleum, printing inks, and 
brake bands; and for improving the elasticity of rubber products. In 
Brazil the oil has been used for many years as an illuminant and' in 
medicine. 

Perilla Oil. Perilla oil is obtained from the seeds of Perilla jndescens, 
an aromatic annual 3 to 5 ft. in height with numerous branches (Fig. 
101). The plant, a nati\'e of northern India, China, and Japan, is 
extensiyely cultivated in the Orient, particularly in l\'1anchuria and 
,Tnpan. It matures slo\dy nnd has to be han'ested before it is quite ripe 
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or the seeds fall from the capsules. The oil, which is expressed from 
roasted and c;rushed seeds, is edible and has been used for food purposes 
from earliest time. The industrial uses of perilla oil, however, arc much 
more importa,nt. It is used in the manufacture of the famous Japanese 
oil papers, cheap lacquer, paper umbrellas, waterproof clothes, artificial 
leather, and printer's ink. The United States imports a large amount for 
usc as a substitute for linseed oil in the paint and \'arnish industries. 

Candlenut Oil. This oil is obtained from the hard-shelled seeds or 
"nuts" of Alellritcs molllcealla, which is native to l\Ialaya and the 
Pacific islands and is cultivated elsewhere. It has long been important 
in the Philippine Islands, where it is known as lumbang oil. It is a good 

FIG. 101. Young plants of Perilla frutesccns. the source of perilla oil. 

drying oil and is much used in making paints, Yarnishes,· lacquer, lino­
leum, and soft soap and as a preservative for the hulls of yessels. The 
nuts were formerly used in Ha\yaii and the other Polynesian islands for 
illumination, hence the name candlenut. The oil cake is poisonolls and 
serviceable only as a fertilizer. 

Walnut Oil. Mature and old kernels of the English "'alnut (J11g1alls 
regia) yield a drying oil used for white paint, artists' oil paints, printing 
ink, and soap. Hot-pressed oil is hest adapted for these purposes. The 
fresh oil and cold-pressed oil have a pleasant smell and nutty flavor and 
arc edible. In California waste kernels from the shelling operations arc 
used as a source of the oil. 

Niger Seed Oil. This pale yellow oil is obtained from the seeds (Fig. 
9S, F) of Guizotia abyssinica, an annual plant native to tropical Africa. 
It is extensi\Oely cultiyated in Africa, India, Germany, and the 'Vest 
Indies. The higher grades haye a pleasant aromatic odor and are used 



'. 

FA1"I'Y OILS AND WAXES 197 

for food, while t.he poorer grades are used for soap and as illuminants, 
This oil is but. lit.t.le used in the United States, 

Poppy Oil. An important drying oil is obtained from the seeds of the 
opium poppy (Papavcr somnifcl'lllll) , This famous drug plant is grown 
for its seeds in northern France and Germany and in India, The first 
(cold) pressing yields a white edible oil, while a seeond (hot) pressing 
furnishes a reddish oil used for lamps, soap and, after bleaching, fol' oil 
paints, 

Safflower Oil. Cartlian!1ls tinctoril1s, already mentioned as the source 
of a dye, is extensively cult.ivated in Egypt, India, and the Orient and to 
some extent in the United States for its oil-containing Sgeds_ (Fig, 98, C). 
The oil is used for soap, paints, varnishes~ as -an edible oil, and as an 
illuminant, 

Tall Oil. This so-called oil is not a true oil but is a by-product of the 
sulphate pulp industry, The waste liquor from pine pulp mills is con­
cent.rated by evaporation, and t.he soap curds are removed and acidified. 
The crude tall oil which results contains fatty acids, . resins, and other 
materials. It is refined by steam distillation, Tall oil is used in soap 
manufacture and, after treatment ,Yith glycerin, as a drying oil. 

Other Drying Oils. :Many other species furnish drying oils of some 
commercial importance, Among them may be. mentioned the. hemp 
(Cannabis sativa) grown in China, Japan, and European countries for the 
oil which is extracted from the seeds (Fig, 98,H) and used for soap,paints, 
varnishes and as a lamp oil. The seeds of tobacco (Nicatiana Tabacllln); 
Hcvca brasiliensis, Manillal Glazovii, and other sources of rubber; .figs; 
grapes; and raisins all furnish drying oils of some value. 

Semidrying Oils 

Cottonseed Oil. This is the most important of the semidrying oils 
and is used as the standard of comparison. The United States is the 
chief producer, but. nearly all the cotton-growing countries contribute to 
some extent, Over 1,000,000,000 Ib, of the oil are expressed annually. 
The industry has been developed since about 1880, prior to ,,,hich time 
cotton seeds were waste products. The seeds are carefully cleaned and 
freed from impurities and the linters and usually the hulls are removed. 
The kernels are then crushed and heated and are finally subjected to 
hydraulic pressure or expeller presses. The oil is pumped into tanks 
where the impurities settle out. The pure refined oil is of great value as a 
salad and cooking oil and for making oleomargarine and lard substitutes, 
The residue is the source of various products that have a "'ide range of 
industrial uses. Among these may be mentioned soap, washing powders, 
oilcloth, artificial leather, insulating materials, roofing tar, putty, glyc-
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erin, and nitroglycerin. Cottonseed meal is important as a foodstuff and 
fertilizer. 

Corn Oil. The kernels of maize or Indian corn contain about 50 per 
cent of oil present in the embryo. Until recently the emhryos were a 
waste product of the milling industries, but today the production of corn 
oil is of increasing importance, amounting to about 200,000,000 lb. 
annually. It can be used for nearly all the purposes to which any oil is 
put. Refining methods haye made possible the utilization of 75 per cent 
of the oil for edible purposes. The familiar "l\Iazola" oil can be used 
for cooking, in bakeries, and for mixing with other oils. The crude oil 
has many industrial uses, such as the manufacture of rubber substitutes, 

FIG. 102. A field of sesame (Scsamwn irldic"m) which has been pulled and stacked to 
allow the pods to dry. Pangkwangchen, Shen,i, China. (Photo by F. N JIeyer; courtesy of 
the Arnold ArIJOretum.) 

soaps, and cheap paints. Like cottonseed oil, it is of little usc as a 
lubricant. 

Sesame Oil. This oil, known also as gingelly oil, is the product of the 
seeds (Fig. 98, E) of an annual herb, Scsamum indicmll. It is the chief 
oil of India and has been cultivated there and in China from remote times. 
Today over 3,000,000 acres are devoted to this crop. Its use has spread 
to other tropical regions and it is now grown in many Asiatic (Fig. 102), 
African, and Latin-American countries. China produces about one-half 
of world output, India one-third, and Africa :md Latin America the 
balance. Sesame is the principal vegetable oil in :i\Iexico. Sesame oil 
was brought to the United States by the slaves, and the Southern negroes 
grow the plant to this day. :rhe seeds contain about 50 per cent oil, 
which is easily extracted by cold pressure~ The finer grades are tastelcss 
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and nearly colorless and are used as a substitute for olive oil in cooking 
and in medicine. European countries use enormous quantities, as it is a 
compulsory addition to margarine and other food products. Marseilles 
imports over 100,000,000 lb. The poorer grades are used for soap, 
perfumery, and rubber substitutes, and to some extent as lubricants. In 
India the oil is used for anointing the body, as fuel for lamps, and as food. 
The oil cake is a good cattle food. Sesame seeds are also used in the 
confectionery and baking industries. 

Sunflower Oil. '!]_!e __ s(3~ds_(Fig. 98, A) of the common sunflower 
(Hcliantll1ls anml1ls) contain 32 to 45 per cent of a light golden-yellow oil 
equal to olive oil in its medicinal and food value. It is an excellent salad 
oil and is used in margarines and lard substitutes. The seeds are a good 
bird and poultry food, the oil cake is excellent for stock, and the whole 
plant is often grown for ensilage. The oil has semidrying properties 
which render it useful in the paint, varnish, and soap industries. Prob­
ably a native of South America, the sunflower has been cultivated for so 
long in various parts of the world that its exact place of origin is unknown. 
The "c.S.S.R., Rumania, and Argentina are large producers of sunflower 
seeds. In recent years sunflowers have become an important crop in the 
United States and Canada. 

Rape and Colza Oils. The seeds of several species· of Brassica, par­
ticularly B. campcstris, B. N apus (the rape) (Fig. 98, D), and B. Rapa, 
yield oils "'ith similar characteristics which arc classified commercially as 
rape or colza oils. The oil content is 30 to 45 per cent, and the oil is 
extracted by expression or soh'ents. Rape seeds are extensively culti­
vated in China, Japan, India, and Europe. The crude oil is edible when 
cold pressed and is much used for greasing loaves of bread· before baking. 
It is also used in lamps, in oiling woolen goods, in the manufacture of 
soap and rubber substitutes, and for quenching or tempering steel plates. 
The refined oil, generally referred to as colza oil, is also edible, and it is 
used as a lubricant for delicate machinery. 

Other Semidrying Oils. Among these may be mentioned camelina 
oil from Camelina sativa, grmvn in many European countries for its seed 
and used for soap and as an illuminant; croton oil, a powerful drug to be 
discussed later; and argemone oil from Argemone mexicana. The seeds 
of a great variety of cultivated plants, such as apples, pears, apricots, 
cherries, peaches, plums, citrus fruits, cereals, tomatoes, canteloupes, 
,yatermelons, pumpkins, and black and ,yhite mustard, also contain 
semidrying oils. 

N ondrying Oils 

Oliv(:' Oil. Olive oil, obtained from the fruits _of the olive (Olea 
ellropaea) , is the most important of the nondrying oils. The tree is a 
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small evergreen and is cultivated chiefly in the l\Iediterranean countries 
and to some extent in ;\ustralia, South Africa, South America, Mexico, 
and the "C nitecl States. X ormally the world production of olive oil has 
been about 2,000,000,000 lb., with Spain, Italy, Greece, and Portugal 
the leading countries. The Unitecl States produces about 42,700,000 lb., 
chieHy in California, but has to import nearly fifteen times as much more. 
The oil is squeezed from the pulp either by hand or mechanically. The 
finest grades are obtained by the former method. These oils are golden 
yellow, clear and limpid, odorless, and edible. They are used chiefl~r as 
salad and cooking oils, in canning sardines, and in medicine. Inferior 
grades ha\'e a greenish tinge and are used for soapmaking and as lubri­
cants. The poorest grades are obtained by the use of solvents after 
several prcssings. Fully ripe olives gi ve the largest yield. Olive oil is 
one of the most important food oils, as it will keep for a long time and 
becomes rancid only when exposed to the air. The oil cake is used for 
stock feed and as a substitute for humus in soil conditioning. 

Peanut Oil. Peanut oil is obtained from the seeds or "nuts" of the 
common peanut (A. rachis hupogaea), to be disc:ussed later. The chief 
producers of peanuts are China, India, the rnited States, and Africa. 
The seeds are shelled, cleaned, and crushed, and the oil is expressed by 
both hydrauli'c presses and expellers. The filtered and refined oil is 
edible and is used as a salad oil, for cooking, for packing sardines, in 
making margarine and shortenings, and as an adulterant for olive oil. 
Inferior grades are used for soapmaking, lubricants, and illuminants. 
The oil cake is one of the best stock feeds, as it has a higher protein 
content than any other similar product.' Peanut oil is in great demand 
in Europe, \yhere it is extracted with solvents as well as by expression. 
In the United States Spanish peanuts are grown for oil production, as' 
they ha\'e a higher oil content. 

Castor Oil. r This very versatile oil comes from the seeds of Ricinus 
cmmmmis, a coarse erect annual herb cultivated in both terriperate and 
tropical regions. In the United States it is a favorite ornamental plant, 
and it is now being grown for the oil. The seeds, which are very charac­
teristically marked (Fig. 103), contain 35 to 55 per cent of a thick colorle:o,s 
or greenish oil which is obtained by expression or solvent extraction. 
Formerly the chief use of castor oil was in medicine, where it acts as a 
purgative; at the present time 99 per cent is utilized in industry in the 
manufacture of some 25 different products. It is water resistant and so 
is used for ~oating fabrics and for protective coverings for airplanes, 
in~l!lation, food containers, guns, etc. It .is an excellent· lubricant-' 
especially for airplane engines. 'When hydrated, it is com'erted into a 
quick-drying oil extensively used in paints .and varnishes. Castor oil is 
also used in making soap, inks, and plastics; for preserving leather; and 
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as an illuminant. The leaves have 
stalks are a source of paper pulp 
and cellulose. The oil cak!~ or 
pomace is poisonous but makes an 
excellent fertilizer. Formerly cas­
tor beans were imported chiefly 
from India. :More recently Brazil 
and 1Iexico have become impor­
tant producers and to some extent 
China and ?vIanehuria. 

Other N ondrying Oils. N ondry­
ing oils of minor importance include 
kapok oil from the seeds of the 
kapok tree, already mentioned, and 
used as a substitute for cottonseed 
oil; tea-seed oil from Camellia 
Sasanqua, a valuable oil in China, 
Japan, and Assam; ·and oil of ben 
from 1110ringa oleifera. N ondrying 
oils are also obtained from almonds, 
pecans, filberts, pistachio, and pili 
nuts and from the flesh of avocados. 

insecticidal propCl"ties, while the 

(' .... 

o 
FIG. 103. Castor-bean seeds (Ricinus com­
mllnis) , the source of castor oil. (Repro­
duced by permission from YOllngkcn, Text­
book of Pharmacognosy, P. Blakiston's SOli 
& Company.) 

Vegetable Fats 

.. / Coconut Oil. This is one of the most extensively used of the fatty oils. 
• It is obtained from the dried meat of the coconut (Cocos 1wcifera) to be 

discussed later. This oil is pale yellow or colorless and is solid below 
74°F. After the nuts have been harvested, the husks are removed and 
the nuts split open and dried by either natural or artificial heat. The 
dried meat, or copra as it is called, is then easily removed. . This is 
ground up, and the oil is expressed by various methods. The cake is 
sometimes put through hydraulic presses a second time, and still more oil 
is removed. The yield is about 65 to 70 per cent. Recently, fresh meat 
has been utilized in the presses and this yields 80 per cent or more. 
Refined coconut oil is edible :mel is no'.\' extensively used for food products, 
chiefly margarines. It is particularly well adapted for this purpose as it 
is solid at ordinary temperatures. It is almost indispensable for making 
candy bars and :'lmilar t.ypes of confectionery. Coconut oil has long been 
used for the best soaps, cosmetics, salves, shaying creams, shampoos"and 
other toilet preparations. _ It is the only oil used in marine soaps. It is 
also useful as an illuminant. The cake is an excellent stock food. About 
500,000 tons of coconuts arc useel annually for the oil. Copra is produced 
chiefly in Ceylon, the Straits Settlements, India, Polynesia, the Philip-
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pine Islands, and the West Indies. l\Iost of the oil is expressed in 
Europe, the United States, ancI Japan, although Ceylon and India export 
large amounts. 

Palm Oil. Palm oil is a white yegctablc fat, solid at ordinary t.empera­
tures, which is obtained from the nub, of the African oil palm (Elaeis 
(luineensis). This tree is a nati"e of ",Yestern Africa but has spread all 
through the tropics of both hemispheres and now covers enormous areas. 
It occurs spontaneously and is also cultiyated in Brazil, Haiti, and 
Honduras, where it is knmyn as dende. The oil palm is a very productive 

FIG. 104. Fruit of the oil palm (Elaeis guineensis). Both the fibrous pulp of the fruits 
and the kernels yield an important vegetable fat. (Photo by the Philippine Bureau of 
Forestry.) 

tree. It begins to bear at the age of 5 to 6 years, reaches full bearing at 
15, and continues until 60 or 70 years of age. Each tree bears lO bunches 
of 200 nuts a year. The fibrous pulp of these fruits (Fig. lO-1) contains 
30 to 70 per cent of fat. The oil is obtained chiefly by crude native 
methods. A few new methods have been developed making possible a 
more efficient extraction. It is yellow-orange or brownish red in color. 
Over 200,000 tons of the oil enter the world trade, coming normally from 
Sumatra, .Java, and the ,Yest coast of Africa. Palm oil is used in making 
soap and in the manufacture of tin plate, teme plate, and cold reduced 
sheet steel. The refined oil is used in margarine and vegetable shorten­
ings. In parts of Africa it is used as a fuel for Diesel motors. 
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Palm-kernel Oil. This white and much more valuable oil is also 
obtained from the African oil palm, but from the kernels rather than from 
the pulp. It is extensively used in the margarine and candy industries, 
as it has a pleasant odor and nutty flavor. It is also used for making 
glycerin, shampoos, soap, and candles. The natives express a little oil 
for their own use, but most of the kernels are shipped to the oil mills of 
the United States and Europe, where the oil is extracted by hydraulic 
presses or by solvents. Over 500,000 tons of the kernels arc used annu­
ally. Palm-kernel cake is a good cattle feed. 

Brazilian Palm Oils. ·When supplies of copra, coconut oil, and palm 
oil were cut off during the First World ,Var, attention ·was directed to the 
rich resources of Brazil, which included some 500 species of palms, many 
of them potential sources of. oil.· During the ·last 20 years the United 
States has imported an ever-incr~asing amount of palm oils from this 
country. Although not native, both the. coconut and the African oil 
palm occur in great abundance. In addition several native species have 
become of economic importance. These includc the babassu, cohune, 
licuri, tucum, and murumuru palms, all of which furnish kernel oils. 

Babassu Oil. Babassu oil, the most important of the N" ew W orId palm 
oils, is obtained from the babassu palms Orbignya Martiana and O. 
oleifera, magnificent trees GO ft. -in lieight with a vase-shaped crown of 
leaves. From two to eight enormous Clu~ters of fruit are produced, each 
weighing around 200 lb. and containing fl:om' 200. to 600 fniits. The 
outer portion of the fruit is a d,ense, tough, fibrous husk. This surrounds 
a thin mealy mesocarp and the nut, which has a thick exceedingly hard 
shell. Development of the industry was retarded when only hand labor 
was available to crack the nuts. N ow machines have been developed 
which exert 10,000 to 25,000 lb. pressure. The nuts contain from two to 
six kernels with a63 to 70 per cent oil content. Babassu oil is expressed 
from the kernels and when refined is used as a substitute for coconut oil 
in the margarine, baking, confectionery, and soap industries. It is also 
used in making bulletproof glass, explosives, lubricants, and as a fuel for 
Diesel engines. 

Cohune Oil. The nuts of the cohune palm (Orbignya Cohune) (Fig. 
105), [. native of Central and South America, contain 40 per cent of a firm 
yellow fat. Over two million acres of this tree occur in British Honduras 
alone, and the yield is from 1,000 to 2,000 nuts per tree. Like the 
babassu, the nut. is very hard to crack, but now that effective machines 
have been dcviRed, the oil is becoming of increasing importance.· 

Licuri Oil. Syagrus corollata, the licuri or ouricuri palm, characteristic 
of dry areas in eastern Brazil, is important commercially as the source of a 
palm-k~rnel oil and also of a wax which occurs on the leaves. The fruits 
resemble miniature coconuts. 
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11hlrllmw'U Oil. The murumuru palm (Astrocarywn llI-urulIluru) is the 
chief source of palm-kernel oil in the state of Para, Brazil, and the oil is 
now being exported. The tucum palms (AstrocarY1l1ll Tllcuma and A. 
vulgare) of X orthern South America yield both a palm kernel and a pulp 
oil and also a fiber of commercial importance. 

Vegetable Fats of Minor Importance. These include: 
Cocoa Butter. This white or yellowish fat with a chocolate odor and 

flavor is expressed from the beans of the cacao or cocoa (l'heobroma 

Cacao) during the process of making cocoa. It is firm at ordinary 
temperatures. Its chief use is in making chocolate; it is also used for 
cosmetics and in perfumery and medicine. 

Carapa Fat. This thick white or yellow oil is obtained from the seeds 
of several species of the genus Carapa and is used for soap. The South 
American natives use the oil from C. guianensis to grease their skins and 
drive off insects. C. 1Ilol1/ccensis is a native of East Africa, India, Ceylon, 
and the l\Ioluccas. Carapa oil is also used as an illuminant. 

Shea Butter. The seeds of BlityrospermwlI Pa rl; ii, an African tree, 
furnish shea butter, a greenish-yellow fat 'with a pleasant odor and taste. 
The fat, is edihle, and is also used mixed with, or as a substitute for, cocoa 
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butter in chocolate manufacture. Inferior grades are utilized for soap 
and candles. A considerable amount is exported to Europe. 

11Iowra Fat. Two species of the genus llIad/wea, M. indica and M. 
longifolia, are the source of various Indian products, which are known as 
mowra fat, bassia fat, mahua butter, or illipe butter. The trees grow 
"'ild and are also extensively cultivated. The kernels contain 55 to 65 
per cent of a soft yellow oil widely used locally for cooking and tallow. 
Over 66,000,000 lb. are exported to Europe for use as a margarine and 
chocolate fat and in soap manufacturing. The cake is unfit for food but 
makes a good fertilizer. 111. butyraeea is the source of a similar product, 
phulwara butter, used locally. 

Borneo Tallow. This fat is a hard yello,yish-green brittle solid some­
times kno,yn' as green butter. It is obtained from"Shorea aptera and 
several other species of the same or of an allied gelms native to the East 

FIG. 106. The seeds of Sapium sebijcTllm, the source of Chinese vegetable tallow. Ochany, 
western Hupeh, China. (Photo by E. H. Wilson; courtesy of the Arnold Arboretum.) 

Indies. The kernels, which contain 50 to 70 per cent of fat, are dried and 
expressed by the inhabitants for their own"use or are exported to Europe 
for soapmaking and as a substitute for cocoa butter. 

Chinese Vegetable Tallow. This material occurs as a thick layer of hard 
white fat on the seeds (Fig. 106) of a Chinese tree, Sapiwn sebiferll1n 
which has been introduced into many other countries, including the 
southern United States. After proper treatment the tallow is used in 
soap and candle manufacture. The seeds of this tree contain a drying oil 
that is of some value. 

Nutmeg Butter. The seeds of the nutmeg (Myristiea fragrans) and 
allied -,pecies contain about 40 per cent of a yellow fat ,vith the flavor and 
consistency of tallow. Nutmegs that are unfit for use in the spice trade 
are roasted and powdered and the oil is extracted between warm plate"s. 
Several varieties of nutmeg butter are on the market, all used for oint­
ments or for candles. :Mace yields a similar material. 

Other Vegetable Fats. Locally many other vegetable fats are of some 
importance. Among such may be mentioned pongam oil from the seeds 
of Portyamia pinnata, used for illumination and medicine in India and 
Ceylon; macassar oil from the seeds of Schleichera oleosa, a soft yellowish-
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white fat used in India, Ceylon, and the East Indies for cooking purposes, 
as a hail' oil, and for illumination; and Ilcllhuba and oloba butter obtained 
from various species of Y irola in Northern South America. 

:Many members of t.he Flacourliaceae in Asia, Africa, and South America 
have oily seeds whieh eontain ehaulmoogrie and mmally hydnocarpie acid. 
These oils have long been used by the nati\'es in treating skin diseases. 
The most important one, chaulmoogra oil, \\'ill be discussed under medici­
nal plants. 

WAXES 

'Waxes are usually found on the epidermis of leaves and fruits, where, 
because of their impervious character, they serve to prevent too great 
loss of water through transpiration. 'Yaxes are harder than fats and 
have a higher melting point. They do not become rancid and are less 
easily hydrolyzed. In chemical composition waxes are quite similar to 
fats, but are esters of monohydric alcohols rather than glycerides. Only 
a few are of commercial importance. Among these may be mentioned: 

Carnauba Wax. This is the most important vegetable wax and occurs 
as an exudation on the leaves of the wax palm (Copernicia cerifera) , a 
native of Brazil and other parts of tropical South America (Fig. 107). 
This slender palm is known locally as the "Tree of Life," since nearly 
every part of the plant is put to some use. The commercial supply of 
wax is obtained chiefly from wild trees in northeastern Brazil. Young 
leaves are carefully selected and gathered before they are fully open and 
are then dried in the sun for several days until the wax is a flourlike dust. 
This is removed by threshing and is melted down in clay vessels. It is 
then strained, cooled, and formed into cakes or broken into small pieces 
for shipment. Several grades are recognized. The crude product is 
greenish-gray in color and is yery hard with a high melting point. Car­
nauba wax is used in the manufacture of candles, soap, high-luster 
varnishes, paints, carbon paper, phonograph records, batteries, sound 
films, insulation, salves, ointments, and many other products. . 

A similar wax, obtained from the trunk of Ccroxylon andicola of the 
South American Andes, is often used as a substitute. 

Candelilla Wax. This wax is obtained from Euphorbia antisyphilitica, 
a low, light bluish-green desert shrub of Texas, Mexico, and 1\ orthern 
Central America. Its tiny leaves are quickly deciduous. The wax 
exudes from pores and forms a thin film on the stems. The amount pro­
duced increases during the \\'inter, so the plants are collected at that time. 
"Tild plants are the principal source, The \\'aX is extracted by solvents 
or by boiling. The crude material is white, but the refined product is a 
light tan color and has a sweetish odor. Candelilla wax is softer, contains 
more resin, and has a lower melting point than carnauba, so it is not as 
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valuable. It is generally used as an extender wax in mixture ,'lith others. 
However, its qualities may be improved chemically so that it may be used 
alone. 

Myrtle Wax. The berries of the bayberry (Myrica pensylvanica) (Fig. 
108) and the ,mx myrtle (M. ccrifcra), both native to the eastern United 
States, are covered "with a thick layer of 'vax. This material is actually 

FIG. 107. The carnauba palm (Copernicia ccrifera) in Brazil. This palm yields the most 
important vegetable wax. (Reproduced from Pan American Blllletin, ]larch, 1932.) 

a fat, rather than a wax. It is removed from the fruits by boiling in water 
and ~s used for candle and soap manufacture. 

Cauassu Wax. The leaves of the cauassu (Calathea lutea), a tall herb 
of the lower Amazon region, is potentially an important source of a com­
mercial wax. The wax is produced on the underside of the large leaves. 
Drying in the sun for only 2 to 3 hours is sufficient for the tissue-paper­
thin scales to form; they are removed by scraping. New ,mx-yielding 
leaves are produced within a year," whereas it takes 8 to 10 years for" 
carnullba leaves to be renewed. Cauassu wax is very similar to carnauba 
and can be used for much the same purposes. 
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Jojoba Wax. The jojoba bush (SimIHondsia chinensis), an evergreen 
shrub of the semiarid regions of the southwestern United States and 
adjacent .Mexico, is unique in having seeds with a 50 per cent liquid wax 
content. This is suitable for making waxing compounds, polishes, and 
candles. It can also be used as an illuminant and, after processing, for 
several types of food products. The oil cake is an excellent stock feed, 
and the acornlike fruits are edible. 

FIG. 108. A bayberry bush (Myrica pensylmnica) on Cape Cod, Massachusetts. (Photo 
by Walter H. Hodge.) . 

Other Waxes. Commercial wax is also obtained from the berries of the 
Japanese wax tree (Rl!1ls succedanea) and allied species and from the 
leaves of the raphia and licuri palms, sugar cane, and esparto. 

SOAP SUBSTITUTES 

A considerable number of plants contain natural products that can be 
utilized as soap substitutes. These are the saponins, a group of water­
soluble glucosides. Plants that contain saponins yield a soap froth in 
water, form emulsions with fats and oils, and are capable of absorbing 
large amounts of gases, such as carbon dioxide. The use of these plants 
and their products in industry is correlated \yith the above properties. 
In addition to the few that are commercially important, there are numer­
ous wild species that are used locally, The most important saponin­
containing plants are: 
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Soapbark. The soapbark tree (Quillaja Saponaria) grows 011 the 
,\'cstern slopes of the Andes in Peru and Chile, The commercial material 
is the dried inner bark, ,,'hich is removed after the outer bark has be~n 
shaved off, The saponin content of the bark is 9 per cent. Soapbark 
forms a copious lather in water and is used in washing delicate fabrics. 
It was one of the best wartime emergency materials for cleaning lenses 
and precision instruments. In medicine it is used to some extent as an 
expectorant and emulsifying agent. However, it is a dangerous drug to 
take internally, as it is very toxic and tends to dissolve the blood cor: 
puscles. For this reason its use to incr,ease the foaming power of beer 
and other beverages, owing to its ability to dissolve gasesl is being dis­
couraged. Soapbark is also a good cutaneous stim"!llant and'is'much 
used in hair tonics.' ' . .~ . 

Soap wort. The familiar old-time garden plant known asJ30uncing Bet' 
or soapwort (Saponaria officillali,s) , contains a considerable amount 'of 
saponin. This plant, a native of Eurasia, is, now naturalized in the 
United States. \Vhen placed in water the leaves produc.e a lath~r which 
is utilized for washing silks and woolens. It not only cleanses, but 
imparts a luster as well. "," " " 

Soapberries. Soap berries are the fruits of a tropical American tree,' 
Sapindus Sapollaria. They are used as soap substitutes, ~nd)n the' 
preparation of hair tonics. " .. ' 

Soaproot. ' The bulb""sof the California soaproot (ChlorogalwiL pmd'erid­
ianum) yield a good lather and-::ii:e.much·used·locallY in washing fabrics. 

~ . . . . . . . .' , 



CHAPTER X 

SUGARS, STARCHES, AND CELLULOSE PRODUCTS 

SUGARS 

Sugars are manufactured by green plants and so are to be found in 
small amounts, at least, in all individuals. So much of the manufactured 
product, however, is used directly in the metabolism of the plant that 
comparatively little is accumulated. Storage sugars are to be found in 
roots, as in the case of beets·, carrots, parsnips, etc.; in stems, as in sugar 
cane, maize, sorghum, and the sugar maple; in flowers, such as the palm; 
in bulbs like the onion; and in many fruits. Several types of sugar are to 
be found, chief among which are sucrose or cane sugar, glucose or grape 
sugar, and fructose or fruit sugar. These sugars obviously serve as a 
reserve food supply for the plant. 

Sugar likewise is one of the most necessary foods for man. The day 
has passed when it was considered merely as a lUxury to be used for 
flavoring purposes. It constitutes a perfect food as it is in a form that 
can be readily assimilated by the human body. Its chief value is as an 
energy producer, and it is particularly well adapted for use after any type 
of muscular exertion. Although primarily a food, such a vast industry 
has been built up in connection with the extraction of the sugar from 
plant tissues, its purification, and refining, that it seems best to consider 
sugar as an industrial plant product. 1v10reover, sugar has become an . 
extremely important industrial chemical with some 10,000 different 
derivatives. 

Sugar is one of the most valuable products of the plant world. It is 
surpassed in importance only by wheat, corn, rice, and potatoes, and 
over 35,000,000 tons are produced annually with a value of 82,000,000,-
000. Considering its importance, it is surprising that the sources from 
which it is obtained are so few in number. Only the sugar cane, sugar 
beet, sugar maple, maize, sorghum, and a few palms are of commercial 
interest. In all of these sucrose is the type of sugar stored. 

Sugar Cane 

The chief source of sugar at the present time is the sugar cane (Sac­
charllm officinarum). This plant is a vigorous and rapid-growing peren­
nial grass, which reaches a height in cultivation of 8 to 12 ft. or more and a 
diameter of about 2 in. It grows in clumps (Fig. 109), with bamboolike 
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stems arising from large rootstalks and with very ornamental feathery 
plumes of flowers. The stem is solid ~\Yith a tough rind and numerous 
fibrous strands, and contains about 80 per cent of juice, the sugar content 
of which varies greatly. 

The commercial sugar cane is a cultigen and is not known in a wild 
state. The plant was probably first domesticated in Southeastern Asia or 
the East Indies from some wild ancestor native to that region. By 

FIG. 109. A fieJd of sugar cane (Saccharum officinarum). 

327 B.C. it had become an important crop in India. It reached Egypt in 
A.D. 6·11, and Spain in A.D. 755. Since that time sugar cane has gradually 
been introduced into all moist tropical and semitropical regions. The 
Spaniards and Portuguese were the great disseminators of the plant into 
the New World. They carried it to :Madeira in 1420, and to America by 
the beginning 01 the folIo-wing century_ Within another hundred years jt 
had spread all over the West Indies and Central and South America. 
Sugar cane was first introduced into the United States in Louisiana in 
1741. The name "sugar" comes from the Sanskrit "sarkara," meaning 



212 ECONOMIC BOTANY 

gra,'el, and refers to the crude sugar, which was the only kind known for 
centuries. 

Sugar cane is the greatest export crop of the tropies and is unafTected 
by many of the conditions that influence other crops. It "'ill gro,,' well in 
any moist hot region where the average rainfall is 50 in. or more a year, 
where there is ample sunshine, and where the temperature does not fall 
belmy 70°F. The methods of cilltivation vary considerably in the differ­
ent countries where the plant is grown. In general, hm"e"er, the practice 
is fundamentally the same. Extensive, flat, ImY-lying fields are utilized 
and these are plmyed deeply." The sugar cane is propagated by cuttings 
of varying length made from the upper joints of old canes. These cut­
tings, known as seed, are placed in trenches and nearly covered with soil. 
They begin to sprout in about two ,,·eeks. 'Yhen the cane is being grown 
for home consumption, the cuttings are often placed in holes. The crop 
has to be cultivated, weeded, and fertilized extensively during the first 
few months. It is. harvested from 10 to 20 months after sprouting. 
Close watch is kept of the sugar content and the canes are cut at just the 
right stage.. This "l~ ~sually when the flowers' are beginning to fade. 
The stems are cut close to the ground for the lowei· end of the cane is 
richest in ·sugar. Cane knives .are ~rdlnarily used, jC)!' m~chines have 
rarely ,proved praqt,jCa:Ole., ?-,he rhizomes ,,~ill norinally give rise to two 
or tJ1ree" ~llore crops,- known as ra'loohs,~"befOl;e another planting is neces­
sary:' - Under- exceptio'l'lal ,co'nditions as' many as 20 ratoon crops have 
been obtained. . . " - . 

]VI any of the cultivated v.a~·ieties:in usc"today are 1wbrids of Saccharum 
o.fftcinale, the." noble cane," ";'ith other"lmrdier 'lpecies. . . 

Formerly each sUlall o"\mer of a stand of sugai· cane extracted his own 
suga~' In a primiti~e mill, and even today these simple methods are 
followed in many places. In general, however, large" centrals" have 
been established which draw their supply from a wide area. The canes 
are brought to the centrals by railroad or any available means of trans­
portation (Fig. 110). In the milling process the canes are first carried to 
crushers, where they are torn into small pieces. They are then passed 
through three sets of rollers. In the first set two-thirds of the juice is 
expressed. They. are then sprayed ,,,ith water to' dilute what sugar 
remains, and are passed through the second set. These rollers exert a 
tremendous pressure and remove nearly all the moisture. After passing 
through the last set the residue is almost bone dry. This bagasse, as it is 
called, ,can be used as a fuel for the mills, or as a source of paper or wall­
board because of its fibrous nature. It also contains a wax with com­
mercial possibilities. 

The juice as it flows from the mill is a dark-grayish sweet liquid full of 
impurities. It contains sucrose, and other sugars as well, together with 
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proteins, gums, acids, coloring materials, dirt, and pieces of cane. The 
purification of the sugai' involves the separation of the insoluble materials 
(defecation) and the precipitation of the soluble nonsugars (clarification). 
The juice is first strained or filtered to remove the solid particles. It is 
then heated to coagulate the proteins, a process 'which the addition of 
sulphur assists. Next lime is added to neutralize the acids present, to 
prevent the conversion of sucrose into less desirable sugars, and to precipi­
tate some of the s~bstances in solution. Th~se are removed by a series of 
filter bags or "a filter pl:ess. Carbon dioxide is often added to aid in the 
process. The chemical processes involved inthe pui-ification of sugar are 
of great importance and are under constant supervision. The juice is 
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FIG. 110. Hauling sugar cane from the field to the mill with a tractor. (Courtesy of the 
United Fruit Company,) , ' ' 

now clear and dark colored, and ready for concentration. It is boiled 
dO\vn to a syrup of such density that the sugar crystallizes out. This 
operation is carried on in open kettles or' vacuum pans. The resulting 
sticky mass is known as massec1lite. This is placed in hogsheads ,,,ith 
perforated bottoms.' The juice slowly percolates through the holes, 
leaving the crystals of sugar behind. This juice constitutes the familiar 
molasses of commerce. In hlany modern plants the massecuite is centri­
fuged, the molasses passing out through fine perforations. The ra,,, or 
crude sugar thus obtained is brown in color and 9(3 per cent pure. 

It can be ,s"en that there are several 'by-products of value. The 
bagasse has already been mentioned. The molasses is a good foodstuff 
and is much used for cooking and candymaking. It is also used in the 
manufacture of rum and industrial alcohol. The better grade~ of molas-
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ses are obtained when the cruder methods of sugar milling are employed, 
for in such cases the sugar content of the molasses is higher. A mixture of 
bagasse and molasses, known as molascuit, is a valuable cattle food. 

The final stage in the preparation of sugar for the market is the refining. 
This is usually carried on in factories located in t.he seaboard cities of the 
United States and Europe. The process involves washing to remove the 
film of dirt from at'o1,lnd the crystals of crude sugar, dissolving the sugar in 
hot water, the removal of any mechanical iinpurities by filtering through 
cloth, decolorihg by p'assing through bone black, recrystallization by 
boiling; ai}d the r.em:oval of the liquids fl:om the granulated sugar by 
centrifugin'g or other means: One hundred pounds of raw sugar yields 
93 lb. of refined sugar and % gal. of refined molasses. The granulated 
sugar 'is 'washed," dried, screened, and packed. Loaf, cube, and domino 
sugars arc-made b)T treating granulated sugar ,,,ith a warm concentrated 
sugar solution·'.and pressing it into molds .. Loa(sugai' is often sawed into 
blocks,' strips, '.01: .other fOl'ms. Powdered sugar is made from loaf sugar 
or imperfect pieces of the other type~ by grinding, bolting, ~nd mixing 
with starch to preve~t lumping. The refining of sugar is a very old proc­
ess and was probably derived from the Arabs. The f_irst type of refined 
sugar was the sugar loaf, which was known in England as eurly as 1310 
and was familiar in America until well into the last century. 

In 194~ India led in the production of cane sugar, raising about 25 per 
cent; of the world's crop of 25,653,000 short tons. Cuba, Brazil, Puerto 
Rico, the other ,Vest Indies, and Australia followed in the order named. 
The United States mainland (Louisiana, Florida, and Texas) pro­
duced 376,000 short tons. The United States leads the world in sugar 
consumption. 

Sugar Beet 

A second important source of sugar is the sugar beet, a variety of the 
common garden beet (Beta vulgaris) wliich ,yas derived from the ,vild B. 
maritima, a species still found on the seac'oasts of Europe. The produc­
tion of beet sugar has equalled, or even exceeded, that of cane sugar at 
various times. Du~jng recent years, hm\'ever, only about half as much 
beet sugar as cane sugar has been produced. 

The sugar beet was known before the beginning of the Christian era, 
but was not used as a source of sugar until modern times. .The presence 
of sugar in the roots was first noted in 1590, but IVIarcgraf in 1747 was the 
first to realize its possibilities. The first real impetus to the industry 
came about 1800 in both France and Germany. Napoleon backed .it 
intensively as part of his embargo against British goods. He was ~ub­
jected to much ridicule because of this, and a famous cartoon was drawn 
picturing him dipping a sugar beet into his coffee; another showed him 
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offering one to his little son, the King of Rome, with the caption, "Suck, 
dear, suck, your father says it's sugar:''' "With the decline" of Napoleon's 
power, interest in the crop waned; It was re~ived in France about 1829, 
and in Germany in 1835, and since 
that time has been a crop of steadily 
increasing importance in many Euro- " 
pean countries. Attempts were made 
to c"ultivate the sugar beet and manu­
facture beet sugar in the United Stat·es 
as early as 1836, but the industry has 
been successful only since 1879. . 

The sugar beet is a white-rooted 
biennial (Fig. 111) which gro1vs best" 
in regions where the summer temper­
ature is around 70°F. The plant wIll 
grow in almost any good soil, and also 
in semiarid regions that can be irri­
gated (Fig. 112). The plants are 
grown from seed and must be thinned" 
out until they are fr'om 8 to 10 in. 
apart. Thorough weeding and deep 
cultivation are necessary. The crop' 
lends itself ,'eadily to machine ~ultiva:" 
tion and harvesting, and so is' ·milch· 
less expensive than sugar; cane. The 
seeds are sown in" April and the roots 
are kept in the ground until October 
for the sugar content increases as"long 
as they are intact. Before the ground 
becomes too hard they are pulled, the 
tops are removed (Fig. 113) to prevent 
any sugar utilization, and they an) 
stored. The finest plants are saved 
for seed. " The sugar beet has been 
greatly improved by selection. 

FIG. 111. A typical sugar" beet (Beta 
vlli(Jaris). (Reproduced from U,S.D.A. 
Farmers' Bulletin 1637, SU(Jar Beet 
Culture in the Humid Area of the United 
States.) " 

Extraction of the juice is simpler than in the case "of sugar cane, for the 
roots are soft and pulpy. Formerly they were rasped to a pulp and the 
juice squeezed out in bags, but at present a diffusion process is almost 
universally u!O~~d. The roots are cleaned, cut into thin strips, and heated 
in running water in a series of tanks. Ninety seven per cent of the sugar 
can be e),.""tracted in this way. The waste beet pulp is removed, and the 
insoluole impurities in the raw juice are precipitated out by a process 
known as carbonation. In this process the raw juice is treated with lime, 
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FIG. 113 Harvesting sugar beets. (Courtesy of the U.S. Beet Suoar Association.) 
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which coagulates some of the nonsugars, and carbon dioxide, ,,;hich 
precipitates calcium carbonate. This settles out along with the impuri­
ties, and the purified juice is separated out by filtration. The process is 
repeated several times, during which sulphur dioxide is -added to adjust 
the alkalinity. Filtration results in a clear liquid which is concentrated, 
crystallized, and centrifuged as in cane sugar. The massecuite is reboiled 
several times. It is impossible to differentiate between raw beet sugar 
and raw cane sugar for they are identical in composition and appearance. 
By-products of the industry include the tops, which are used for cattle 
food and fertilizers; the _wet or dried pulp, "'hich is a valuable cattle and 
sheep food; the filter cake, which is used as a manure; and the molasses, 
which is used for stock feeding or for industrial alcohoL 

In 1947, the total production of beet sugar was 8,806,000 short tons. 
The U.S.S.R. led with nearly 2,000,000tons. Germany, France, Poland, 
and Czechoslovakia also grew large amounts. The output in the United 
States was 1,835,000 tons, chiefly from California, Colorado, and Idaho. 

Sugar Maple 

The making of syrup and sugar from the sap of maple trees is confined 
to northeastern Korth America, and ,,'as discovered and developed in a 
crude way by the Indians. This was referi'ed to-by all the early explorers 
as far back as 1673. Many interesting legends exist regarding the first 
discovery of the sap by the Indians. 

Several species of maple have a sweet sap. -The most important of 
these are the sugar maple CAcer saccharum) and the black maple CA. 
nigr1l1n). The sugar maple is a prominent tree in the northern part of 
the eastern deciduous forest region. It -reproduces naturally and lives to 
an age of 300 or 400 years. The red and silver maples have such a small 
yield that they are of little use. The sap begins to flow about the middle 
of Mai'ch and continues for a month or more. This is' a period of warm, 
sunny days and cold nights. The best flow comes when the temperature 
reaches 25°F. at night and 55°F. during the day. The best location for 
tapping is the first 3 in. of sapwood, about 4Y2 ft. above the ground. 

The Indians made incisions in the bark -or large roots and conveyed the 
sap ty reeds or curved pieces of bark into clay or bark receptacles. They 
boiled down the sap by dropping hot stones into it, -and converted the 
sap into sugar by letting it freeze and skimming off the ice: The early 
settlers "'ere quick to adopt the custom and they made many improve­
ments, eventually tapping with a I-in. auger and using spiles to convey 
the sap into containers. They evaporated the sap in the open in large 
kettles so the sugar had many impurities. The dark-brown sap was 
storeLl and later converted into sugar. This involved the famous sugar­
ing-off, n process in which the syrup was boiled until it became waxy and 
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was then dropped into snow. It was then poured into molds, where jt 
immediately crystallized. These simple methods arc still in usc for 
domestic purposes. 

In commercial production further advances have been made and today 
. modern evaporators have replaced the furnaces and boiling pans of earlier 

times. These are able to convert from 25 to 400 gal. of sap into syrup in 
1 hour. Great improyements have also been made in cleanliness and in 
the methods of collecting and transporting the sap. These large opera­
tions involve from 100 to 1000 trees. A well managed sugarbush (Fig. 

FIG. 114. A maple-sugar orchard ·in Vermont, The sugar maple (Acer saccharum) trees 
have been tapped and pails put in place for collecting the sap, (Photo by U.S. Forest 
Sen'ice.) 

114) has about 70 trees to the acre, thus allowing plenty of room for the 
development of the individual trees. 

The maple-sugar industry reached its peak in 1869 1yhen 45,000,000 lb. 
were produced. ·With the advent of cane sugar it ceased to be an'impor­
tant commodity. ·Wholesale adulteration also tended to make it less 
popular. Today the product is much purer, and the demand is increas­
ing. Vermont leads in both sugar and syrup production, followed by 
New York and Ohio. 

Palm Sugar 

The juice of several species of palms constitutes a fourth source of com­
mercial sugar. This, however, is available only in the tropics. The chief 
species utilized are the wild dat3 (Phoenix sylvestris), the palmyra palin 
(Borass1ls jlabelliJer) , the coconut (Cocos nuciJcra) , the toddy palm 
(Caryota urens), and the gomuti palm (Arcnga pinnata). Several of the 
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oil palms also yield sugar. The date palm is tapped like a maple and the 
sap is obtained from the tender upper portion of tl~e_ ~t~nl:.. In the other 
palms the sap is obtained from the unopened inflorescences. Usually the 
tip of these is cut off and the sap oozes out and is collected in various sorts 
of containers (Fig. 115). The yield of this sweet juice, which is known as 
toddy, amounts to 3 or 4 qt. a day for a period of several months. The 
sap has a sugar content of about 14 per cent. It is boiled down to a 
syrupy consistency and poured into leaves to cool and harden into the 
crude sugar, known as jaggary. Some of this reaches European markets. 

Three quarts of juice yield 1 lb. of sugar. The toddy is often fermented 
to make the beverage known as arrack. The palm sugar industry is a 
very old one in India and over 100,000 tons are still produced each year. 
Palm sugar is also made in many other tropical countries. 

Sorghum Syrup 

The juice contained in the stem of the sweet sorghum (Sorghwn vulgare 
V111". saccharatum) is much used in making syrup. The difference between 
a true sy!'up and a molasses should be borne in mind. A syrup is the 
product obtained by merely evaporating the original juice of a plant, so 
that all the sugar is present. Molasses, on the other hand, is the residue 
left after a juice has been concentrated to a poi!1t where much of the sugar 
has c::ystalIized out and been removed. The sweet sorghum or sorgo is a 
wild plant of the tropics and subtropics which has long been cultivated 
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in many countries. The juice is a pOOl' source of sugar, but yields a 
nutritious and ,yholesome syrup. The stems are easily crushed, and the 
juice is eyaporated in shaBO'\" pans. On the average about 11,000,000 
gal. arc made in the United States for cooking purposes. A similar 
syrup is now being made from sugar cane by clarifying the juice and 
evaporating it to a consistency where the water content is 25 to 30 per 
cent. 

Other Sugars 

Glucose. Glucose, also known as dextrose or grape sugar, is the first 
sugar to be manufactured by the plant. It is present in small amounts in 
many of the organs of higher plants, and is particularly characteristic of 
fruits. For commercial purposes, however, glucose is prepared from 
starch, and it will be discussed in connection with starch products. 

Fructose. Fructose, sometimes called levulose or fruit sugar, is pres­
ent in many fruits along with glucose. It is slightly sweeter than cane 
sugar, and is of value because it can be eaten by diabetics. Fructose is 
prepared commercially from inulin, a polysaccharide that occurs in the 
tubers of the dahlia (Dahlia pinnata), the Jerusalem artichoke (Helianth1lS 
tuberoslls), and other plants. The latter species is now being cultivated 
quite extensively as a source of inulin. 

Mannose. rdannose does not occur free in nature, but is obtained by 
hydrolysis from several complex compounds. It is also readily oxidized 
from the juice of the manna ash (Fraxirws Orn1ls) , a tree of Sicily and 
Southern Europe. This juice oozes from slits made in the bark and dries 
into a very s,Yeet flakelike substance known as manna. Manna is used 
chiefly in medicine. 

Maltose. l\Ialtose rarely occurs in a free condition in plants, but is 
readily produced from starch through the activity of the enzyme diastase. 
The chief use of maltose is in connection ,,,ith the brewing industry, to be 
discussed later. l"laltose syrup is sometimes used as a substitute for 
glucose and in medicine. The maltose obtained from rice starch has been 
used in Japan as a flavoring material for over two thousand years. 

Honey 

:Most showy flowers secrete a sweet substance, known as nectar, which 
serves to attract the various insects essential for pollination. Nectar is 
composed chiefly of sucrose, with some fructose and glucose. It is used 
as food by bees, and some of it, after partial digestion, is converted into 
honey and stored up for future use. During this process the sucrose is 
changed into invert sugar, a mixture of fructose and glucose. Honey 
contains 70 to 75 per cent invert sugar, together with proteins, mineral 
salts, and water. Often the ~ugar tends to crystallize out. Honey was 
probably man's first sweetening material, and it has been used by him as a 
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food for countless ages. Beekeeping is one of the oldest of industries. 
The flavor and quality of the honey vary, depending on the source of the 
nectar. Flowers that contain essential oils impart a characteristic taste. 
Although many plants are visited by bees, some are especially favored, 
and these are often cultivated ncar the apiaries. Alfalfa, clover, buck­
wheat, lindens, and several of the mints and citrus fruits are among the 
favorites. Honey is an excellent food for man, for it is almost pure sugar. 
It is also used in medicine, in the tobacco industry, and in the preparation 
of a fermented beverage called mead. 

STARCHES AND STARCH PRODUCTS 

Starch is one of the most important and widely occurring products of 
the vegetable kingdom, and constitutes the chief type of reserve food for 

FIG. 116. Starch grains. Upper row, potato and sago; second row, wheat, rice, and corn; 
third row, bean :md "'est Indian arrowroot. (ReproJlI~cd by· permission from Brown, 
Textbook of General Botany, Ginn and Company.) 
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grccn plants. It is a complex carbohydrate. It is stored up in thin­
walled cells in the form of grains. Therc are sevcral types of starch 
differing in the size and shape of the grains and other physical and micro­
scopic chamcteristics (Fig. 116). The most important sources of starch 
are the cereal grains and undcrground tubers, although legumes, nuts, 
and other plant organs may contain appreciable amounts. Although 
starch serves as the staple food for animals, and the grcater portion of 
mankind as well, it has so many industrial applications that it may well 
be considered at the present time. 

Starch, in the form known as soluble starch, is extensively used in the 
textile industry to strengthen the fibers and cement the loose ends 
together, thus making a thread that is smoother and easier to weave. It 
also gives a finish to the goods. In calico printing it serves as a mordant, 
a thickener or ,-ehicle for the colors. Starch is likewise used as a sizing 
agent in the paper industry, in laundry ,York, in medicine, in the prepara­
tion of toilet powders, as a binding material for china clay, and as a source 
of many derivatives or starch products. 

Sources of Commercial Starch 

Comparatiyely few starch-containing plants are used for the com­
mercial production of starch, although the number is constantly increas­
ing. The chief sources are maize, potato, wheat, rice, cassava, arrowroot, 
and sago. 

Cornstarch. The grains of maize or Indian corn constitute the source 
of five-sixths of the starch made in the United States. The grains are 
soaked in warm water with a little sulphurous acid to loosen the inter­
cellular tissue and pre\'cnt fermentation. Then the corn is ground in 
such a way as not to injur_e the embryos. This ground material is placed 
in germ separators, where the embryos are removed. The starch material 
is then ground very fine and is either passed through sieves of bolting 
cloth or is washed -fn perforated cylinders in order to remove the bran. 
The resulting milky liquid is run onto slightly inclined tables, where the 
starch grains settle out and the remaining material flows off. The starch 
is later collected and dried in kilns, 'and is then ready for the market. 
The better grades of cornstarch are used for food; the inferior grades are 
used for laundry starch and sizing and as a basis for glucose. The United 
States produces over 400,000 tons of cornstarch. 

Potato Starch. Europe leads in the production of starch from potatoes 
with an output of 300,000 to 400,000 tons annually. In the United States 
about 30,000 tons are prepared, and some is imported. In this country 
the industry is carried on in many small factories located in the potato­
raising statcs, chiefly in Maine and \Visconsin. The culls are utilized for 
starch. These are washed and reduced to a pulp in graters or rasping 
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machines, and the resulting paste is passed through sieves to remove all 
the fibrous matter. After washing, the solid starch is separated out by 
sedimentation, the use of inclined tables, or centrifuging, and is then 
dried. Potato starch is used in the textile industry and as a source of 
glucose, dextrin, and industrial alcohol. 

Wheat Starch. Wheat grains constitute the oldest of the commercial 
sources of starch. It was known to the Greeks, and \yas extensively used 
in Europe in the sixteenth century in connection with the linen industry. 

FIG. 117. 11! aranta arundinacea, one of the sources of arrowroot starch, growing at Tela, 
Honduras. (Photo by Walter H. Hodge.) 

The presence of the gluten in wheat makes the removal of the starch a 
more difficult process. It is carried out by extraction with water or by 
the partial fermentation of the grain. "\Vheat starch is used almost 
exclusively in the textile industry. 

Rice Starch. Rice starch is obtained from broken or imperfect grains 
of rice. These are softened by treating with caustic soda, and are then 
washed, grour,d, and passed through fine sieves. j\10re alkali is added 
and after a time the starch settles out as a sediment. This is removed, 
washed, and dried. Sometimes the starch grains are freed by treating 
with dilute hydrochloric acid. Rice starch is used for the most part in 
lv,undry work, and to some extent for sizing. 
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Cassava Starch. The cassavas of tropical America are important 
sources of food and "'ill be discussed later. Cassanl flour and the more 
familiar tapioca, ho\\,ever, arc also useful in the industries, particularly as 
sizing materials and as the source of many starch products. 

Arrowroot Starch. This starch is obtained from the tubers of several 
tropical plants. "\YeDt, Indian arrowroot comes from ilJ arania annzdinacca 
(Fig. 117), Florida arrowroot from Zamia jloridana, Queensland arrow-

root from Canna edulis, and East Indian arrowroot from Curcuma 
angllstifolia. The tubers are peeled, washed, and crushed and the pulp 
is passed through perforated cylinders. A stream of water carries the 
starch into tanks where it settles out. Arrowroot starch is very easily 
digested and so is valuable as a food for childr:en and invalids. It is but 
little'used in the industries. 
/ Sago Starch. This starch is obtained from the stems of the sago 

palm (11Ietroxylon Sagu), a tall tree of the tropics (Fig. 118). It is 
cultivated in J\Ialaya and Indonesia. The flowers appear when the trees 
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are about 15 years of age, and just prior to this time the stems store up a 
large amount of starch. The trees are cut down and the starch pith is 
removed. This is ground up, mixed with water, and strained through a 
coarse sieve. The starch is freed from the water by sedimentation and, 
when washed and dried, is known as sago flour. The sago of commerce 
is prepared from this by making a paste and rubbing it through a sieve in 
order to bring about granulation. The product is dried in the sun or in 
ovens and appears as hard shiny grains, known as pearl sago. Both sago 
starch and pearl sago are used almost entirely for food purposes. 

Starch Products 

Soluble Starch. Although starch grains are insoluble in cold water, 
they readily swell in hot water until they burst, and form a thin, almost 
clear solution or paste. This soluble starch is much used for finishing 
textiles and in the paper industry. 

Dextrin. ",Vhe~ starch is heated directly, or is treated with dilute 
acids or enzymes, it becomes converted into a tasteless, white, amorphous 
solid known as dextrin, or British gum. Because of their adhesive 
properties dextrins are frequently used as substitutes for mucilage, glue, 
and the natural gums. The United States nOlV uses cornstarch dextrin 
on its postage stamps. Loaves of bread are painted with dextrin so a 
crust will form. In the steel industry the sand for the cores used in 
casting is held together with dextrin. Other uses are in cloth printing, 
glazing cards and paper, and making pasteboard .. 

Glucose. If the process of treating starch with dilute acids is carried 
far enough, the starch is more completely hydrolyzed and is converted 
into glucose, a valuable sugar. In the United States glucose is made 
chiefly from cornstarch, and the product is often refet;red to as corn 
syrup. Often the same factory extracts the starch· and then converts 
it into glucose. The operation is carried on in large copper boilers under 
pressure. About 6 lb. of dilute hydrochloric or sulphuric acid are used 
for each 10,000 lb. of starch. After all the starch has been converted, the 
free acids are neutralized with caustic soda. The liquid is then decolor­
ized with boneblack and concentrated into a thick syrup. One of the 
common brands of corn syrup is "Karo." Glucose is often thought of as 
an inferior substitute for cane sugar. As a matter of fact, it is a real 
sugar in its own right and is a good food material. It is used as a table 
syrup, for s\y~etening, and in candies, jellies, and all kinds of cooking. 
It is often .::nixed with maple syrup, brown sugar, honey, or molasses. 
It is used for making vinegar and in brewing. The United States pro­
duces over 1,000,000 lb. annually. In Europe glucose is made chiefly 
from potato starch. Crystallized corn sugar or grape sugar can be pre-
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pared by continuing the hydrolysis of the starch to its completion, par­
ticularly if dilute sulphuric acid is used. 

Industrial Alcohol. An enormous quantity of industrial alcohol is 
manufactured from starch. Corn ttnd potatoes constitute the chief 
sources, although the other starches, and even cellulose, the various 
products of the sugar industry, and fruit juices are utilized. The process 
inyolves the conversion of the starch into sugar by means of diastase and 
the fermentation of the sugar by yeasts to yield the alcohol. The opera­
tions are carried out under different conditions from those followed in the 
manufacture of alcoholic beyerages. After fermentation has stopped, the 
alcohol is extracted from the mash by fractional distillation. The alcohol 
thus formed as a result of the fermentation of sugar is knmyn as ethyl 
alcohol, as distinguished from methyl or wood alcohol, a product of the 
destructiye distillation of ,,·ood. In order to render it undrinkable, ethyl 
alcohol is often" denatured" by the addition of methyl alcohol or other 
substances. Industrial alcohol is the most important and most widely 
used solvent and is the basic material in the manufacture of several 
hundred products. It is also used in medicine, pharmacy, and various 
industries. 

Nitrostarch. Starch is so similar to cellulose in composition that it 
reacts in similar ways. Just as cellulose reacts with nitric acid to form 
nitrocellulose, so starch unites with this acid to yield nitrostarch. This is 
one of the safest of the high explosives, particularly if the ingredients are 
absolutely pure. Tapioca starch was formerly imported for this purpose, 
but during the First 'Y orld 'Yar the l~ nited States developed cornstarch 
as a source. By the end of the \yar 1,720,000 lb. of nitrostarch a month 
were being made for use in hand grenades. 

CELLULOSE PRODUCTS 

Cellulose, the most complex of the carbohydrates, is universally present 
in the cell walls of plants. Because of their strength, cells ,,·ith thick ~\\"alls 
have long been utilized in the industries. 'Ye ha,Te already discussed 
the usefulness of the yarious plant fibers in the textile industry. Here, as 
in other cases, the natural products were the first to be used. Later the 
plants were cultivated, and during this period of cultivation it was possi­
ble to improve very considerably on nature. As a result of repeated 
experimentation, longer, stronger, and cheaper fibers were produced. 
~ ow we have reached a third stage in which we are no longer entirely 
dependent on natural products for our fibers, but are able to make them 
directly from cellulose or from variumi chemical elements. These arti­
ficial fibers arc only one example of the countless derivatives of cellulose, 
Q,ll of which arc interesting und extremely vahmhle in our daily lives. 
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Cellulose chemistryt'l'has become one of the most important phases of 
organic chemistry. 

Cotton is a yery pure form of cellulose, and for a long time it was the 
only source of the cellulose used in the production of the artificial fibers 
and other cellulose products. The science of wood technology has no,,· 
macle possible the production of high-grade cellulose from wood and its 
conyersion into many different products and raw materials of industry 
(Fig. 119). 'Vhen certain woods are treated with concentrated acids or 
alkalies, the bond between the wood fibers and the lignin which cements 
them together is broken, and the fibers which are pure cellulose can be 
removed. These fibers may then be reorganized as paper, or they may 
be treated further ,vith chemicals .. If this chemical treatment merely 
causes the dissolution of the fiber into its component molecules, these 
molecules may be resynthesized into artificial fibers or conyerted into 
celllllose plastics. However, if the molecules themseh"es are broken down, 
their component elements-carbon, hydrogen, and oxygen-may be 
recombined to form wood sligar. In its turn, this wood sugar may be 
transformed into yeast or alcohol and thus become ayailable for food or as 
the raw material for numerous industrial products. 

PAPER AXD PAPEK\[AKIKG 

One of the important uses of cellulose is in the manufacture of paper. 
This is a very old industry. The word "paper" comes from the Latin 
"pap}~rus," the name of a sedge, the pith of which ,vas used for paper in 
Egypt as early as 2400 B.C. The Chinese, however, were the first people 
actually to make paper. The industry spread from China to India, 
Persia, and Arabia and thence through Spain to the European countries. 
The first paper mill in the United States was established near Philadelphia 
in 1690. 

RA \\" l\IATERIALS 

Paper can be made from any natural fibrous material. The paper­
making value of the various fibers depends on the amount, nature, soft­
ness, and pliability of the cellulose present in the cell walls. This 
cellulose may occur alone or in combination with lignin or pectin. The 
compounds of cellulose that occur in the artificial fibers, however, are not 
well suited for papermaking. In the past a considerable number of raw 
materials have been prominent, and many others have been experimented 
with. At the present time, however, comparatively few are of com­
mercial importance. Chief among these are wood fibers, cotton, and 
linen. 

Wood Fibers 

The use of wood as a raw material in the paper industry (Fig. 120) 
began in 1840 and dates commercially from 185·L Today wood has 

... 
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largely supplanted the other fibers and furnishes UCr per cent of all the 
paper manufactured.in the United States. The industry is still under­
going development in regard to the species utHized and the processes 
involved. Recent experiments with specially processed and purified 
wood pulp point to an even greater and more efficient utilization in the 
future. 

Spruce is the most important source of 'wood pulp and furnishes about 
30 per cent of the total supply. It is an ideal material for it has all the 
requirements of a good pulpwood. The fibers are long and strong with a 
maximum content of cellulose. The wood is almost free from resins, 

FIG. 120. A pile of pulpwood in Somerset County, l\laine. (Photo by U.S. Forest Service.) 

gums, and tannins; and it is light colored, sound, and usually. free from 
defects. Red spruce (Picea rubens), white spruce (P. glauca), and Sitka 
spruce (P. sitchensis) are all used for pulp. 

Tile second most important pulpwood at the present time is southern 
. yellow pine (Pinus australis). This species has had a remarkable rise in 
prominence in recent years and has outstripped the hemlock, which now 
occupies third place. The eastern hemlock (Tsuga canadensis) continues 
to be used, chiefly in the Lake States, while the western hemlock (T. 
heterophylla) is increasingly important on the Pacific Co~st. The aspens 
. (Populus grandidentata and P. tremuloides) and the balsam fir (Abies 
balsal'lea) also furnish a considerable part of the supply. 

Othel less important species include jack pine (Pimts Banksiana) , 
tamarack (Larix laricina) , white fir (Abies concolor), and several harcl-
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\yoods, among them the beech (Fagus grandljolia) , sugar maple (AceI' 
saccharum), and birch (Betula lutca). Sawmill \\"aste is today an increas­
ingly "aluable source of wood pulp. 

Cotton and Linen 

Until the middle of the nineteenth century cotton and linen rags were 
the only source of paper, and they are still used for the finest grades. 
Cotton fibers have a high felting pO\"er and a high content of celluluse 
(91 per cent). Rags and ra,Y cotton in the form of fuzz or linters are 
utilized. Flax fibers, which comprise linen, contain 82 per cent of pee to­
cellulose and yield a paper of great strength, closeness of texture, and 
durability. Textile waste can also be used. In the preparation of rag 
pulp the material is sorted, cut into small pieces, and freed from dust. 
It is then boiled in caustic soda to remove the grease, dirt, and dyes, and 
is washed until perfectly clean. The resulting pulp is ready for the actual 
operations involved in papermaking. 

Raw Materials of Minor Importance 

Esparto. The esparto grass (Stipa tcnacissima) is an important raw 
material in Great Britain. The plant is a native of Northern Africa, 
where it flourishes in dry, sandy, and rocky coastal regions. The tufted 
wiry stems are plucked and pressed into bales for shipment. Esparto is 
converted into pulp by heating in a caustic-soda solution under pressure. 
Although the cellulose content is only 48 per cent, the fiber has great 
flexibility and felting power. It yields an opaque, soft, light paper of 
uniform grade. The finer printing papers in England are made from 
esparto, either alone or in mixture. Another grass, Lygc1lin Spartwn, is 
sometimes used as a source of esparto. 

Textile Fibers. Many textile fibers in addition to cotton and flax have 
been used as sources of paper. The waste material of the jute and· hemp 
industry, in the form of old ropes, sacking, sailcloth, and the like, was 
formerly used extensively for making strong and tough papers. Jute 
and jute butts were used chiefly for wrapping paper, envelopes, cable 
insulation, etc., while hemp, after bleaching, yielded ledger and bank-note 
paper. :Manila hemp was an important source of envelopes and wrap­
ping paper. Ramie, sisal, sunn hemp, New Zealand hemp, coil', and 
many other fibers have been utilized. 

Paper Mulberry. The soft, lustrous, and very strong bast fibers of 
this species, already discussed as the source of tapa cloth, ha"e long been 
used in .Japan for paper lanterns and umbrellas, as well as paper for writ­
ing purposes. The fiber is prepared by sci'aping, soaking, and beating, 
after which it is mixed with mucilage and spread on frames to dry. When 
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treated with oil this paper becomes strong enough to serve as a substitute 
for cloth or leather. 

Other Sources. The raw materials mentioned above by no means 
exhaust the list of papermaking plants. The stems of wheat, rye, barley, 
rice, oats, and other grasses are used for low-grade paper, strawboard, 
cardboard, and pasteboard. The fibers from these plants have a low 
cellulose content, and are too short and small to have much tensile 
strength. They are consequently used in mixture with other fibers. In 
the United States cornstalks, sugar-cane bagasse, and waste paper have 
been extensively developed as sources of paper. Even such unusual 
materials as banana fiber, tree bark, rushes, weeds, licorice, broomroot, 
tobacco and cotton stalks, beet-pulp waste, and peat have been experi­
mented with. 

Still other species are used in oriental countries. Bamboo fiber 
constitutes an important source of paper in India and China. The 
papyrus (Cyperus Papyrus), baobab (Adansonia digitata) , and Daphne 
cannabina are much used in India and Africa. The so-called rice paper 
of China and Japan is made chiefly from Tetrapanax papyrijeru11l, Edge­
worthia lomenlosa, or TV ickstroemia canescens. 

THE MANUFACTURE OF 'Vaal) PULP 

Wood pulp plays such an important part in the paper industry that it 
,dll be wOlth ·while to discuss briefly the methods by which it is manu­
factured. Either a mechanical process or one of three chemical processes 
is involved. 

Mechanical Process 

In this method the wood is barked, washed, and cut into small lengths. 
These bolts, as they are called, are forced against rapidly revolving stones 
or grinders, and the fibers are torn apart by abrasion. In the cold method 
a large amount of pure water is used to prevent heating, and a fine, even 
grade of fiber results. In the hot method very little ,vater is used, and 
coarser, longer fibers are obtained. After grinding, the material is 
screened to remove any impurities and to grade it. It is then pressed 
between rollers to remove most of the water. Finally it is passed through 
a lapping machine which turns out flat layers of pulp. These can be 
made at once into paper, or they can be dried and shipped to consumers 
elsewhere. 

In the mechanical process resins, lignin, and other undesirable materials 
are not removed. These substances resist bleaching agents and cause 
the paper to turn yellow. Furthermore the fibers produced do not felt 
readilv. Mechanical pulp, often called groundwood pulp, is poorest in 
grade, printing quality, strength, and durability. It is, however, the 
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cheapest kind to manufacture. About 30 per cent of the pulpwood used 
is reduced by this method. Spruce is the wood ordinarily used. About 
85 per cent of the total consumption of this species is converted into 
mechanical pulp. It is used for newsprint, low-grade wrapping paper, 
and other types of paper where strength is not required and where tl_le 
paper needs to be used for only a short time. 

Chemical Processes 

In these processes the lignin and most of the other materials are 
remo\"ed and the fibers "'hich are almost pure cellulose remain. The 
wood is split and placed in a chopper, which produces coarse chips. 
These chips are screened to remove knots and large pieces, and are then 
subjected to one of three treatments. 

In the sulphite process carefully selected chips are cooked with steam 
in a solution of acid calcium SUlphite. This is prepared by burning 
sulphur to sulphur dioxide and passing this gas across broken li~estone 
oyer "'hich water is trickling. After digestion in the liquid the~ pulp is 
washed, screened, lapped, and dried. About 50 per cent of the pulpwood 
used is reduced by this method. Spruce furnishes two-thirds of the 
supply and hemlock and balsam fir the remainder. I,Heached sulphite 
pulp is used for the higher grades of paper and, after fu~er ~urification, 
for artificial fibers. 

The soda process lenels itself to the reduction of hardwoods and pine. 
It is comparatiyely simple. involving the digestion of the wood under 
pressure in a solution of sodium hydroxide at a temperature of abput 
240°F., followed by \\"Ushing, bleaching, and lapping. Aspen is the 
principal species used, although seyeral other hardwoods and southern 
pine arc utilized. . 

The sulphate process is the most recent method for the reduction of 
pulpwood, and offers promise of greater deyelopment in the future. It is 
adapted to coniferous woods with a high resin content. First used in 
1883, it has always been prominent in Europe, and today it is of steadily 
increasing importance in the United States. In this country southern 
yellow pine and the waste from lumbering operations and sawmills supply 
much of the raw material. Hemlock, spruce, tamarack, jack pine, and 
balsam fir arc also used. In this process the wooel is digested in a solution 
of caustic soda, sulphide of soda, and a little sulphate of soda. After· 
cooking in this mixture, the pulp is washed, screened, and pressed. The 
greater part of the sulphate pulp manufactured is used in making kraft 
paper, a strong brown \\Tapping paper. It may be bleached, howeyer, 
and yields a white paper that is softer and more pliable than that made 
from sulphite pulp. 

o 
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The waste liquor, particularly from the sulphite process, is now being 
reclaimed and can be used in making many valuable products. 

TIlE IVfANUFAC'l'UHE OF PAPEH FHO]\! PULP 

'The actual process of papermaking involves several steps, the first of 
which are concerned with the further treatment of the pulp. These 
include bleaching, ,mshing, and the complete separation of the fibers. 
The latter operation is carried on in a machine known as a beater, or 
"Hollander." During this process sizing, usually rosin, is added to 
make the paper water- and ink-resistant. In some cases filling or loading 
materials are added which result in a more printable surface. Clay is 
commonly used for this purpose. If colored paper is required"the dye is 
added during the beating process. Mmdants are usually necessary to 
fix the color, for cellulose is very inactive. . 

From the beater the pulp passes to the papermaking machine itself. 
This consists essentially of an endless wire screen revolving around a series 
of rollei-~i It',-is a modification of the original Fourdrinier machine, the 
first to make paper, which was invented at the beginning of the nineteenth 
century. The final stages of papermaking are carried out in the presence 
of enormous quantities of water. They are mechanical and physical 
rather than: chmriical in nature and result in the reorganization of the 
fibers. The pulp is poured on the screen and the water passes t~rough, 
leaving a continuous sheet of interlacing fibers. This sheet is passed on 
to a felt and is carried to a series of heavy rollers where the watet is 
squeezed out, and then through heated cylinders where the sheets ai'e 
dried. Finally the paper is run through the calenders where a smooth 
finish is put on. The paper is then ready to be cut to any desire~size. 

KINDS OF PAPER AND PAPER PRODUCTS 

Once used only as a means of communication, paper now serves a multi­
tude of purposes, and countless paper produCts are in daily use. 

Different kinds of paper require different ra,Y materials and modifica­
tions in the process of manufacturing. Fine papers, as they are called, 
include bond, ledger, book, writing, and similar papers. The best grades 
are made from rags or sulphite pulp; medium grades are made from mix­
tures of rag and chemical pulp; the poorer grades contain only wood pulp. 
Newspaper stock usually consists of 85 per cent mechanical wood pulp and 
15 per cent unbleached sulphite. lY rapping paper comes from kraft 
pulp for the rr.Qst part, although various textile fibers are still sometimes 
used as raw materials. Blotting paper is composed of short fibers loosely 
interwoven and free from loading or sizing. Formerly it was prepared 
entirelY from cotton rags, but today soda pulp is used either alone or in 
mixtme. Paperboard is made from any low-grade material-old news-
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papers, boxes, or other waste material-often 1Il combination with 
mechanical or chemical pulp. Papier-mache consists of old p:1per stock 
boiled to a pulp, mixed with glue and starch paste, and pressed into molds. 
Vegetable parchment is prepared from the purest alpha cellulose stock. 
Sheets of paper arc dipped in sulphuric acid and then thoroughly washed 
with water. This treatment gives a hard translucent coating to the 
paper; it is ,Yaterproof and grcaseproof and is used chiefly in packaging. 
Bags are usually made from unbleached kraft; some bleached kraft and 
sulphite pulps are utilized. Carbon paper is a very strong linen or cotton 
rag paper coated with a colored wax. Sulphite pulp may also be used. 
Facial tissue is obtained from a soft pulp, usually 100 per cent sulphite. 
Cigarette paper is now made from flax; formerly linen rags "oere utilized. 
Roofing and building papers and many other special types are manu­
factured by treating paper with wax, tar, asphalt, oils, resins, or other 
substances. Papreg is paper impregnated with plastics and then lami­
nated or molded into a very strong but lightweight material. 

ARTIFICIAL FillERS 

e, , 

From the Middle Ages until the present time there have been many 
schemes to make artificial silk and other fabrics. In 1880 Count de 
Chardonnet made the first artificial fiber, and a few years later the first 
artificial silk. Shortly after, factories were established for making the 
product. At the outset this new material was handicapped by its name 
for the public considered it only as an imitation or a substitute. This 
cQndition existed asJate as 1908. ?\ ow we realize that all the artificial 
fibers constitute entirely new products with "aluable characteristics and 
properties of their o>yn. Today their production is one of the great 
industries. In the United States alone over 792,000,000 lb. were manu­
factured in 1945, a notable increase from the 800,000 lb. that constituted 
the first commercial production in 1911. At least four different processes 
have been in use. In view of the fact, however, that about 85 per cent 
of the output is made by the viscose process and is marketed under the 
name "rayon," the Federal Trade Commission has decreed that all 
synthetic fibers should bear this name. The objective of all these proc­
esses is to overcome the natural limitations of the fibers and give them 
more desirable qualities. 

The raw material of the rayon industry is high-polymer alpha cellulose, 
prepared in a pure form from wood pulp or cotton linters. Purification 
is accomplished by the elimination of mechanical impurities through air 
separation and then cooking in a 3)-2 per cent sodium hydroxide solution. 
This removes all the other organic substances. The pure cellulose fibers 
that remain are bleached, washed, and dried. The first step in the manu­
facturing process is to dissolve the cellulose by means of various solvents, 
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thus rendering it sufficiently liquid so that it can be squirted in a fine jet. 
The solution is then forced by pressure through minute perforations in 
glass or platinum, and emerges from these" spinnerets" in thin streams. 
These streams are coagulated into fine, almost invisible filaments in 
various ways. The solvents are removed, and the filaments are caught 
up by revolving reels and twisted into threads suitable for spinning. 
The threads are washed, bleached, and dried in skeins. In the viscose, 
nHrocellulose, and cuprammonium processes the final product is an 
almost pure cellulose fiber, known as regenerated cellulose. Chemically 
this is identical with the cellulose in cotton, but it differs in its mechanical 
properties. The product of the acetate process is a cellulose ester, 
celllllose acetate. This differs from regenerated cellulose in both its 
chemical and physical properties. The various kinds of rayon will be 
discussed briefly. 

Viscose Rayon. This is the original "rayon" process, and furnishes 
the greater part of the rayon manufactured (Fig. 121). Bleached sul­
phite wf;>od pulp and pulp from cotton linters are used, often in equal 
amounts. The purified cellulose is treated with caustic soda and then 
with carbon bisulphide. The resulting cellulose xanthate, with the addi­
tion of a little water, becomes a foamy orange-yellow mass, known as 
viscose. This is allowed to age for a ,vhile and is then forced throllgh the 
spinnerets into a regenerating solution. Here the xanthate groups are 
removed and the filaments of reg~nerated cellulose coagulate, 

Cellulose Acetate Rayon. This product is often called "celanese." 
Cotton or wood pulp is treated with acetic anhydride, acetic acid, and a 
little sulphuric acid as a catalyst. When dissolved, the material is 
poured into water and cellulose triacetate precipitates out. This, is dis­
solved in acetone or other solvents and, when about the consistency of 
honey, it is forced through the- spinnerets into a chamber containing 
warm air. Here the solvents evaporate and the cellulose acetate fila­
ments coagulate. Acetate rayon is second to viscose rayon in importance. 

Cuprammonium Rayon. In this process the cellulose is tre:;tted with 
ammoniacal copper hydroxide. The viscous solution that results is 
forced through the spinnerets into an acid bath consisting of caustic soda 
or sdphuric acid, where the threads of ·regenerated cellulose coagUlate. 

Nitrocellulose Rayon. This name is a misnomer, and the product 
should more properly be called cellulose nitrate rayon. It is often called 
Chardonnet silk, while the process is referred to as the Tubize process. 
Although it is the oldest type of rayon, the process is virtually obsolete 
at the present time. Cotton linters are utilized. The cellulose is dis­
solved in nitric and sulphuric acids and the resulting pyroxylin is further 
dissol :ed in an ether-alcohol mixture or some other solvent. It is then 
forced through the perforations and coagulates in the air. The solvents 
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are removed from the cellulose nitrate filaments, and also the nitro groups 
ate removed in order to reduce the inflammability of the product, which is 
regenerated cellulose. 

Rayon fibers vary in tensile strength and elasticity. They may be 
either lustrous or dull. In general they take dyes more readily than do 
the natural fibers. One handicap is their tendency to absorb a consider­
able amount of moisture ,,-hen wet and to weaken proportionately. They 
resume their strength, however, on drying out. Improvements are con­
stantly being made which increase the efficiency of the product. Rayon 
has over 500 uses. It may be utilized alone or in combination with 
natural silk or fibers of plant origin. Among the products made from 
rayon may be mentioned hosiery, underwear, shirts; dress and suit 
fabrics, neckties, ribbons, draperies, and many other household and 
industrial textiles. An exceedingly important development which 
greatly increased the usefulness of rayon was the invention in 1926 of the 
staple fiber. This is made by cutting rayon filaments into short, uniform 
lengths which are then spun into textile yarns. Cellulose acetate rayon 
does not absorb ,yater as readily as does viscose rayon and so is stronger 
in the presence of moisture. However, it does not take dyes so readily as 
the other types. One important use of acetate rayon is in electrical 
insulation. 

OTHER CELLULOSE PRODUCTS 

The fact that cellulose will dissolve in various s01vents has made possi­
ble the development of plastics and many other products of great value 
and usefulness. It will be possible to mention only a few of these cellulose 
derivatives. 

Cellulose Nitrate Products 

'When cellulose is treated , .. ith concenti'ated nitric acid in the presence 
of sulphuric acid, se"eral types of cellulose nitrate are fOl;med. These 
differ depending on the concentration of the nitric acid, and the con­
sequent degree of nitration; the temperature; and the duration of the 
action. The higher cellulose nitrates are called guncotton, or, errone­
ously, nitrocellulose. The lower nitrates constitute pyroxyEn, or col­
lodion cotton as it is sometimes called. 

Guncotton is prepared from cotton linters, and during the process the 
cellulose is completely nitrated. It is used as an ingredient of many high 
explosives. Cordite, for example, is a combination of guncotton and 
nitroglycerin, while smokeless powder is made from a mixture of gun­
cotton and the lower nitrates. 'Vhen properly made, guncotton is one 
of the safest of the explosives to handle, particularly when it is wet. 

Pyroxylin is produced by the partial nitration of cellulose. This proc­
ess is carried on under different conditions from those which result in the 
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formation of guncotton. The product is very valuable in industry. It 
made modern photography possible, for films usually consist of pyroxylin 
coated with gelatin. Its use in the rayon industry has already been 
mentioned. Perhaps the chief value of pyroxylin, however, lies in the 
fact that it is soluble in a variety of solvents and yields many useful 
products, such as collodi~n, celluloid and other plastics, artificial fabrics, 
and varnishes. 

Collodion is a solution of pyroxylin in a mixture of ether and alcohol. 
If a layer of collodion is spread out and exposed to the air, the solvents 
gradually evaporate and leave a thin, tough, impenetrable film. This 
characteristic makes collodion of value as a protective covering for 
wounds, and "X ew Skin" is familiar to everyone. 

Celluloid, the first plastic, is another well-known cellulose derivative. 
It consists of pyroxylin dissolved in camphor. Celluloid was first made in 
1870 by John Hyatt. He mixed guncotton with camphor and placed the 
material in a hot press. The result was a clear homogeneous solid. At 
the present time celluloid can be easily made by nitrating thin tissue 
paper, or some other form of nearly pure cellulose, up to the point where 
the cellulose becomes soluble, but not far enough to convert it into gun­
cotton. This pyroxyli~ is then mixed with camphor, submitted to pres­
sure, and dried. Celluloid can be molded at lOO°F. It can be dyed and 
made to imitate anything from ivory to coral and mosaics. Its chief 
drawback is. its inflammability. Countless other products of a similar 
nature, such as pyralin, are on the market. 

Artificial fabrics are now being made from cellulose nitrate. For many 
years oilcloth and linoleum were the only· materials of this nature, and 
drying oils werenecessary for their manufacture. N ow modified cellulose 
nitrate is combined with various solvents, such as amyl acetate, butyl 
alcohol, etc., and many new and durahle products are obtained. Among 
them may be mentioned the fabrics used for automobile curtains and 
cushions, and the leather substitutes, which can be used for shoes,. book­
binding, and many other purposes. 

The varnish industry has been revolutionized by the use of cellulose 
nitrate. The speed of modern automobile production required a varnish 
that would dry more quickly than those derived from the natural plant 
products .. In answer to this demand the "lacquer paints," such as 
" Duco," were developed. Cottons linters are bleached and purified 
and converted into cellulose nitrate. This is mixed with small amounts 
of gums, resins, pigments, and various solvents. The resulting product 
yields in two days a finish more resistant and more durable than the old 
varnishes formed in 24 days. These new varnishes are adapted to either 
wood or metal. 
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Cellulose Acetate Products 

Cellulose acetate also has many important industrial uses. It is now 
extensively employed as a substitute for cellulose nitrate in the film 
industry for it is much less inflammable. However, the films are more 
brittle and more expensive. It is also used for automobile goggles, gas 
masks, automobile windows, coverings for index cards, artificial fabrics, 
varnish for airplane wings, and many other purposes. 

Viscose Products 

Viscose products are also of great importance. Perhaps the best known 
is cellophane, so extensively used for wrappings. This is made by forcing 
crude viscose through tiny slits rather than perforations. It coagulateR 
into a thin transparent film 71000 in. in thickness. These viscose films 
are now used for countless purposes, even for sausage casings. Viscose 
fibers have replaced cotton in "\Yelsbach mantles. 

PRODUCTS OF CELLULOSE HYDROLYSIS 

The complete hydrolysis of cellulose by means of acids is a process of 
saccharification and ultimately results in the conversion of the cellulose 
into wood sugar, which in its furn yields alcohol ~nd yeast. It is a com­
plement of the manufacture of paper pulp from '"ood. 

During the normal process of pulpmaking 1 ton of wood is converted 
into H ton of pulp a~d enough wood sugar to yield 10 to 12 gal. of alcohol. 
If the cooking time is doubled; an edible starchy material, which is an 
excellent cattle feed, and sufficient sugar to furnish 20 gaL of alcohol are 
obtained. Using a still longer cooking time all the cellulose can be con­
verted into sugar with an eventual potentiality of 60 to 80 gal. of alcohol. 

Several types. of wood sugar are produced. Conifers yield- glucose, 
pentose, and mannose; hardwoods glucose and pentose.. These sugars 
are-useful because they can readily be fermented. 

Glucose and mannose, which comprise about two-thirds of the wood 
sugar, are converted into ethyl alcohol by the action of· ordinary yeast. 
This industrial alcohol has a wide range of uses. Pentose sugars are not 
fermentable into alcohol, but they can be converted, through the agency 
of a bacterium, Torulopsis 1dilis, into the so-called Torula yeast, an 
edible substance with a 50 per cent protein content. One ton of pulp will 
yield from 40 to 100 lb. of yeast. 

Cellulose hydrolysis should play an increasing role in a well-organized 
scheme of forest utilization, as it eliminates much of .the waste. Small 
pieces of 1"ood, chips, sawdust, wood flour, and sawmill waste can all be 
utilized effectively. It is also possible to recover wood sugar from sul­
phite waste liquor. 
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HEMICELLULOSE 

The seeds of many tropical plants huye exceedingly thick, hard, and 
hetwy walls consisting of hemicellulose. This substance, which is a 
modification of normal eellulose, constitutes a supply of reserve food for 
the plant. In young seeds tl~e endosperm consists of a milky juice, but as 

./ 

FIG. 122. The iyory-~ut palm (Phytelephas'macrocarpa) in fruit. 
are the source of vegetable: ivory. 

the seeds mature this fluid is gradually replaced by the horny material. 
Hemicellulose cannot be used by animals as a food. It does, ho",e\'e1', 
playa part in the industrial ,yorId for it is the source of the vegetable 
ivory of commerce. 

Vegetable Ivory 

The chief source of vegetable ivory is the ivory-nut or. tagua palm 
(Phytelephas macrocarpa) of tropical America. This palm is a low-grow­
ing tree (Fig. 122) characteristic of river banks from Panama to Peru. 
The drupelike fruits contain from six to nine bony seeds with a thin brown 



SUGARS, S'1'~lRCHES, AND CELLULOSE PRODUCTS 241 

Jayer on the outside and a very hard and durable endosperm. Great 
numbers of these seeds are collected by the natives and shipped to Europe 
and the United States. Ecuador is the chief exporting country. This 
vegetable ivory can be carved and turned and finds an extensive use as a 
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FIG, 123. Stages in the manufacture of buttons from the seeds of the ivory-nut palm. 
(Courtesy of the Botanical ",Iusewn of Harvard University.) . 

substitllte for true ivor)r in the manufacture of buttons (Fig. 123), chess­
men, poker chips, dice, knobs, inlays, and similar articles. 

Several African and Polynesian palms, as well as other tropical Ameri­
can species, have seeds of a somewhat similar nature. \Vith the excep­
tion oi lllctroxylon amicanl1li of the Caroline Islands, however: these are 
not important. articles of commerce. 



CHAPTER XI 

MEDICINAL PLANTS 

THE HISTORY OF MEDICINAL PLANTS 

From earliest times mankind has used plants in an attempt to cure 
diseases and relieve physical suffering. Primitive peoples in all ages have 
had some knowledge of medicinal plants, derived as the result of trial 
and error. These primitive attempts at medicine were based on specula­
tion and superstition. :Most savage people have believed that disease 
"'as due to the presence of evil spirits in the body and could be driven out 
only by the use of poisonous or disagreeable substances calculated to make 
the body an unpleasant place in which to remain. The knowledge regard­
ing the source and use of the various products suitable for this purpose was 
usually restricted to the medicine men of the tribe. As civilization 
progressed the early physicians were guided in great part by these 
observations. 

In all the early civilizations there was much interest in drug plants. In 
China, as early as 5000 to 4000 B.C., many drugs were in use. There are 
Sanskrit writings in existence 'which tell of the methods of gathering and 
preparing drugs. The Assyrians, Babylonians, and ancient Hebrews 
"'ere all familiar with their use. Some of the Egyptian papyri, written as 
early as 1600 B.C., record the names of many of the medicinal plants used. 
by the physicians of that day, among them myrrh, cannabis, opium, aloes, 
hemlock, and cassia. The Greeks ,,,ere familiar with many of the present­
day drugs, as evidenced by the works of Aristotle, Hippocrates, Pytha­
goras, and Theophrastus. Even in their highly developed civilization, 
however, the supernatural element was still uppermost. Only a f~w men 
were considered able, because of some special power, to distinguish 
between valuable and harmful plants. These rhizotomoi, or root diggers, 
were an important caste in ancient Greece. The Romans were less 
interested in healing plants. However, in 77 B.C. Dioscorides wrote his 
great treatise, "De :Materia :Medica," which dealt with the nature and 
properties of all the medicinal substances known at that time. For 
fifteen centuries this work was held in high esteem, and even today it is 
valued by the Moors and Turks. Pliny and Galen also wrote about drug 
plants. 

After the Dark Ages ,,,ere over, there came the period of the herbalists 
and encyclopedists, and the monasteries of Northern Europe produced 
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vast compendiums of true and false information regarding plants, stress­
ing in particular the medicinal value and folklore. It was about this 
time that the curious" Doctrine of Signatures" came into being. Accord­
ing to this superstitious doctrine all plants possessed some sign, given by 
the Creator, which indicated the use for which they were intended. Thus 
a plant with heart-shaped leaves should be used for heart ailments, the 
liverleaf with its three-lobed"leaves for liver troubles, and so on. ~1any 
of the common names of our plants of today owe their origin to this 
curious belief. Such names as heartsease, Solomon's-seal, dogtooth violet, 
and liverwort carryon the old superstition. 

From this crude beginning the study of drugs and drug plants has 
progressed until now pharmacognosy and pharmacology are essential 
branches of medicine. As ari indication of the way botany and medicine 
have gone hand in hand, even in comparatively recent times, may be 
mentioned the fact that the great majority of the early botanists in the 
United States were also medical men. . 

DRUG PLANTS 

For the purposes of economic botany we are most interested in that 
branch of medical science which deals with the drug plants themselves. 
This is pharmacognosy, and it is concerned with the history, commerce, 
collection, selection, identification; and preservation of crude drugs 
and raw materials. Pharmacology is the study of the action of drugs. 
Throughout the world several thousand plants have been and are still 
used for medicinal purposes. Many of these are known and utilized' 
only by savage peoples, or by herb doctors and dwellers in primitive 
places who are forced to depend on the native plants of the vicinity. 

The most valuable of the drugs and drug plants have been standardized 
as a result of the Pure Food and Drug Act cif 1906. These are referred to 
as official drugs. Descriptions and other information regarding them are 
available in many places. The most important of these sources are the 
"United States Pharmacopoeia," the "Homeopathic Pharmacopoeia," 
and the "National Formulary." These works are constantly revised and 
kept up to date. The "Standard Dispensatory" and the "National 
Displ;nsatory" are other good reference works for all branches of materia 
medica. Pharmacopoeias are also issued in most of the larger European 
countries. 

Comparatively few drug plants are cultivated. Most of the supply of 
drugs is obtair..8d from wild plants growing in all parts of the world, and 
especially in the tropics. These drug plants are collected and prepared 
in a crude way for shipment, and eventually reach the centers of the 
drug trade in this country and abroad. In some instances one country 
or anot.her has built up a monopoly of some particular drug. Japan, for 
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example, formerly controlled the output of- camphor, agar, and pyreth­
rum, \yhile the Dutch in .Java supplied nearly all the quinine that entered 
the world trade. The L~nited States is an important market for drug 
plants. From 1920 to 1930 the importation of crude drugs increased 140 
per cent. :Most of the processing of the crude material is carried on in 
the United States. In addition, several drugs are produced in this 
country, either from wild or cultivated sources. These include ginseng, 
goldenseal, cascara, digitalis, hemp, and wormseed. Still others, such as 
belladonna, henbane, and stramonium, -at e grown during period,; of 
shortages. 

The medicinal yalue of drug plants is due to the pl'esence in the plant 
tissues of some chemical substance or substances that produce a definite 
physiological action on the human body. The most important -of these 
substances are the alkaloids, ,comp"ollnds .of carbon, hydrogen, oxygen, 
and nitrogen. -Glucosides;, cssEmfial _eiils, ,fat!:}' ',oils," resins, -mucilages, 
tannins, and gums are all utilized.' Some ciftltese materials are powerful 
poisons, so that the preparation and':ad~11nistering of the drugs should be 
left entirely in the hands of skilled phar~acists and physicians. 

CLASSIFICATION OF- DRUG_S 

The classification of drugs and drug plants: is difficult- for there are 
many methods ofapj)l'oac:h:' The classification might beoobased on the 
chemical nature or the thei'apeutic "lilue of the plant product, the natural 
affinities of the various species, or the morphology of the plant organ 
from' \\'hich the drug is ~btained. For our purposes it seems' best to 
consider the more impurtant drug plants on a morphological basis. In 
addition to thc oneso discussed below,' many others are referred to else­
where in the book. In general, \\Oe find that the active principles are 
present in the storage org"ans of the plants,· particularly in roots and seeds, 
and to a lesser extent in lea,"es, bark, wood, or other parts of the plant. 
The total amount of the chemical substances present in any P!1rticular 
organ is so small that it is hard to ascribe any biological significance to it. 
There may be some slight. protective function, but probably these 
principles, which are so valuable to man iIi the treatment of disease, are 
merely waste products of the metabolism of the plant .. 

DRUGS OBTAINED FRO){ ROOTS AND OTHER UNDERGROUND PARTS 
/ 

Aconite. Aconite is obtained from the tuberous roots of the monks-
hood (Aconitum Napcllus). Although this familiar garden plant has long 
been known as a poison, its use in medicine is comparatively recent. The 
plant is a native of the Alps, Pyrenees, and other mountainous regions of 
Europe and Asia. It is widely cultivated in temperate countries both as 
an ornamental and as a drug plant. The commercial supply comes 
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chiefly from Europe. Formerly the leaves and flowering shoots were 
utilized, but at the present time only the roots are official. These are 
collected in the autumn and dried. Aconitine is the most important of 
the several alkaloids that are· present. Aconite is used externally for 
neuralgia and rheumatism, and internally to relieve fever and pain. 

Colchicum. Colchicum root is the dried corm of the meado\y saffron 
( Colchicum aut1l1nnale), a perennial tuli plike herb of Europe and· Northern 
Africa. The active principle is an alkaloid, colchicine, which is used in 
the treatment of rheumatism and gout. The fresh roots are also used to 
some extent, and the seeds as well. Colchicine is used in modern genetics 
to produce doubling of chromosomes. 

FIG. 124. -Ginseng roots (Panax Schinseng) 'from lI.Iancllliria .. 

Gentian. Gentiana lutea, a tall perennial herb. with conspicuous 
orange-yellow flowers, is the lOource of gentian root or bitterroot. The 
plant is v,ery common in the Alps and other mountains of Europe. The. 
rhizomes and roots are dug in the fall, sliced, and dried. They contain 
several glucosides, which are valuable as a tonic for they canbe used with 
iron salts .. 

_Goldenseal. Goldenseal (Hydrastis canadensis), formerly common in 
the rich woods of ~astern North.America, was a favorite remedy of the 
India"]s and the early settlers. The plant is now,cultivated in the Pacific 
Northwest and North Carolina for it has almost been exterminated as a 
wild plant by drug' collectors.- 'The roots'and rhizomes contain several 
alkaloids. Goldenseal. is used as a tonic and for ,the treatment or catarrh 
and other infla'lled mUCO].lS membranes. 

Ginseng. Ginseng (Fig. 124) is one of the most .important drugs in 
China, where it is considered to be a cure for a great variety of diseases. 
The, iiclC ginseng (Pana:r Schinseng) , a plant of Eastern .A~ia, \yas at 
first the only source of the drug. The demand has been so great, how~ 
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e\'er, that quantities of the American ginseng (P. quinquefoliwn) have 
been used in recent years. This plant of the eastern woodlands has been 
almost exterminated by collectors and it is nmy being cultintted. Some 
ginseng is used in the United States as a stimulant and stomachic. 

Ipecac. Small shrublike plants of the moist rich forests of Latin 
America are the source of this well-known drug. Several species are 
utilized, but the official material consists of the dried rhizome and roots 
of Cephaelis Ipecacuanha. The principal ingredient is emetin, a white, 
bitter, colorless alkaloid. Ipecac is m;ed chiefly as a diaphoretic, emetic, 
and expectorant. It is almost indispensable in the treatment of amoebic 
dysentery and pyorrhea. 

B 
FIG. 125. Three important crude drugs. A, cascara sagrada bark (Rhamnus FUfshiana); 
B, nux vomica seeds (Strychnos Nux-vomica); C, licorice roots (Glycyrrhiza olabra). 

Jalap. This resinous drug is obtained from the tuberous roots of 
E.Togoniu7n Purga, a twining, morning-glory-like vine of the rich wood­
lands of eastern Mexico. The plant is cultivated in 'Mexico, jamaica, 
and India. The roots are collected and dried over fires. Jalap is used 
as a purgative. 

Licorice. Licorice has been known from remote times. The licorice 
plant (Glycyrrhiza glabra.) is a perennial herb that grows wild in Southern 
Europe and 'Western and Central Asia. It is also cultivated in many 
places within this area. Spain is the largest producer of cultivated 
licorice root. The United States imports a large amount, chiefly from 
Asia :Minor, the U.S.S.R., and Turkey. The roots (Fig. 125, C) are dried 
in sheds for several months and are shipped in cylindrical pieces. Licorice 
is used in meclicine as a clemulcent and expe<:torant and to disguise the 
taste of nauseous preparations. :Most of the supply, however, is used as 
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a flavoring material in the tobacco and candy industries and in the 
manufacture of shoe polish. In recent years many other industrial uses 
have been found for _this plant. It furnishes a compound, glycyrrhizin, 
which is fifty times sweeter than sugar; a solution that is used for etching 
steel sections in photomicrographic work; and a substance from the 
waste root which foams readily and is used by brewers to give a head to 
beer. The fibers are utilized for. wallboard and boxboard, under the 
name "lVlaftex"; for insulating materials; and for the Jacquard cards 
used for controlling the designs in the weaving of tapestries and other 
figured materials. 

Podophyllum. The roots and rhizomes of the mandrake or IVlay 
apple (podophyllum pcltatum) yield the drug podophyllum, which has 
long been used by the country people of the eastern :United States as an 
emetic and cathartic. The plant occurs throughollt the Eastern states 
and Canada, but the commercial supply comes from tlie southern Appa­
lachians. Mandl'ake is cultivated to some extenL· The roots are col­
lected in the fall Ol~ spring and are cut into cylindric·al segments and care­
fully dried. They contain a resin, which is the source of the cathartic 
principles. Indian podophyllum, an allied drug; is obtained from 
Podophyllum Emodi, a Himalayan species. . 

Rhubarb.· Rheil1n officinale and R. palmalum; native shrubs of China 
and Tibet, are the~ources of the dl:Ug rhubarb. Tiwseplants look much 
like the garden rhubarb but grow to a greater size. They are extensively 
cultivated.in China. rhe rhizomes and roots are dug and cut into short 
pieces or slices. These are threaded. on a string and.dried in the sun or in 
kilns. Rhubarb is used as a tonic and laxative and for indigestion. 
Indian rhubarb, a possible substitute, comes from R. Emodi and allied 
species. 

Squills. A white variety of the sea onion or squills (Urginea maritima) 
is the source of this drug. The plant is a native of the sea coasts of the 
Mediterranean and is also cultivated to some eA"tent. The bulbs are dug 
up, and the outer scales removed. The fleshy inner scales are then 
sliced and dried. Several glue asides are present. The drug is used as an 
expectorant and stimulant. A red variety contains toxic substances as 
well .. md is used as a raticide. 

Senega. The senega snakeroot or milkwort (Polygala Senega), a small 
herbaceous perennial of Eastern North America, is the source of a 
glucosidal drug, which is obtained from the dried roots. Its common 
name is derive'l from the fact that the Senega or Seneca Indians used the 
plant as a cure for snake bites. Senega is used as an expectorant, emetic, 
and stimulant. 

Valt::ian. The dried rhizome and roots of the garden heliotrope 
{Faleriana o.tlicinalis) are the source of this drug. This plant, a native of 
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Eurasia, has long been cultivated in the United States as an ornamental 
species. The active principle is un essential oil "'hich is used to relieve 
nervous afilictions, such as pain, coughing, and hysteria. 

DRUGS OBT,\IKED FRO1\[ B,\HKS 

Cascara. This familiar drug, which ranks first among the drugs of 
1\ orth American origin, is obtained from the reddish-brown bark of the 
,,'estern buckthorn (Rhamnlls Pnrshiana), a tree of the northwestern 
United States and adjacent Canada. It. is occasionally culti,'ated. It 
was early used bjr the western Indians and by the pioneer Spanish 
settlers, who called it cascara sagrada, or sacred bark. For commercial 
purposes the bark (Fig. 125, A) is peeled off in long strips during the 
summer and dried on racks. It should be kept fOl: a year before use. 
Cascara is a tonic and laxative. 

Curare. Tl1l3 'Indians of Northern South America' have long used a 
variety of poisonous extracts prepared from various woody lianas as 
arrow poisons. The identification of the constitlient plant materials in 
curare has been difficult, as the sources vary in different places. Strych­
nos to;r~fcra, Clzondodcndron tomcntosmn, species of Abllta and COCCllllls, 
and other species of Strychnos are all utilized., New sources are continu­
ally being brought. to light. In making curare, portions of the bark, 
roots, stems, and tendrils are boiled down, the impurities skimmed off, 
and the residue filtered.' Catalyctic agents are added, and the whole 
mass is boiled to a syrup. This is exposed to the sun and dried to a 
paste, which is kept iIi tightly covered gourds or bamboo tubes. 

Curare causes progressive paralysis with eventual cardiac failure. The 
lethal effects are. due to se"c1'al alkaloids. One of these, curarine, has. 
now been made availahle to medicine for use in shock. therapy, as it 
is an ideal muscle relaxant. Curarine is also used for chronic spastic 
conditions, in sutgical operations and tetanus, and as a powerful sedative. 
/ Quinine. Quinine is one of the most important drugs known, and it 
has been a great boon to mankind, as it is the only adequate ~ure for 
malaria. Although atabrine and similar synthetic products are valuable, 
they only complemcnt quin~ne and are not substitutes for it. Quinine 
is obtained from the hard thick bark of several species of the genus 
Cinchona, handsome evergreen trees native to the Andes of South 
.. A.merica. C. Calisaya (Fig. 126), C. officina lis, C. Lcdgeriana, and C. 
sllccirubra have all been utilized. 

Cinchona bark was knOl\'n to the Indians. The first reputed use of the 
drug by white men was in 1638, ,\'hen, according to tradition, the Count­
ess of Cinch on, wife of the Viceroy of Peru, was curcd of malaria after all 
other remedies had failed. This often-quoted incident has recently been 
shown to be a myth. Be that as it may, the Jesuits were familiar with 
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the use of the bark and carried it with them all over the world. Soon 
Peruvian bark or Jesuit's bark was.in great demand. The supply at 
first seemed inexhaustible but rapidly diminished under the \vasteful 
methods of collection. The trees were cut down, and the bark stripped 
-off and dried in the open or over fires in huts. It soon became evident 
that attempts at cultivation must be made if this indispensable drug was 
to be available for future generations. Both the Dutch and the English· 

FIG. 126. Fruiting branches of Cinchona Calisaya. The bark-of this species is an impor­
tant source of quinine. (Photo by Walter H. Hodge.) 

sent collectors to South America, but the Andean natives guarded the 
remnants of the cinchona forests zealously. In spite of dangers and hard­
ships, however, a few seedlings and seeds were finally taken out of the 
country and became the basis of the great plantations of Java and India. 
Few tropical crops have been studied more intensively. All phases of 
cinchona production-breeding, culture, harvesting, and processing­
werp investigated, particularly in Java. The result was that event-ually 
the Dutch developed a virtual monopoly, producing 95 per cent of 
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the world's supply. The Indian output was used chiefly for home 
consumption. 

In recent years the amount of bark produced was regulated in order to 
keep prices up. Consequently, attempts were made as early as 1934 to 
establish a cinchona industry in the "Vestern Hemisphere. An experi­
mental plantation 'YaS started in Guatemalu, and by the outbreak of the 
Second "Vorld "Var, a considerable mass of data and a nursery of superior 

FIG. 12i. Typical aspect of the mature bark of Cinchona Calisaya, showing the cross 
fissuring. (Photo by Walter H. Hodae.) 

clones from all parts of the world were available. 'Vhen the supply of 
quinine ''las cut off by the loss of Java, the United States instituted an 
extensive program of cinchona procurement in Latin America, utilizing 
all available ,yild stands and developing new plantations as well. Several 
promising new sources were uncovered, among them Cinchona pitayensis, 
a particularly high-yielding species. Between 1942 and 1945 exports 
of cinchona and quinine from T~atin America increased from 207,000 to 
7,317,999 lb., ,'lith Ecuador and Peru the leading producers. Whether 
or not Latin America ''1ill eyer be able to compete successfully with the 
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Far East is open to question; at least from now on the 'Western Hemi­
sphere should never again be wholly dependent on the Eastern. 

Cinchona bark (Fig. 127) is remoyed from cultivated trees by uprooting 
them when about 12 yea,rs of a,ge and stripping off the bark from both 
roots a,nd stems or by cutting the trunks above ground a,nd stripping the 
felled portion. In the latter case, adventitious roots develop, and la,ter 
the bark is removed from these in long quills. By far the most impor­
tant constituent of cinchona bark is quinine, a ver~{bitter, white, granular 
substance. In addition to its use in the treatment of malaria, it is valu­
able as a tonic and antiseptic and in the treatment of fevers. Some 29 
other alkaloids have been isolated from the bark, including cinchonidine, 
cinchonine, and quinidine, all of ,yhich are usqful in medicine, as in 
totaquina, a standard mixture of all the a}kaloids. 

Slippery Elm. The inner bark of the slippery elm (Ulmus rubra), a 
large tree of Eastern North America, is the source of this nonpoisonous 
drug. The bark is removed in the spring and the outer layers are dis­
carded, while the inner portion is dried. Slippery elm bark has a very 
characteristic odor. It contains Il1ucilage and is used for its soothing 
effect on inflamed tissues, either in the crude state or in the form of 
lozenges. 

. ~. 

DRUGS OBTAINED FROM STEMS AND -WOODS 

Ephedrin9. Ephedrine is an alkaloid that is obtained from Ephedra 
sinica, E. equisctina, and other Asiatic species of the genus. These plants 
are low, dioecious,.leafless shrubs with slender green stems (Fig. 128). 
The entire ,Yoody plant is used for the extractio'n of the drug. Under the 
name" rna huang," ephedra has been-used in China for overtive thousand 
years. In the United States ephedrine has been used extensively in 
recent years in the treatment of colds, . asthma, and' hay fever and for 
other medicinal purposes. 

Guaiacum. Guaiacum or gum guaiac is a hard resin that exudes 
na,turally from the stems of the lignum vitae trees (Guaiacum officillalc 
and G. sanctum), previously discussed. It hardens as round, glassy, 
greenish-brown tears. It is also obtained from incisions, from the cut 
ends of logs, or from pieces of the wood. Gum guaiac is used as a stimu­
lant and laxative. It is also a good chemical indicator as it is very 
sensitive to oxygen. The lignum vitae trees are evergreens native to the 
West Indies and South America. 

Quassia. Quassia is obtained from two different sources. Jamaican 
quassia comes from Picrasma cxcelsa, a tall tree of Jamaica and other 
'West Indian islands, while Surinam quassia is the product of Quassia 
amara, which grows in tropical America as well as in the West Indies. 
The 13ttcr species is a valuable timber tree with a lust.rolls, yellowish-
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white, fine-grained wood. Quassia is shipped in the form of billets, and 
the drug is prepared by making an effusion of chips or shavings. It has 
a very bitter taste and is used as a tonic and in the treatment of dyspepsia 
and malaria. It also selTes as an insecticide. 

FIG. 128. Left and center. Ephedra cqllisctina, and right, E. sinica. These low leafless 
shrubs arc the source of the drug ephedrine. (Reprodllced by permission from YOllllgkcn, 
Textbook of Pharmacognosy, The Blakislon Company.) 

The medicinal use of balsams and other olc;)resinous exudations from 
trees has already been discussed in Chap. YII. 

DRUGS OBTAI':-<ED FRO)[ LEXVES 

Aloe. Several kinds of aloes are on the market. Barbados or Cura<;ao 
aloes come from Aloe barbadcnsis of the 'Vest Indies, Socotrine aloes from 
A. Perryi of East Africa, and Cape aloes from .:1. ferox of South Africa. 
Aloes are tropical plants with succulent leaves and showy flowers. They 
are frequently cultivated in greenhouses. The lea"es contain a resinous 
juice in ,,-hich there arc several glucosides. If the leaves are cut and 
placed in troughs, the juice slowly exudes and can be collected. It is 
evaporated in pans to a thick, viscous black mass, ,,-hich may be solidified. 
Aloes arc used chiefly as purgatives. 

Belladonna. This old and important drug is obtained from the dried 
leaves and tops, and to some extent the roots, of Atropa Belladonna (Fig. 



MEDICI.NAL PLL1N'l'S 253 

129). This plant is a coarse perennial herb, native to Central and 
Southern Europe and Asia Minor. It is extensively cultivated as a drug 
plant in the United States, Europe, and India. The leaves are collected 
during the flowering season and dried. They contain several alkaloids, 
chief among which are hyoscyamine and atropine. Belladonna is used 
externally to relieve pain and internally to check excessive perspiration, 

FIG. 129. The belladonna plant (Atropa Belladonna). The dried leaves and tops, and to 
some extent the roots, are the source of the drugs belladonna and atropine. 

coughs, etC. Atropine is used to dilate the pupil of the eye and for many 
other/~edicinal purposes. 
/ Cocaine. The leaves of the coca shrub (El'ythroxyloiL Coca), a native 

of Peru and Boli\7ia~-a;n-d- related species furnish this drug. The plant is 
extensively cultivated in South America, where the leaves are used as a 
masticatory, and also in Java, Ceylon, and Formosa. The leaves 
mature in about four years and can then be picked three or four times a 
year. They are carefully dried and shipped in bales. They have a bitter 
aromntic taste due to the presence of the alkaloid cocaine. It takes 100 
lb. of leaves to yield 1 lb. of the drug. Cocaine has been much used as a 
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local anesthetic. It is also employed as a tonic for the digestive and 
nervous systems, but as it is a habit-forming drug its use should be super­
vised by physicians. 

Buchu. This drug is obtained from the dried leaves of Barosma 
betulina, B. scrral1jolia, and B. cremilaia, shrubs of the hot dry mountain­
ous regions of South Africa. The active principle is an essential oil. 

FIG. 130. Foxgloyc plants (Digitalis p1lrpllrca). The important drug digitalis is obtained 
from the dried leaycs of this plant. (Co1lrtesy of Breck and Compan!J.) 

Buchu is used as a disinfectant and to stimulate excretion, and also in the 
treatment of indigestion and urinary disorders. 

Digitalis. This ch'ug, almost indispemmble in the treatment of heart 
disorders, is obtained from the dried leaves of the foxglove (Digitalis 
purpurea), a native of Southern and Central Europe. The plant is a 
beautiful herbaceous perennial (Fig. 130) ,yith tufted basal leaves and a 
single, erect, leafy stem ,yhich bears a spike of purplish flmyers. The 
foxglove is frequently grown for ornamental purposes, as well as for the 
drug. Fresh and full-grown lea,oes are carefully and quickly dried for 
use as the source of the drug. The medicinal properties of digitalis have 
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been known for a long time. The most active principle is a glucoside, 
digitoxin. Digitalis is a heart stimulant of the greatest importance 
because of its powerful action, and it is specific for some types of heart 
disease. It improves the tone and rhythm of the heart beats, making 
the contractions more pO\ycrful and complete. Consequently more blood 

FIG. 131. The blue gum (Eucalyptus globulusl, an Australian tree, is extensively planted 
in California. "The Joseph Arum Blue Gum," pictured here, was probably set out in the 
1860's. It is about 105 ft. talf and has a diameter of 95 in. at breast height. Oil of 
eucalyptus is obtained from the leaves of the blue gum. (Photo by U.S. Forest Service.) 

is s_mt out from the heart, thus aiding the circulation, improving the 
nutrition of the body, and hastening the elimination of ,,·aste. 

Eucalyptus. The scythe-shaped leaves of the older growth of the blue 
gum (Eucalyptus globultlS) contain aIi.--essential oil that is "widely used in 
medicine. The tree, which is one of the tallest knO\yn, reaching a height 
of from 200 to 300 ft., is a native of Australia. It is extensively cultivated 
in California (Fig. 131), Florida, and the Mediterranean region. It is 
comh!only supposed that eucalyptus trees aid" in ridding a country of 
malaria. Because of their great height and extensive root system it is 
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assumed that they must remove great quantities of water from the soil, 
thus tending to dry out mosquito-infested areas. Eucalyptus oil, 
obtained from dried leaves, is used chieHy in the treatment of nose and 
throat disorder,;, malaria, and other fevers. The oil is colorless or pale 
yellow, spicy, and pungent. 

Hamamelis. The common witch hazel (Hamamelis virginialla) , a 
shrub of Eastern ?\ mill An~erica, is the soui·ce of this product. The 
official source is the dried leaves and the commercial supply of these 
comes chiefly from the southern Appalachians. In Kew England, ho\\"­
ever, and elsewhere, the bark, twigs, and sometimes the entire plant are 
utilized. The active principle, a tannin, is extracted with \\·ater and 
steam and distilled. After 150 ec. of alcohol have been added to each 
850 cc. of the distillate, the familiar witch hazel or hamamelis extract is 
obtained. This is used as an astringent and to stop bleeding. 

Henbane. H yoscya1ll1lS niger, the source of henbane, is a coarse evil­
smelling herb, native to Europe and Asia, but occurring as a weed in 
many other parts of the world. Normally, the supply of the drug comes 
from Europe. During the shortages incident to the First and Second 
'Yorld 'Yars, the plant ,,·as cultivated in the United States. The leaves 
and flo\\"ering tops contain several poisonous alkaloids, among them 
hyoscyamine and scopolamine. Henbane is used as a sedative and 
hypnotic. Its action is similar to that of belladonna and stramonium, 
but less powerful. 

Hoarhound. The hoarhound (111 arrubiwn vulgare) is a native of 
Europe and Central Asia, but is thoroughly naturalized in America, where 
it is also cultivated. It is a small herbaceous perennial with white flowers 
in dense axillary whorls. The dried leaves and flowering tops are used. 
medicinally. Hoarhound is administered as an infusion or in the form 
of candy or lozenges. It is a favorite domestic remedy for breaking up 
colds, and is also used for rheumatism, dyspepsia, and other ailments. 

Lobelia. This drug is obtained from the dried leaves and tops .of wild 
or cultiyated plants of the Indian tobacco (Lobelia inflata) , a small 
annual with numerous blue flowers in leafy terminal racemes. The plant 
is a native of X mth America and is one of our comparatively few poison­
ous species. The active principles are alkaloidal in nature. Lobelia is 
used as an expectorant, antispasmodic, and emetic. It ,\"as. also used by 
the American Indians. 

Pennyroyal. Pennyroyal (Hedeoma plilegioides) is a small aromatic 
annual common in poor soil throughout the eastern United States. It 
contains an essential oil that has some use in internal medicine. Penny­
royal is often used as an ingredient of liniments because of its counter­
irritant action. Its chief use, hOl\"ever, is as an insect repellent. The oil 
is obtained commercially from the dried leaves and tops. 
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Senna. This ancient drug is obtained from the dried leaflets, and also 
the pods, of several species of Cassia, which are indigenous to the arid 
regions of Egypt and Arabia. Alexandrian senna comes from C. acuti­
folia and Indian or Tinnavelly senna from C. angustifolia. Wild plants 
of the first of these species are still used as a source of the drug in Egypt. 
Both of them are cultivated in India. The leaves are picked by the 
natives, dried in the sun, and baled. Senna is used as a purgative. 

Stramonium. The Jimson weed or thorn apple (Datura Stramonium), 
one of the most poisonous of plants, is the source of this drug. The plant 
is a native of Asia, but occurs as a weed in fields and \vaste places all over 
the world. It is a coarse, rank annual growing to a height of 4 ft. It is 
cultivated in the United States and Europe for the drug stramonium, 
which is extracted from the dried leaves and flowering tops. The active 
principles are alkaloids, including hyoscyamine, atropine, and scopol­
amine. This drug is used as a substitute for belladonna for relaxing the 
bronchial muscles in the treatment of asthma. In many parts of the 
world stramonium is used for its narcotic effects. 

Wormwood. The wormwood (Artemisia Absinthium), a penmnial 
species of Europe, Northern Africa, and Northern Asia, is the source of an 
essential oil obtained by steam distillation from the dried leaves and tops 
of the plant. The resulting greenish liquid is used to some extent in 
liniments, but it is no longer official. \V ormwood is extremely deleterious 
when taken in quantity. The chief use of the essential oil IS to flavor the 
liqueur known as absinthe, the use of which is forbidden in many countries. 
Absinthe contains other aromatics as well as wormwood. Some worm­
\vood is grown in Michigan and Oregon. 

DRUGS OBTAIKED FR01l1 FLOWERS 

Chamomile. Chamomile is an old-time remedy obtained from Jl[ atri­
caria Chamomilla. This daisylike plant, a native of Eui:asia, is cultivated 
in the United States and elsewhere. The dried flower heads contain an 
essential oil. Infusions of chamomile are used as tonics and gastric 
stimulants. The flower heads of the Russian or garden chamomile 
(Anthemis nobilis) are used for similar purposes, and also in' poultices for 
spndns, bruises, and rheumatism. 

Hops. The hop (Humulus Lupulus) is a native of the north temperate 
regions of both hemispheres. The plant was known to the Romans and 
has been grown in some parts of Europe since the ninth century. At the 
present time bops are extensively cultivated in the United States, Europe, 
Australia, anci South America. The plant is a climbing herb with peren­
nial roots. These send up annually several rough, ,,;eak, angular stems 
with. deeply lobed lea\'es and dioecious flowers. The female flowers are 
produced in scaly, conelike catkins, which are coyered \"ith glandular 
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hairs. These inflorescences contain resin and various bitter, aromatic, 
and narcotic principles, chief of "'hich is lupulin. In cultivation the hop 
plants are trained on poles (Fig. 132) or trellises. Hops are harvested in 
the early fall. The catkins are carefully. picked and dried in kilns at a 
temperature of 70°F. or less. They are treated with sulphur and baled 
for shipment. Hops are used in medicine for their sedative and soporific 
properties, and also as a tonic. Sometimes they are used in poultices. 
Their principal use, however, is in the brewing industry. They are 
added to beer to prc"cnt baderial action and consequent decomposition, 

FIG. 132. Growing hops (Humulus LuplIllls) on poles in Canterbury, England. 

and also to improve the flavor and impart the characteristic bitter taste 
to the beverage. 

Santonin. The dried unopened flower heads of the Levant "'ormseed 
(.:lrtemisia Gina) contain a valuable drug known as santonin. The plant 
is a small semishrubby perennial of "Western Asia. The present· supply 
of the drug comes chiefly from Turkestan, although this species is now 
being grown in the Pacific J'\ orthwest. Formerly the crude drug was 
shipped, but now the santonin is extractcd and exported. This drug is 
one of the best remedies for intestinal worms, and has been used for this 
purpose for centuries. It "was introduced into Europe by the Crusaders. 

DRuGS OBTAINED FRo;\! FRUITS AXD SEEDS 

Chaulmoogra Oil. For centuries leprosy has been one of the most 
dreaded diseases of mankind and it was long thought to be incurable. It 
was known, however, that the natives of Burma and other parts of South­
eastern Asia llsed the seeds and oil obtained from the chaulmoogra tree 
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(Hydnocarpus K1/TZii) and related species in the treatment of skin dis­
eases. These tall trees of the dense jungles have velvety fruits (Fig. 133) 
with several large seeds, which contain a fatty oil with a characteristic 
odor and acrid taste. The expressed oil is a brownish-yellow liquid or 
soft solid. Experiments carried on at the University of Hawaii utilized 
this oil in the development of a successful treatment for leprosy. The 
crude oil proved unsatisfactory and, moreover, the treatment was very 
painful. The use of certain acids present in the oil, or of the ethyl esters 

Fla. 133. A fruiting branch of the chaulmoogm tree (Hydnocarpus Kurzii). Chaul­
moogra oil, which is obtained from the seeds, is used in the treatment of leprosy. 

of these acids, was productive of the desired results, and leprosy can now 
be cured. 

Colocynth. The dried spongy pulp of the· bitter apple (Citrullus 
Colocynthis) is the source of the glucosidal drug colocynth. The plant is 
a perennial vine native to the warmer parts of Asia and Africa. It is now 
widely distributed, and is cultivated in the :Mediterranean region. The 
fruits resemble oranges in appearance. The rind is removed and the 
white bitter pulp is dried and shipped in balls. Colocynth serves as a 
powerful purgative. 

Cubebs. Cubebs are the dried unripe fruits of Piper C1/beba, a climbing 
vine of eastern India and Malaya. It is cultivated in .Java, Thailand, 
Ceylon, and the West Indies. The berries resemble black pepper, but 
are stalked. They have a warm, bitter aromatic taste and a strong odor, 
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due to the presenee of an oleoresin. Cubebs are used in the treatment of 
catarrh, often in the form of cigarettes, and as a kidney stimulant. They 
were formerly used as a spice or condiment. 

Croton Oil. Croton oil is a fatty oil obtained from the dried ripe seeds 
of Croton Tiglilllll, a shrub or small tree of Southeastern Asia. It is 
cultivated in India and Ceylon. Croton oil is a yellowish-brown liquid 
with a burning taste and nauseous odor. It is one of the most powerful 
purgatives known. The flowers and crushed leaves are used in India to 
poison fishes. 

Nux Vomica. This valuable drug is obtained from the seeds of Strych­
nos lVu:c-1Jomica, a tree native to Ceylon, India, Cochin China, and 
Australia. The large fruits contain from three to five grayish seeds (Fig. 
125, B) which are yery hard and bitter. Ripe seeds contain two impor­
tant alkaloids, strychnine and bucine. Xux vomica is used as a tonic and 
stimulant; strychnine is utilized in the treatment of nel'YOUS disorders 
and paralysis, always in small doses, for it is a virulent poison. The use 
of this drug dates back to the sixteenth century. 

Opium. Opium, one of the most helpful, and at the same time vicious, 
(h'ugs, is the dried juice or latex obtained from the unripe capsules of the 
opium poppy (PapG1!cr sonmiferwn). This poppy is -an annual herb with 
large showy white flowers. A nati"e of 'Vest ern Asia, it now occurs in 
most countries as a weed. I t is cultivated extensively in India, China 
(Fig. 141) Asia ::.\1inor, the Balkans, and elsC\yhere. Shortly after the 
petals fall the capsules are incised with a knife, and the white latex exudes 
and soon hardens in the air. It is scraped off and shaped into balls or 
cakes, which are often wrapped in the poppy petals. Crude opium is a 
brO\mish material containing as many as 25 alkaloids, the most impor­
tant and most pO"'erful of which are morphine and codeine. Because of 
their narcotic and sedati"e action opium and its derivatives are used to 
relieve pain, induce sleep, and relax spasms. They should never be 
administered except under a physician's direction. Because of the 
flagrant misuse of the drug and its deleterious effects physically, mentally, 
and morally, the opium trade is very carefully supen·ised and restricted. 

Psyllium. The drug knO\yn as psyllium has changed from a position 
of obscurity to one of the foremost importance comparatively recently. 
Although used locally in Europe for some time, it was slo\\' in entering 
,yorld trade. Commercial psyllium is the seed of several of the flea'YOlis, 
European and Asiatic species of plantain, which are cultivated in France, 
Spain, and India. French psyllium comes from Plantago indica, Spanish 
psyllium from P. Psyllium, and blonde psyllium, the Indian product, from 
P. Ol'ata. Two crops are raised each year with a yield of 7000 to 8000 lb. 
per acre. Psyllium seed contains a tasteless mucilaginous substance 
which acts as a mild laxative and is comparable to agar and mineral oil 
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for use in chronic constipation. 'Yhen extracted, the mucilage can be 
used us a cosmetic and in stiffening fubrics. 

Strophanthus. The dried, greenish, ripe seeds of Strophantl!1ls Kombe 
and S. hispidus, woody climbers of the Afric:m forests, are the source of 
the drug strophanthus, which is used as a heart stimulant. It has a 
direct and powerful action. The active principles include the glucoside 
strophanthin and several alkaloids. Recently another glucoside, sar­
mentogenin, has been isolated from another species of Stroplianth1ls, prob­
ably S. sarmentoSlls. This substance can be transformed into cortisone, 
the rare and expensive drug which holds much promise for the successful 
treatment of arthritis, rheumatic fever, and various heart disorders. 

Wormseed. The American wormseed (Chenopodium ambrosioides var. 
anthel1llintic1m~) is a native of the West Indies and Central and South 
America. It is naturalized in the United States, occurring as a weed in 
waste places. \Y ormseed has also been cultivated in many areas, and it 
is now extensively grown in Carroll County, :Maryland, for its essential 
oil. This oil is obtained by distillation from the fruits and is used in the 
treatment of hookworm infections. 

DRUGS OBTAINED FRO"I THE LOWER PLANTS 

Antibiotics 

Antibiotics are substances produced primarily by celiain harmless 
microorganisms that are injurious to the growth and activity of various 
pathogenic bacteria. Although known to occur previously, antibiotics 
were not considered of importance until 1939. Since then, extensive 
investigations have been carried on, and a considerable number have 
been isolated and their therapeutic action studied. :Molds, actino­
mycetes, and bacteria are the chief sources, although antibiotics are also 
present in higher plants. 

Penicillin. Penicillin is the best known antibiotic. It was dis­
covered by chance in 1929. Reexamined in 1937, it shortly proved to be 
extremely valuable in combating staphylococcus, streptococcus, and gas 
gangrene infections. It is obtained chiefly from Penieillium notatwn, a 
blue-green mold occurring in floccose masses with a white margin. \Vhen 
grown on gelatin, the mycelium excretes penicillin into the substratum, 
which become!> liquid. The· crude penicillin is recovered, purified, and 
dehydrated. It is an organic acid and readily forms salts· and esters. 
Superior strain:,; which yield greater quantities of the drug have been 
developed. Other species of Penicillium, especially P. ehrysogon1l1n, also 
furnish the antibiotic. Penicillin is highly selective in its action and is 
effective against gram-positive bacteria. It is valuable because of its 
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lack of toxicity; it is particularly useful in the tre(1tment of bacterial 
endocarditis, mastoiditis, gonorrhea, local infections, and certain types 
of pneumonia. 

Streptomycin. This antibiotic comes from StrcptolllYccs grisclls, iso­
lated in 19-14 after testing soils from all oyer the world. The organism is 
one of the actinomycetes and is grown in deep submerged cultures. 
Streptomycin is particularly· effective against gram-negative bacteria and 
is used in the treatment of tularemia, empyema, urinary and local infec­
tions, and some forms of tuberculosis, meningitis, peritonitis, and 
pneumonia. 

Aureomycin. Aureomycin is produced by Streptomyces atlreojaciens, 
which was isolated in 1948 from ordinary soils. It is more versatile than 
penicillin or streptomycin, attacking not only gram-positive and gram­
negative bacteria, but also the Rickettsiae, which had previously been 
immune to chemical attack. It is used to combat forms of virus pneu­
monia, undulant fever, osteomyelitis, whooping cough, and eye infections 
and in cases where a patient has developed a resistance to the other anti­
biotics or to sulphur drugs. Recently, aureomycin has been found to be 
one of the greatest growth-producing substances yet to be discovered. 

Chloromycetin. This antibiotic is a pure crystalline substance pro­
duced by Streptomyces venezllClae, \\'hich \YaS isolated in 1948 after a 
search involving the study of thousands of soil samples from all over the 
\\·orld. It is the only antibiotic which has also been produced syntheti­
cally. Chloromycetin, like aureomycin, is effective against the Rick­
ettsiae. It is useful in the treatment of undulant fever, bacillary urinary 
infections, primary atypical pneumonia, typhoid fever, typhus fever, 
scrub typhus, parrot fever, and Rocky :Mountain spotted feyer. 

Terramycin. This recently discoyered antibiotic is secreted by Strep­
tomyces rimosus, isolated from a piece of Indiana dirt after an exhaustive 
search invo\ving scores of thousands of soil samples. It is valuable in 
treating common forms of pneumonia, typhoid fever, streptocoqcic and 
many intestinal- and urinary-tract infections. It is effective against 
gram-positive and gram-negatiye bacteria, R1'ckettsiae, and large viruses. 
Although little different in its therapeutic action from the other anti­
biotics, it will be valuable as an extra weapon of defense. 

Neomycin. An organism resembling Streptomyces Fradiae, isolated 
from soil in 1949, is the source of neomycin. This antibiotic has a com­
plex composition and a wide range of experimental uses. It may prove 
to be most effective in the treatment of tubei·culosis. 

Other Antibiotics. :Many antibiotics are known to be produced by 
bacteria. Of these, gramicidin and tyrothricin from Bacillus brevis, 
bacitracin and subtilin from Bacillus sllbtilis, and polymixin from Bacillus 
7wl!/mi:ra· seem to have the best therapeutic possibilities. 
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Agar 

Agar is an almost pure mucilage obtained from various species of red 
algae. Prior to the Second 'World War, Japan had a virtual world 
monopoly of this product, utilizing Gelidewn corneum, Eucheuma spi­
nosurn, Gracilaria lichenoides, and other species found off the eastern 
coast of Asia. Some agar has been produced in the United States since 
1919. During the Second 'World '\Val', however, production was greatly 
expanded until a peak of 165,954 lb. was reached in one year. The 
principal species used were Gelidi1l1n cartilagineurn on the Pacific Coast 
and Gracilaria confervoides on the Atlantic Coast. Agar industries have 
also been developed in the U.S.S.R., Australia, South Africa, and other 
countries. The algae are collected, bleached, and dried, and the_mucilag­
inous material is extracted with water. Agar reaches the market in 
flakes, granules, or strips which are brittle "'hen dry but become tough 
and resistant when moist. 

The medicinal value of agar lies in its absorptive and lubricating 
action. It is often used in a granular condition to prevent constipation. 
Perhaps its greatest use is as a culture medium for bacteria and other 
fungi. In dentistry it is valuable for making impressions for plates and 
molds. The cosmetic, paper, silk, and other industries find it of ,'alue, 
and it is also extensively used as a food. 

Ergot 

Ergot is the dried fruiting body of a fungus, Claviceps purpurea, which 
is parasitic on rye and othe~' grass~s. The disease attacks the young 
fruit, and when mature, a purplish structure, the sclerotium, replaces the 
grain. Commercial ergot comes chiefly from Europe, where it is picked 
from the rye plants by hand or after the rye has been threshed by special 
machinery .. Considerable ergot is now being produced in Minnesota. 
"\Vheat ergot is equally good as a drug, but it is not official. Ergot is used 
chiefly to increase the blood pressure, particularly in cases of hemor­
rhages following childbirth and other uterine disturbances. 

Kelp 

In Japan and several northCl:n European countries various of the larger 
brown algae have been used as a source of iodine, potash, and other salts. 
More recently a considerable industry has been built up on the west 
coast of the United States for the extraction of iodine and potash from 
the giant kelps of the Pacific, 'particularly ilIacrocystis pyrifera. During 
the Second World War these kelps were also used as a source of acetone 
and k:~lp char, a bleaching carbon. Some attention has been given to the 
medicinal value of these seaweeds. Several products are on the market 
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which make available the surprising wealth of mineral salts and vitamins 
\yhich these plants contain. 

Other kolps, chiefly Lalllinaria (Hgitata and L. saccharina of the Atlantic 
and N crcocystis Luctkcana of the Pacific, ha\'o beon exploited as a source 
of algin, a .... aluable colloid extensiyely used in the drug, food, and other 
industries. From 2,000,000 to 3,000,000 lb. [>, year are produced. Algin 
or its salt, sodium alginate, is u:ied as a suspending agent in compounding 
drugs; in lotions, emulsions, and hand pomades; as a sizing for paper and 
textilef'; and in icc cream. 

Lycopodium 

The infinitely small and almost impalpable spores of Lycopodium 
clamillm and other club mosses contain about 50 per cent fixed oils and so 
are but little affected by water. They are much used as a covering for 
pills, as a diluent for insufflations, and as a dusting powder for abraded 
surfaces. In industry they are utilized in making pattern molds and, 
because of their inflammability, in flares, fireworks, and tracer bullets. 
Formerly obtained chiefly from Europe, a considerable amount of Lyco­
podium is now being produced in Maine. 

Male Fern 

The rhizomes and stalks of the male fern (Dryoptcris FiUx-mas) of 
Eurasia and N ort h ,America and the marginal shield fern (Dryoptcris 
margillalis) of Eastern North America yield the ch'ug known as male fern 
or aspidium. This is an oleoresinous substance that has boen used for 
centuries for expelling tape,,·orms. The commercial supply usually 
comes from Europe. 

INSECTICIDES AND RATICIDES 

Plants have been used to combat insects, rats, and other vermin for 
many years in various parts of the world. Over 1200 species have been 
recorded as insecticides. Some 250 have been utilized for this purpose in 
the United States, but only 5 per cent of these are of any commercial 
value. Nicotine, obtained from tobacco, has long been familiar. In 
more recent years other botanical insecticides have increased greatly in 
importance, particularly in the United States, and this country is today 
the leading market of the world for these products. Pyrethrum or insect 
flowers, ,yhich yield pyrethrum, and derris and cube, which contain 
rotenone, are in greatest demand. Promising ne,,' sources, however, are 
continually being discovered. Red squill is the principal raticide. 

Pyrethrum 

Three principal sources of pyrethrum are ],p('ognizccl in the United 
States: Dalmatian insect flower::; from Chrysallthcm um cincrariacfoliwn, 
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Persian insect flowers from C. coccine1l1n, and Caucasian' insect flowers 
from C. J.llarsha llii. The first of these is by far the most important. C. 
cinerariaefoliwn is a slender, glaucous, pubescent perennial 18 to 30 in. in 
height with pinnate leaves and small daisylike flowers. It is a native of 
Dalmatia in Jugoslavia, where it has been cultivated for many years. 
Prior to the Second ,V orld ,Var, Japan was the leading producer of 
pyrethrum flowers, and they constituted one of that' country's most valu­
able exports. Great care was exercised in gathering, drying, and packing 
the crop. At the present time this species is being cultivated in Cali­
fornia and other parts of the United States, British East Africa, Italy, 
Australia, Brazil, Peru, and Ecuador .. 

Pyrethrum is noninflammable, nonpoisonous and leaves no oily residue. 
During the last war the army found it highly. effective against flies, fleas, 
body lice, and yellow fever and mahi,rial mosquitoes. Pyrethrum bombs 
were standard equipment in malaria-infested areas:, They contained the 
insecticide in a solvent under a pressure of 90 lb. per sq. in. A mechanical 
release allowed the. vapor to escape through a valve like a fog. A 3-sec. 
application permanently paralyzed all insects. Pyrethrum ointment is 
used in the treatment of scabies. 

Rotenone 

The poisonous properties of rotenone-containing plants have been 
appreciated by native peoples for centuries. The use of these unimpres­
sive climbers and creepers of the Lcg1l1ninosae as fish poisons 1YaS noted 
by De Rochefort in 1665 and Aublet in 1775. Derris was in commercial 
use in the United States as early as 1911, but with variable and uncertain 
results. l\'Iany years of research resulted in standardizing the product 
and made possible an astonishing increase in its use. Even in 1930 there 
was almost no trade, but by 1940 the United States alone imported 
6,500,000 lb. 

Rotenone, a colorless crystalline compound, and related substances 
occur as solids in the dried roots. The content may be as high as 12 per 
cent. Rotenone is fifteen times more texic than nicotine and twenty-five 
more than potassium ferrocyanide. It has little or no effect on humans 
or otller warm-blooded animals. There are two principal sources: species 
of Derris in the Far East and of Lonchocarpus in Latin America. 

Derris. Derris or tuba roots (Fig. 134) have long been used by the 
natives of Malaya and Borneo for fish and arrow poisons. The various 
species of Der;is are climbing vines characteristic of the jungle under­
growth from India to Indonesia and the Philippines. The plants have a 
short trunk, 3 or 4 ft. in height and 4 in. in diameter, with numerous long 
branches that climb over the veget::1tion. The two most important 
specief-l are D. elliptica and D. trifoliata. Derris may be propagated by 
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cuttings, and it is cultivated in some regions. It is now a commercial 
crop in Guatemala and Ecuador, where it grows well at low altitudes in 
deep, well-drained, fertile soib. The dust made from ground roots has 
marked insecticidal properties but is nonpoisonous to man, at least when 
taken through the mouth. The active ingredients, rotenone and a resin, 
may be extracted and used directly or in the form of a soap. 

FIG. 134. Derris roots (Derris elliptical. Derris has marked insecticidal properties. due 
to the presence of an active ingredient known as rotenone. (Courtesy of H. TV. YOllllgken 
and the American Journal of pjwrlllacy.) ~ 

Lonchocarpus. The roots of several species of Lonchocarpus, chiefly 
L. Urucu in Brazil, L. lltilis in Peru, and L. NiCOll in Guiana, constitute an 
important source of rotenone. These plants, known variously as cube, 
timbo, and barbasco, are used by the natives as fish poisons. At first 
they are bushlike but later resemble vines and climb tall trees. They 
thrive in the tropical forests at low altitudes where there is an SO-in. rain­
fall and well-drained soil. When the plants are two or three years old, 
the tops are cut away and the roots are dug up, dried, bundled, and 
exported for prncessing. They are ground into a powder and mixed with 
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talc or clay for dusting or 'with a liquid for spraying. Cube contains more 
rotenone than does derris and, like the latter, is an ideal insecticide for 
crop plants, as there is no residue. Lonchocarpus is easily propagated by 
stem cuttings, and there are now many small commercial plantations, 
although most of the supply still comes from wild plants. Cube first 
entered world trade in 1934. In 1946, the United States imported 
11,000,000 lb., chiefly from Peru and Brazil. 

Red Squill 

Red squill is obtained from the bulbs of the red variety of Urginea 
maritima, a native :Mediterranean species which is cultivated in Algeria. 
Used as a raticide from ancient times, red squill has come into prominence 
within the last 20 years as a result of more active rat-control measures. 
The toxic substance, a glucoside, has little effect on other animals. In 
1947, 628,000 lb. were imported. 



CHAPTER XII 

FUMITORIES AND MASTICATORIES 

In all ages and in all countries human beings IW"e smoked or chewed 
various substances for pleasure, for some physiological effect, in connec­
t.ion wit.h t.heir religious ceremonies, or in an attempt t.o seek" some flight 
from reality," as 1\ orman Taylor puts it. Some of these substances, such 
as spruce gum and chmving gum, are perfectly harmless, and are chewed 
merely because of their pleasant t.aste. The only benefit to be derived is 
possibly a psychological one brought. about by t.he mechanical act 
invoh·ed. 

The majorit.y of t.he materials that are chewed or smoked, however, 
have a distinct. st.imulating or m'en narcotic effect, due to t.he presence of 
various alkaloids. Tobacco, betel, and cola are the least harmful of these 
drugs. At best they act only as mild st.imulants and produce no effects 
on the consciousness of the user. Possibly the combustion products of 
tobacco, formed during smoking, are more harmful and may cause 
deleterious effects. It is a different matter, however, when we consider 
the great rivals of tobacco-coca, opium, and cannabis. These true 
narcotics contain alkaloids that are detrimental even in small amounts. 
When used in quantity, they may lead the addict to the lowest depths of 
depra"ity and degradation and cause stupor, coma, conyulsions, and even 
death. The drug habit, brought on by the continued use of these narcotic 
plant products and their deri"atiYes, is such a serious problem socially, as 
"'ell as physiologically, that it is indeed fortunate that th~ sources of such 
drugs are relati"ely fe\\' in number. 

TOBACCO 

Tobacco is an important commodity the world over. It is used in one 
form or another by both ci"ilized and unci\'ilized peoples. The tobacco 
plant. is a natiye of tropical America. The original ,yild ancestor is not 
known for tobacco is ,-ery old and has been under cultivation for centuries. 
The use of tobacco originated \.-ith the Indians in connection with their 
religious rites. The plant had spread over North America before the 
coming of the ,yhite man. Columbus was the first to note the use of 
tobacco by the Indians. The plant was introduced into Europe in 1556 
and at first was grown only for its ornamental and medicinal yalue. Jean 
Xicot, for ,,,hom the plant was named Nicotialla, was chiefly responsible 
for its exploitation in France. From there it rapidly spread over the rest 
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of Europe, and to Africa, Asia, and Australia as well. The practice of 
smoking was not very general in Europe until 1586, but from that time on 
its popularity increased in spite of the opposition of the clergy and the 
governments, who almost taxed tobacco out of existence. 

The narcotic and soothing properties of tobacco are due to the presence 
of the alkaloid nicotine. This active principle is extracted by the mucous 
membranes of the nose and throat. The aroma and flavor are caused by 
essential oils and other aromatic substances developed during the curing 
and fermentation process. 

Kinds of Tobacco 

Some 50 species of tobacco are known,· but only two of these are of 
commercial importance. Nicotiana Tabacwl1 is the source of most of the 

FIG. 135. A tobacco plant (Nicotiana Tabac1t1ll) in flower. 

tobacco in usc at the present time. This was the native tobacco of the 
West Indies and most of Central and South America. Although origi­
nally l;t tropical species, the plant has }?ecome adapted to cultivation in 
both subtropical and temperate regions, and it is now grown whereyer 
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thc climate permits. Over 100 horticultural yaricties are known. 
Tobacco is a handsome unbranched annual, growing to a height of 3 to 6 
ft., with large oyal leaHs that are usually sessile with clasping bases. 
The branching inflorescencc (Fig. 135) bears pink flowcrs. The fruit is 
a capsulc "'ith numcrous Ycry small seeds. The leaves and stems are 
cm-ered with glandular hairs, which secrete a rcsinous fluid and are very 
sticky to the touch. 

Nicotiana 1"lIstica is a smaller hardier plant with yellow flowers. It 
probably originated in ?dexico and still grows wild in parts of Korth 
America. This species 'was cultivatcd and smoked by all the eastern 
Indians before the coming of the \\"hite man. It \\"as the first tobacco to 
be grown in 'Yirginia, but ,\"as soon replaced by N. Tabacmn. It is, 
ho\\"e,-er, still grown to some extcnt in parts of Central Europe, K orthern 
Asia, and the East Indies. This tobacco is used for insecticidal purposes 
as well as for human consumption. 

Cultivation of Tobacco 

Tobacco is a highly specialized, costly, and temperamental crop. The 
seyeral types differ in their cultural requirements as to temperature, 

FIG. 136. Tobacco growing in the Connecticut valloy, ..\Iassachusetts. (Courtesy of the 
Agronomy Department, University of Jfassachllsctts.) 

moisture, sunlight, soil, fertilizers, etc., and also in the methods of 
harvesting, curing, and handling. Tobacco seeds are so small that it 
takes 400,000 to make an ounce. They are planted in seed beds, and the 
seedlings are transplanted when they are 4 to G in. high. The best soil 
is a light sandy loam, rich in humus, and well fertilized with potash, lime, 
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and other essential elements. Considerable cultivation of the fields (Fig. 
136), both before and after transplanting, is necessary. Cigar-wrapper 
tobacco is often grmrn under shade, thus insuring a more uniform environ­
ment and product. After the plants get a good start, the terminal bud is 
removed, an operation known as topping, in order to keep the strength in 
the leaves. Often inferior leaves and suckers arc also taken off. 'Vhen 
fully ripe, as indicated by a change in the color of the leaves, either the 
entire plant is cut off or the lea,'es alone are harvested, one by one, as they 
mature. This latter method is called pruning and is virtually restricted 
to flue-cured and shade-grm\!n cigar-wrapper tobacco. 

Curing of Tobacco 

Freshly harvested plants or leaves are allowed to wilt and then are 
suspended in an inverted position from a framework in specially con-

structed curing barns. 
curing and flue-curing, 
minor importance. 

There are two principal methods of curing: air­
and two others, fire-curing' and sun-cur"ing, of 

Air-curing is a slow process carried on under virtually natural condi­
tions in well-ventilated barns (Fig. 137) in which the temperature and 
humidity can be carefully controlled. Artificial heat is resorted to only 
in unfavorable ,yeathel'. Fl1tc-wring, a much quicker process, is carried 
on in small b::rns, and artificial heat is supplied through flues from a small 
furnace. Flue-enred tobacco develops a characteristic bright-yellow 
color. It is a comparatively new method. . In firc-curing the leaves are 
dried over fires of charcoal or hardwood. They are virtually smoked 
\yitl10ut mueh increase in temperature, and during the process they 
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develop a creosotelike odor. ,This is the oldest method of curing and was 
practiced by the Indians. SUII-curing, carried on in the open, is,almost 
never utilized in the l~nited States at the present time. It is an old 
method and is still used for Turkish and oriental tobaccos. 

Curing is essentially an oxidation process or dry fermentation, during 
which the leaves lose most. of their water and green color and _become 
tougher. Certain changes in chemical composition also take place, which 
are essential for the dcyelopment of the desired quality. Curing usually 
takes fl'om three to six months. Freshly cured leaves must be sorted, 
fermented or "sweated;" and aged before manufacturing. This is. usually 
carried on in the warehol).ses after the lea\'es have been graded. They are 
either piled up in large heaps 01' pressed into special containers. The 
process may take from six months to ·three years, during which time the 
aroma and odor are developed, harshness, bitterness, and other undesir­
able qualities are eliminated, and the color and burning qualities are 
improved. 

Grades of Tobacco 

The proper grading of tobacco is a yery specialized task and can be done 
only by experts. A single crop may yield as many as 50 different grades. 
The Department of Agriculture recognizes classcs, based on the method 
of curing and, in the case of' cigar tobacco, On the use; types, ,usually 
designated by the regions in which they are produced; and grades, based 
on use, texture, color, quality, and other characteristics. There are 
seven classes as follmys: 

Class 1. Flue-cured. This so-called bright tobacco is used for ciga­
rettes, pipe and chewing tobacco and constitutes 75 per, cent of the 
tobacco exported. 

Class 2. Fire-cured. This is used for export, snuff, and plug wrappers. 
Class 3. Air-cured. 
a. Light. Two types of light air-cured tobacco are grown, the Burley, 

used for cigarettes, pipe and chewing tobacco, and the Maryland med for 
cigarettes and export. ' 

b. Dark. This is usedJor chC\\-ing and plug, tobacco, export, and snuff. 
Class 4. Cigar Filler. 
Class 5. Cigar Binder. 
Class 6. Cigar Wrapper. 
Class 7. Miscellaneous. Among the miscellaneous tobaccos is perique, 

grown only in St. .James Parish, Louisiana, and an ingredient of many 
mixtures of smoking tobaccos. 

Utilization of Tobacco 

The cured and aged tobacco leaf.is manufactured into various forms for 
usc by the consumer, either as snuff, chewing tobacco, or smoking 
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tobacco, all three of which were used by:tllC Indians, or as cigars or 
cigarettes, which are later dm'e!opments. Throughout all the phases of 
manufacturing, particularly in the case· of cigarettes, it is necessary to 
maintain the proper moisture content. This is' done by adding various 
hygroscopic agents, such as glycerin. These are known as "humectants." 

A great variety of flavoring and conditioning materials are also used iri 
making chewing and' smoking tobacco. These affect the taste and smok­
ing qualities. They are utilized as a "sauce;" in which the leaves are 
immersed, or as a "spray." Among them· may be mentioned licodce 
paste, sugar, honey, molasses, rum, and tonka beans. Deer's tongue; 'an 
old-time flavoring, consisting of the powdered leaves of Trilisa odoratis­
sima, the wild vanilla of the southeastern United States, is still in us'e: 
As in the case of tonka beans, ·the fla\ror is due to the presence of coumarin. 

Blending, the use of different grades of leaf, is aJso an impoi·tarit feature 
. of tobacco manufacture. Perique and Latakia, imported from Syria, are 
common ingredients. 

Sn1ljJis made by grinding up dark air- arid fire-cured leaves to a powder. 
The poorer grades and .waste are .often utilized. Although snuff was in 
use before. the time of Columbus, it has never been of great importance. 

Chewing tobacco is prepared from Burley, dark air-cured, and flue-cured 
tobacco. It requires leaves that are rich in flavor, tough, gummy, and 
highly absorptive to the various flavoring materials that are added.·. It 
was.an early development of the industry, reaching its maximum produc~ 
tion in th(3 early 1900's. N RVy plug is very sweet and thick and consists, 
of a filler with a wrapper. . 

Smoking tobacco is made from heavily s'auced blends of Burley, flue­
cured, and miscellaneous tobaccos or from mildly flavored straight 
Burley. Granulated tobacco, the oldest type, is blended, whereas ,the 
plug cuts, which lack wrappers, consist of Burley. 

Cigars are older than cigarettes and had reached their maximum con­
sumption by 1930. Formerly made by hand, .they are now, machine­
made, save for ·the very finest. Three grades of tobacco are utilized: 
fillers, binders, and wrappers, all of which are air:-:cured. Tobacco for 
fillers must have a sweet pleasant flavor and burn evenly w'ith a firm white 
ash. For wrappers leaves are required that are free from flavor, thin 
and elastic, with small veins, and uniform in color. The individual 
leaves are picked. 

Cigarettes require light-colored leaves that lack gummy substances and 
have been either air- or flue-cured. The most spectacular phase of the 
tobacco industry has been the amazing development of the cigarette. 
This has been due primarily to the perfection of the modern efficient 
cigarette machine and to the· use of blended tobaccos. The first. cigar­
ettes ,,'ere made from' straight Virginia, flue-cured, or Burley tobacco .. 
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As recently as 1880 only a few were made, chiefly Richmond Straight 
Cut" and Sweet Capomls. These were consumed almost entirely in the 
East, for manufactured cigarettes made slow progress in the 'Yestern 
states. In 1894, the Egyptian cigarette made from oriental tobaccos 
appeared and slowly made headway, even though it was expensive. In 
1913, manufacturers began to add Turkish tobacco to improve the burn­
ing qualities of their own product, and cigarettes became more popular. 
With the outbreak of the First ',"orld War, they came into great demand 
and their use became nation-wide. The figures tell the story. In 1913, 
3,000,000,000 cigarettes were produced; in 1914, 15,000,000,000; in 1915, 
4G,000,000,000; in 1921, 52,000,000,000; in 1930,123,000,000,000; in 1935, 
139,000,000,000; in 1940, 189,000,000,000; in 1942, 257,000,000,000; in 
1945, 332,000,000,000; and the estimated production for 1948 was 
387,000,000,000. 

In present-day cigarette manufacture, properly aged leaves are utilized 
and the stems are removed by hand or by machine. The moisture con­
tent is then increased to from 18 to 20 per cent, and the ,-arious grades are 
blended. Although the actual formulas are trade secrets, in general 
cigarettes contain about 53 per cent flue-cured tobacco, 33 per cent 
Burley, 10 per cent oriental, and 4 per cent lVlaryland. The leaves are 
then run through a cutting machine, where they are shredded and dried. 
During the process, the" casing," consisting of licorice, sugar, glycerin, 
and various flavorings, is added. Cigarette paper is made chiefly from 
flax fiber. 

The 1947 tobacco crop ,vas utilized in the following manner: 98,440,000 .. 
lb. for chmying tobacco, 104,G80,000 lb. for pipe tobaeco, 39,lG3,000 lb. 
for snuff, and 507,82G,000 lb. for export; 5,5G7,346 cigars and 369,683,-
306,000 cigarettes ,,"ere manufactured. 

Production of Tobacco 

The United States has always led the ,,"orld in the production of 
tobacco. This crop was first gro\\"n in lG12 and '''as first exported in 
lG18 from Jamestown. From the very outset tobacco was the backbone 
of the Virginia colony, even serving as currency. Around its cultivation 
in tidewater Virginia a culture grew up which has never been equaled in 
America and \\"hich flourished for two centuries. After the Revolution 
the industry declined, owing partly to the competition of other countries, 
and partly to the exhaustion of the soil. Gradually the industry moved 
westward into the Piedmont region of Virginia and North Carolina, and 
the great estates gave way to small farms. Tobacco has been grown in 
X e,,' England to some extent from the earliest days, but the crop has been 
important only since 1795. Today the tobacco industry is specialized, 
since certain areas are better suited to one kind of tobacco than to others. 
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The crop is grown commercially in 21 different states, with Kentucky and 
North Carolina producing about 60 per cent of the total amount. In 
1946, 1,963,400 acres were devoted to tobacco, and the crop amounted to 
2,321,596,000 lb. divided among the several grades as follows: jltte-cmed, 
1,317,466,000 lb., grown in Virginia, North Carolina, South Carolina and 
Georgia; Burley, 484,704,000 lb., grown in Kentucky, Indiana, Ohio, 
West Virginia, Tennessee, North Carolina, and Virginia; Maryland, 37, 
762,000 lb., grmyn in southern :Maryland; dark air-cured, 37,195,000 lb., 
grown in eastern Kentucky and Tennessee, southern Indiana, and north­
central Virginia; fire-cured, 85,850,000 lb., grown in western Kentucky, 
northwestern Tennessee, and central Virginia; cigar filler, 63,160,000 lb., 
grown in Pennsylvania, Ohio, and Kentucky; cigar binder, 70,255,000 lb., 
grown in the Connecticut valley, \Visconsin, :Minnesot a, New York, 
Georgia, and Florida; cigar wrapper, 13,480,000 10, grown in the Con­
necticut valley, Georgia, and Florida; Perique, 249,000 lb., grown in 
Louisiana. 

In spite of the large domestic production, a considerable quantity of 
tobacco is imported, principally oriental types for use in cigarettes. 

Other large tobacco-producing countries are China and India, each of 
which grow approximately a billion pounds, the U.S.S.R., Indonesia, 
Brazil, Turkey, Italy, and Japan. Many other-areas produce high-grade 
tobaccos in smaller quantities. This is particularly true of Cuba. 

Other Tobacco Products 

A tobacco extract, made from low grades of fire- and dark air-cured 
leaves, is exported for use in making chewing tobacco. Nicotiana rustica 
is grown as the source of nicotine, ,,·hich is extracted for use as an insecti­
cide. Rutin, ordinarily obtained from buckwheat, is also present in 
tobacco leaves, but the extraction process has so far been too costly for 
it to be of commercial value. 

-- BETEL 

Probably more people chew betel nuts than any other masticatory. 
The aumber has been estimated as over 400,000,000. The desire for 
betel is very great, and, it is chewed by all classes of people at all times. 
The habit is indulged in from Reunion and.Zanzibar to India, Burma, 
Malaya, Indo-China, and southeastern China and in the East Indies, 
the Philippines; and some of Oceania. The ,yidespread occurrence of the 
habit is indicative of its antiquity. It was first described by Herodotus 
in 340 B.C. Over 100,000 tons of the nuts are used in India alone, and 
the cOhsumption of pan, as it is milled, plays an integral part in the daily 
life of the inhabitants. 
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Betel nuts or areca nuts are the seeds of the betel-nut palm ' 
Catechu). This palm is a native of l\Ialaya but is extensiyely cultintied 
wherever the nuts are used. The process of hetel chewing may be quite 
complex. The simplest and most usual method, hO\\'ever, involves the 
use of only three ingredients (Fig. 138): betel nut:;, betellea\TCs, and lime. 
Slices of cured (semiripe) or ripe nuts are placed in the mouth. Then 
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FIG. 138. :'.Iaterials used in betel-nut chewing. Above. leaves of the betel pepper (Piper 
Belle); center, betel nuts (Areca Catechu) with husk removed and some of the nuts cut; 
below, betel Iluts with the husk surro':llding the fruit. (Courtes!J 0/ the Botanical Jluscum 
of Harrard Universit!J.) 

fresh leaves of the betel pepper (Piper Belle) are smeared ,,,ith lime and 
che,Yed with the nuts. This practice is always indulged in after dinner 
as a breath sweetener. It is not in the least harmful and may even aid in 
digestion. Often mixtures of the nuts ,,,ith cloves, cinnamon, cardamom, 
nutmeg, or other spices are utilized. Another type of betel chewing 
involves the additional use of tobacco. This may be habit forming, but 
as in the case of tobaceo, the narcotic principles are not especially harmful 
in that they do not affect consciousness in any way but merely produce a 
mild stimulation and feeling of well-being. 
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COLA 

.. :The seeds of the cola tree (Cola nitida), known as cola or kola nuts, are 
extensively used in many parts of tropical Africa as a masticatory. This 
tree, a tall species "'ith a straight trunk reaching a height of 50 to 65 ft., 
grows ,,;ild in the forests of tropical 'Yest Africa. It is also cultivated in 
this region and tlie adjacent Sudan, and has been introduced into Jamaica, 
Brazil, India, and other parts of tropical Asia. The fruit consists of 
star-shaped follicles which contain eight hard, plano-convex, fleshy seeds 
with a reddish color and- the -_odor of roses. These" nu-ts" (Fig. 139) are 
marketed fresh and are i~sualiJ; :chewed ciirectiy, although pmydered nuts 
may be used. - . 
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FIG. 139. Cola nuts, the seeds of Cola nitida. 

Cola has long plUyed an important part in the:sociaI, religious, and 
commercial life of the African natives. It was -first reported in the 
twelfth century. The nuts are in gn3at'demand and the natives will go to 
considerable trouble to obtain them .. Although bitter at first, they leave 
a sweet taste in the mouth. The use of this masticatory results in a slight 
stimulation and temporary increase in physical capacity. It is said to 
lessen hunger and fatigue. Cola is the most complex -of the caffeine­
containing products. It not only contains 2 per cent caffeine, but an 
essCI,tial oil and a glucoside, kolanin, as welL The stimulating effect of 
cola is due in part to the caffeine and in part to the kolanin; which acts as 
a heart stimulant. Old nuts tend to lose their kola,nin, and so are less 
invigorat.ing. The chmying of cola nuts has no effect on-the consciousness 
and produces ;10 other deleterious results. 

THE TRUE NARCOTICS 

"Ve :1ave already seen that the narcotic plants contain alkaloids that are 
valuahle in medicine, when used in exceedingly small amounts. - They are 
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used to relieve pain, produce sleep, and quiet anxiety and fears. V. is: "n , 

easy to produce serious physiological effects, however, that they mus~-r)" 
used with the utmost discretion and only under a physician's directioll. 
There is no possible excuse for their use under any other conditions. 

The narcotic drugs yary considerably in their effects on the human 
system. Cocaine and opium act as sedatives on mental actiyity and 
bring about it state of physical and mental comfort. This is accom­
panied by a diminution, and even suspension, of emotion and perception, 
together with a lowering and often complete suppression of consciousness. 

Cannabis, peyote, fly agaric" caapi, and the solanaceous narcotics, on 
the other hand, 9ause cerebral excitation and bring about hallucinations, 
yisions, and illusions. Their use causes intoxication and may be accom­
panied or followed by unconsciousness, or other symptoms that indicate 
that the brain is no longer functioning normally. 

Kayakava is a sleep-producing drug -and tends to induce a hypnotic 
state. 

'Coca 

The chewing of the whole or finely powdered leaves of the coca plant 
(Erylhroxylon Coca), already mentioned as the ;olli:ce ~fthe drug cocaine, 
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FIG. 140. ~Iaterials used in coca chewing" Upper left, the pitaro, a container for lime; 
lower left, lime and ashes; right, leaves and fruit of the coca shrub (Erythroxylon Coca). 
(Courtesy of the Botanical Jh,seum oj Harvard University.) 

is a centuries-old custom among the Indians of the A,ndes and the western 
half of the Amazon basin. The discovery of the plant and its properties 
is shrouded in mystery. It was highly esteemed by the Incas, who used 
it as an emblem of royalty. The use of coca gradually spread from the 
higher classes among the common people, and Pizarro found it in general 
use in 1553. 
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7'-';ple who use coca can resist physical and mental fatigue and work 
~rl' long periods withouL food or drink. The average consumption is 25 
to 50 grams daily. The chewing of coca is folloi,ved, after a short period 
of rest, by greatly stimulated activity. The narcotic acts directly on the 
central nervous system, causing immediate psychic exaltation to such an 
extent that the consumer is enabled to forget his hunger or other pains. 
The custom may become a habit and lead to physical deterioration, sick­
ness, and even death, as its favors malnutrition. The leaves are chewed 
with lime and the highly alkaline ·ashes of some plant, such as quin'oa 
or cecropia leaves. 'Coca chewing (Fig. 140) is· so indispensable and 
widespread in South America that very little coca is exported, although 
the plant is widely cultivated oil the eastern slopes of the Andes fro·m 
Colombia to Argentina. It is also cultivated to some extent in Java and 
India. The use of coca, and its derivative cocaine, is' subject to the 
strictest regulations 1n most countrieS'. 

/" 
./ 

Opium 

. Opium is a very old narcotic. As we have seen, it is the dried juice 
that exudes from injured capsules .of. the opium poppy. Originating 
probably- in Asia :Minor, tlreuseoCopium soon spread westward. . The 
drug was known to the Greeks, Romans, and Egyptians and perhaps to 
the earlier Lake Dwellers of Switzerland.·· In its '~astward dispe·rsal it 
had reached Persia, India, ~nd Chiila·bY~tli~.eighth·'centurY, and since 
then has spread all over .the ·world .. When,pi'oporly utilized, opium and 
the alkaloids derived from it are vitluable medicina,lly and have proved a 
great blessing to mankind in the relief of pain. ,Excessive use of the drug, ' 
howev01;, and the resulting opium habit have been 'and still ,are the, cause 
of unbelievable suffering and evil. No other drug has caused so much 
corruption and tragedy. In spite Of .every effort to stamp out the habit, 
it seems to be increasing, This is particula"rly t~'ue Of the ,O~i~nt, where 
opium has taken a toll of millions of lives. It has been'estiiliated ·that 
over 900,000,000 people are still apt to us~ it. :, . ' . 

It is an all too easy step from the use of a small quaritity of opium as a 
soporific, or for the pleasure of the moment, to the point where it becomes 
necessary for the very existence of the unfortunate addict. The immedi­
ate effects of taking opium are pleasurable, and alluring dreams arid 
visions are induced. Continued use, however, l~ads to delirium and 
death. The opium addict soon loses the will power necessary to resist 
the craving. Even if he develops sufficient moral resistance, the with­
drawal pains are so severe that it becomes virtually impossible for him to 
continllp. his abstinence. 

In India opium is usually eaten and the habit is common to all classes 
of soci€JuY• So great is the demand that the cultivation of the opium 
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poppy is one of the most profitable industries in the country. In eariier 
days opium ,ms openly exploited by the Portuguese, the Dutch, and 'the 
English in turn. Today attempts are being made by the various govern­
ments to regulate the product.ion and trade in opium. Unfortunately, 
because of the large revenues that can be derived, such attempts are 
likely to be only half-hearted and consequently only partially successful. 
In India immense quantities of opium are ayailable in the open market, 
although the government has a monopoly on the drug and attempts 
to restrict its sale to accredited buyers only. 

Conditions in China are much worse. Here the usual method of con­
sumption is opium smoking-placing a small pellet in the bmd of a 
special pipe and inhaling the fumes. In this way more morphine is said 
to be absorbed and the effects on the system may be greater. Until 
recently few attempts have been made to stamp out the practice. In 
the past the nation as a whole has shown in its mental and physical 
characteristics the effects of the opium habit. What the future holds for 
China is problematical for it is claimed that more opium is grown and 
used today than ever before. It has been estimated that the consump­
tion is eight times that of the rest of the world together. Every province 
grows the poppy (Fig. 141) and the crop may be so profitable that little 
food is raised, with the result that famine is ahmys hoyering over the 
land. 
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;In Europe and the United States, although opium, morphine, heroin, 
c.ocieine, and the other derivatives are used to a much less extent than in 
the Orient, the smuggling and use of these narcotics are matters of grave 
concern. Laws relating to narcotics cannot be too rigidly enforced. In 
countries where the habit has a stTOng foothold, opium is not only a social 
problem but often the cause of international complications as well. 
China and India have had serious differences over the opium trade. The 
suppression of the production and use of opium and similar. narcotics is 
one of the greatest problems facing the world today. The League of 
Nations rightly devoted considerable a_ttention toward setting up pro­
hibitive regulations and other methods-of dealing with the situation. 

/.// 

Cannabis 

The hemp plant (Cannabis sativa) (Fig. 10), already. discussed as the 
source of a textile fiber and a drying oil, also yields a narcotic drug. The 
dried flo"iering topsof the fu~~le- pla~ts, pre~sed together .into, solid 
masses, constitute the official" cannabis indica." This drug is used in 
medicine to relieve pain and in the treatment of hysteria and various 
nervous disorders. The active principle is resinous in nature and con­
tains three or fOUl' very powerful allialoids. Hemp is' often 'cultivated 
solely as a drug plant. . This is especially true in India, where hemp grow­
ing is almost a science. The use of hemp as a narcotic stimulant is very 
old, extending back to 3000 B.C.; first in China and later in ~ndia. The 
plant 'was used by the Assyrians and was known.to Herodotus. At the 
present time the habit is indulged in chiefly inlHongolia; lridia,and other 
parts of Southern' Asia, Asia :Minor, and Northern and tropical Africa. 

Indian hemp is consumed in' various ·ways. The pure; undiluted, 
sticky yellow resin which is naturally exuded from the flowering tops of 
cultivated female plants is known as charas or hashish. Formerly the 
resin was obtained by rolling or treading on the leaves or by having 
natives run violently through a mass of the plants. The resin stuck to 
the body or clothes of the runner and was easily removed. N ow it is 
carefully pressed out of the flowering tops between layers of cheesecloth 
and then scraped off. Charas is smoked. It is the most powerful fomi 
of the drug. Bhang consists of the tops of 'wild plants, which have a 
lower resin content, in a water or milk decoction. It is also smoked. In 
America this type of hemp is known as marijuana. Ganja is a specially 
cultivated and harvested grade of hemp used for smoking and in beverages 
and sweetmeats, It has a high resin content. 

Cannabis in its various forms often produces serious results for the con­
sumer. It causes a stupefying and hypnotic effect, accompanied by 
hallucinations, agreeable and often erotic dreams, and a general state of 
ecstasy. The addicts, while under the influence of the drug, are apt to 
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be happy and noisy and may even become fanatical and commit murdr'r. 
When used in moderation, however, it is apparently not too harmf'u1• 

Cannabis has been of little importance in the United States, but recently 
the use of marijuana cigarettes, illicitily made from hemp, seems to be 
increasing, in spite of all repressive measures. 

Peyote 

A cactus, Lophophora nrnliamsii, is the source of peyote or mescal 
buttons. This species is indigenous to lVlexico and the southwesiern 

--1 

FIG. 142. Peyote (Lophophora Williamsii). Left, an entire plant of this diminutive 
cactus; ri(Jht, the dried crowns, known as mescal buttons. Theoe have powerful narcotic 
properties. (Photo by Richard E. Schultes.) 

United States, occurring on dry, [,rid plateaus in a limited area bordering 
on the Rio Grande. The cactus resembles a huge carrot (Fig. 142) with 
all parts of the plant, except a buttonlike top, below ground. These tops 
are round and flattened and have a wrinkled surface. They do not bear 
spines, but only little tufts of silky hairs. Some of the buttons are very 
tiny, while others may measure 3 or 3H in. in diameter. 

Mescal buttons contain seyeral very powerful alkaloids with narcotic 
properties. The native Indians of the region have used peyote for 
hundreds of years in connection with baptisms and ot,her religious cere­
monies. In spite of serious opposition the habit is still acti\·ely spreading 
among the southwestern Indians, owing primarily to the existence of a 
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sfj.};red cult devoted to its use. The buttons in either a fresh or dried 
state are chewed until they are soft. They are then rolled up in tlie 
l;and into little pellets which are swallowed. Sometimes a beverage is 
prepared by boiling the buttons. Peyote produces a state of ease and 
well-being, accompanied by visions and hypnotic trances. The addict 
finds himself in a world full of new sensations and pleasures. Peyote is 
also used extensively by the Indians for its supposed medicinal value. It 
is considered by them to be a panacea for most bodily ills. 

Fly Agaric 

The fly agaric (Amanita m1lscaria) is known in Europe, Asia, and 
America as one of the most poisonous of fungi. In spite of this fact, 
quantities of this mushroom are consumed in Siberia and other parts of 
Northeastern Asia for its intoxicating effect. Dried agarics are chewed 
until soft, rolled into sausage-shaped pieces, and swallo'ved. At other 
times they are used in milk, water, or the juice of berries as Ii beverage. 
The use of this fungus produces hallucInations and illusions, accom­
panied by giddiness, involuntary words and actiOlls, and finally uncon­
sciousness. "Two small fungi are sufficient to produce an intoxication 
that will last for.a whole day. The habitual use, of the narcotic will com­
pletely shatter the nervous system, yet the craving' for the drug among 
its addicts is too great to be denied. 

Ololiuqui 

The Indians of southwestern :Mexico were using a narcotic plant in 
their religious ceremonies and as an intoxicant prior to the Spanish 
Conquest. Ololiuqui, a decoction made from the seeds of Ril'ea corym­
bosa, a woody vine resembling a morning glory, is still used, especially in 
Oaxaca, in medicine, as a means of divination, and as a narcotic. Olo­
liuqui induces a hypnotic sleep or coma with hallucinations and a feeling 
of ecstasy, but with no unpleasant aftereffects. 

Caapi 

It has been estimated that most of the Indian tribes of the north­
western part of the Amazon basin utilize Banisteriopsis Caapi, B. ine­
brians, B. qllitensis, and species of the related genus Tetrapterys (Fig. 143) 
as the SQUl"ce of narcotic beverages. These plants are known as caapi in 
Brazil, ayahusra in Peru and Ecuador, and yaje in Colombia. They are 
lianas which grow naturally in the virgin forests and are sometimes 
cultivated in Indian villages. In preparing the beverage, the lower part 
of the "tern is cut off, cleaned, macerated, and boiled or utilized as a cold 
decoction. Caapi is used in the religious ceremonies of the natives. It 
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produces YISlOnS, dreams, and other mental disorders. It IS also a'll 
excitant and induces an unnatural courage. L 

FIG. 143. The interior of a forest in the Rio Uaupes basin, Brazilian Amazon. Caapi, a 
narcotic beyerage, is prepared from the bark of lianas such as this species of Tetrapterys. 
(Photo by Richard E. Schultes.) 

Solanaceous Narcotics 

Several members of the Solanac('ae contain alkaloids that produce dis­
orders of the brain and marked excitation when smoked or eaten. These 
narcotics are often responsible for some of the incomprehensible acts of 
fanatics in the East and elsewhere. 

The genus Datura has been and still is extensively used in all the 
continents except Australia for its narcotic and hypnotic properties. 
Long before there were written records various species were used in folk­
lore, religion, and medicine. The .Timson weed (D. Stramonillm), the 
source of the drug stramonium, ,yas knm\"n as a narcotic as early as 
A.D. 37. It still is one of the favorite sources of "knockout drops" in the 
tropics. The maikoa (D. arborea) and D. sanguinea, subtropical shrubs 
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of South America, are much used by various tribes of the westernmost 
Amazon region for their narcotic properties. D. innoxia, used by the 
Aztecs as a medicine and in their religious ceremonies, is still utilized to 
some extent by the Mexican Indians. Other species are similarly used 
elsewhere, all of them producing comparable effects, such as sense illu­
sions and motor disturbances, together "'ith senseless activities and loss of 
memory. 

Other important solanaceous narcotics include the henbanes and 
pituri. The black henbane (Hyoscyamus niger) has long been used as a 
poison and a sorcerer's potion, and to bring about visions and prophecies. 
H. l1wticus is smoked in Northern Africa and India for its intoxicating 
effect. Large quantities of the pituri (Duboisia H opwoodii) are chewed 
and smoked by the natives of Australia for its stimulating and narcotic 
effects. It contains the poisonous alkaloid scopolamine and is also used 
as a fish poison. 

KAVAKAVA 

The use of kavakava, ,vhich is almost universal througl).out Oceania, 
produces different results from those hitherto discussed; Tpe beverage 
acts as a sedative, a soporific, and a hypnotic, bringing about pleasant 
dregms and sensations. Excessive use.is apt to produce skin diseases 
and weaken the eyesight. The active pririciple is a resinous substance 
that is stimulating in small amounts. The source of kava, as it is some­
times called, is a bushy shrub 6 to 8' ft. tall, wit!l rou~ded or cordate 
leaves. This species, Piper mcthysticmn j . is indigeno_us to Fiji and other 
Pacific islands, but is now grown everywhere in the Sciuth Seas. The 
thick, knotty, grayish-green roots are the important pm;t .. These are 
dug up and the bark is removed. After the roots are thoroughly cleaned, 
they are cut up into small pieces. These pieces are chewed until they are 
fine and fibrous and are then placed in a bowl with water and allmved to 
ferment. Formerly while the roots were being chewed the saliva was 
ejected into bowls and this constituted the beverage. After straining, 
kava is a grayish-brown liquid and is very refreshing. It is closely con­
nected with the entire social, political, and religious life of the people. It 
is used in connection with festivals and religious observations, as a 
soporific, as a token of good will, and as a daily beverage. 



CHAPTER XIII 

THE HISTORY AND NATURE OF FOOD PLANTS 

THE HISTORY OF FOOD PLANTS 

The most remarkable fact concerning the food plants in use in the world 
today, and for that matter the industrial plants as well, is their great 
antiquity. :Most of them were domesticated from wild ancestors long 
before the beginning of the histOl'ical period, and all available records 
indicate that they were as familiar to the peoples of the ancient world as 
they are to us. Comparatiyely few new plants have been developed 
during the last 2000 years, although the older ones have been greatly 
altered and improved in response to the increasing complexit.y of man's 
existence. 

The history of our useful plants and their influence on civilization has 
always been of interest to botanists and ethnologists. Ivlany investiga­

tions have been carried on in an attempt 
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Fig. 144. Alphonse De CandoIIe 
(180G-1893), from a photograph 
taken ill 1SGG. (Courtesy of the Gray 
Herbarium.) 

to determine their age and place of 
origin, as well as their cultural history. 

The Work of De Candolle. The classic 
\York dealing with this phase of botany 
is De Candolle's "L'origine des plantes 
cultivees," which appeared in 1883. So 
careful and painstaking was his work 
that few of his conclusions regarding 
geographic distribution have had t.o 
be altered in the light of more recent 
studies. His dates, however, are of little 
or no value. De Candolle (Fig. 144) 
based his conclusions on a great variety 
of evidence: t.he works of Theophrastus, 
Dioscorides, and other old historians; 
Chinese writings; archeological and 

ethnological data, such as the monuments of Egypt, the ruins of Pompeii, 
the remains of the Lake Dwellers of Europe, and the Inca ruins of South 
America; philological indications, involving the names of plants in 
Hebrew, Sanskrit, and other ancient languages; and botanical conclusions 
based on distribution, number of varieties, presence or absence of "'ild 
types, length of cultjYation, and similar matters. He arranged the useful 
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rAants in six classes, and it \Yill be interesting to give a few examples of 
'~ach of these groups: 

A, OLD "TORLD SPECIES CULTn'ATED FOR OVER 4000 YEARS 

almond date millet rice a. __ 

apple v eggplant mulberry sorghum ..-. 
apricot fig olive soybean 
banana ./ flax onionV'" tea ,"-
barley....,./ grape v' peach turnip 
broad bean../ hemp pear watermelon 
cabbage mango{/" quince wheat,.--
cucumber 

B. OLD 'WORLD SPECIES CULTIVATED FOR OVER 2000 YEARS, AXD PERHAPS LOXGER 

alfalfa chestnut 
asparagus 
beet 
breadfruit 
carrot _-­
celery 
cherry 

cotton 
garden pea 
grapefruit 
bmon 
lettuce 

. lime 

mustard 
nutmcg 
oats 
orange 
pepper 
plum 

poppy 
radish 
rye 
sugar cane 
walnut 
yam 

C. OLD 'VORLD SPECIES CULTIVATED PROBABLY FOH I,ESS THAN 2000 YEARS 

artichoke endive okra raspberry .-
buckwheat gooseberry parsley rhubarb 
coffee horseradish parsnip strawberry ./ 

currant muskmelon ../ 

D. NEw'Yom,D SPECIES OF ANCIENT CULTIVAT!()N, MORE THAN 20QO YEARS 

cacao malzc sweet potato tobacco 
kidney bean mate 

E. NEW 'VORLD SPEqES CULTIVATED BEFOHE THE TIME OF COLU~IBUS, 

ANTIQUITY NOT KXOWN 

avocado peanut 
cotton pincapple 
guava potato 
Jerusalem artichoke 

. pumpkin 
quinoa 
red pepper 

squash 
tomato 
vanilla 

F. NEW 

allspice 
blackberry 
black walnut 
blueberry 

',"ORLD SPECIES CULTIVATED SINCE THE TIME OF COLUMBUS 

cinchona 
cranberry 
dewberry 

gooseberry 
pecan 
persimmon 

plum 
rubber 
strawberry 

From these examples it can readily be seen that our most valuable 
economic plants, including the cereals, most of the vegetables and fruits, 
tea, coffee, cocoa, and the fiber plants, were discovered, utilized, and 
cultivated by man thousal!-ds and thousands of years ago. 

It is even more difficult to determine the native homes of our cultivated 
plants. Obviously they must have been derived at some time in the 
remote past from wild ancestors. which originally had a restricted dis-
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tribution. In most cases these \\'ild forms no longer. exist, or they havp 
been carried by man far from their original home. (,For these and many 
other reasons it is a well-nigh impossible task to come to a definite conclu­
sion as to the place of their origill, i 

The Work of Vavilov. An iml;ortant work which throws some light 
on this point of culti\'ated-plant origins is that of Vavilov, which appeared 
in 1926. His conclusions are based on a variety of facts obtained from 
sources different from those of his predecessors. He considers such 
features as the anatomy, genetics, cytology, distribution, and diseases of 
the plants concerned. 

A \'aluable conclusion in Vavilov's work is t.hat many of our cultivated 
species of first rank, the primary crops as he calls them, had a diversified 
rather than a single origin. In the case of wheat, for example, the author 
points out tluL"t there were at least two distinct centers of distribution. 
The soft wheats came from Southwestern Asia, while the hard wheats 
originated in the ~Iediterrane:m region. Similarly barley was derived 
from Southwestern Asia, North Africa, and Southeastern Asia. 

Another point is ,concerned with the so-called secondary crop plants. 
It is the contention of the author that these were originally weed com­
panions of the primary crops. These weeds could not be eliminated and 
were either ignored or tolerated by the farmer. In regions that were 
favorable for the primary crops the "'eeds were of little importance. In 
unfavorable areas, hO\\'e\'er, the ,,,eeds tended to become more and more 
prominent, gradually replacing the primary crop, and eventually becom­
ing established as a cultivated crop. Rye and oats are conspicuous 
examples of such plants. 

A final contention is that the great centers of distribution of our culti­
vated crops were always in mountainous regions, and that the greatest 
amount of diversity occurred in such areas. Vavilov in general recognizes 
the four centers of distribution to be discussed belo,,,, ,,,ith the addition of 
a fifth area in Abyssinia and adjacent parts of i\ orthern Africa. He also 
suggests the possibility of a sixth center in the Philippine Islands 'where 
rice and coix may have originatetl. 

ORIGIN AND DISTRIBUTION OF FOOD PLANTS 

At the present time the available data seem to establish the fact that 
there "'ere at least four chief centers in ,"hich our economic plants 
originated, and from which they were later dispersed all over the world: 
(1) Southwestern or Central Asia, the mountainous region from India to 
Asia l\linor and Transcaucasia; (2) the Mediterranean region; (3) South­
eastern Asia; and (4) the highlands of tropical America. 

The parallelism between the history of mankind and the history of his 
domesticated plants (and animals as well) is obvious. It was in this same 
Central Asian plateau that seientists tell us man had his origin, and from 
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Nhich the human race was dispersed. Thus from the earliest beginnings 
man had at his disposal various food plants, and he. must have been 
dependent on them to a great extent for his existence. For countless 
ages he was a nomad, wandering from place to place, content merely to 
gather the edible fruits, grains, seeds, and tubers as he needed them, 
possibly for temporary storage in small amounts. At some later period 
in his history he began to make primitive attempts at cultivating these 
useful plants by sowing seeds in some favorable location. Whether these 
first attempts at agriculture were accidental or purposeful, they were of 
profound importance for they changed the whole nature of his existence. 
Of necessity he had to forsake his nomadic life and remain in one place 
at least long enough to harvest his crop. In so doing he took the -first 
step toward becoming civilized, for agriculture is the only mode of exist­
ence that has enabled men to live together in communities and accumulate 
the necessities of life. The establishment of agriculture was of the utmost 
importance to man and probably represents the most significant single 
advance in his development. 

Gradually these first simple types of plant culture were replaced by an 
agriculture of a much higher grade, which eventually led to the building 
up of the great nations of antiquity, These ancient civilizations were 
restricted 'in area, for they developed only in those regions where the 
useful plants that were the foundation stones of their existence were 
native. Ar~d so we find that Asia Minor and adjacent areas in South­
western Asia, the Mediterranean region, Southeaster Asia, and· the 
tropical American highlands were the locations of the 01 er civilizations. 
The presence of valuable plants in all these regions was he most impor­
tant factor in the successful development of agriculture, although in all 
these areas climate and soil conditions were very favorable. The climate 
was equable, with no extremes of heat and cold; the soil was fertile; and 
there was either ample rainfall or irrigation could be practiced. 

In Central Asia the native plants included alfalfa, apple, barley, broad 
bean, buckwheat, cherry, flax, garden peas, garlic, hemp, lentil, mulberry, 
olive, onion, pomegranate, plum, quince, radish, rye, and spinach. 

The 111 editerranean region was the home of the artichoke, asparagus, 
cabbage, cauliflower, cotton, fig, horseradish, millet, parsnip, parsley, and 
rhubarb. Common to both these areas \yere the almond, carrot, carob, 
celery, chestnut, grape, lettuce, mustard, turnip, and walnut. 'Wheat is 
also a native of some part of this combined area. 'Whether it was indige­
nous to Syria :md Palestine, to Turkestan or .Mesopotamia, or perhaps 
had a multiple origin, it was early available for all the nations of the region. 

In Southeastern Asia the banana, breadfruit, millet, peach, persimmon, 
orange, rice, soybean, sugar cane, and yam were native; in the American 
area cac~o, American cotton, kidney and lima beans, maize, potato, 
squash, tobacco, and tomato were indigenous. 
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It is interesting to note that a cereal was available in all these cultural 
areas. Ancient agriculture was based chiefly on these cereals, just as 
modern agriculture is. Their highly nutritious seeds were the staff of 
life 5000 and 10,000 years ago, and have remained so up to the present 
time. It was the cultinttion of wheat in the fertile valleys of the Tigris 
and Euphrates rivers that made possible the great nations of Biblical 
time, Chaldea, Assyria, and Babylonia. Egypt, Greece, and Rome had 
both wheat and barley available. Rice was the basis of the restricted 
civilization that developed in the valleys of the Hwang Ho and Yangtze 
Kiang rivers and led to the development of the great Chinese empire. 
The primitive peoples of the highlands of tropical America cultivated the 
native maize, the foundation of the remarkable civilizations that per­
sisted until overthrown by the Spanish invaders. In all these cultural 
areas the history of agriculture has been the same: first, the gath81:ing of 
the edible portions of wild plants; then the primitive cultivation of certain 
species best adapted to man's needs; and finally the evolution of a high­
grade agriculture, which involved the breeding of new varieties, improve­
ments in cultivation, irrigation, and similar features. Because of this 
similarity in the development of agriculture, particularly between the Old 
and the New World, many authorities have believed that the American 
civilizations must have had some contact with those of the Old World 
and been influenced by them. The evidence, however, seems to show 
that agriculture in this continent has had an entirely separate develop­
ment and that the resemblances which occur are only chance ones. 

THE NATURE OF FOOD PLANTS 

Food is necessary for the existence of all living things .. The various 
substances that constitute the food of plants and animals are used by 
them either in the formation of the living protoplasm, the building up of 
their bodily structure, or as a source of energy. 'Ve have already pointed 
out, in Chap. I, that green plants alone are actually able to manufacture 
food from raw materials. fllan and the other animals must take their 
food readymade, and so are dependent, either directly or indirectly, on 
plants. Fortunately for the animal \yorld, plants manufacture much 
more food than they can utilize immediately, and they store up this 
surplus as a reserve supply for future use. It is this supply of reserve 
food that man appropriates for his o\yn use. The essential foods, carbo­
hydrates, fats, and proteins, each valuable in its own way in man's 
metabolism, are all available in plants. So, too, are mineral salts, 
organic acids, vitamins, and enzymes, which are also necessary for his 
well-heing. Thus it is possible for man, if he so desires, to live entirely 
on a veget arian diet. 
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Plants utilize roots, stems, leaves, fruits, and seeds, to a greater or less 
extent, for the storage of reserve food. The most important of these 
from the standpoint of man are the dry fruits and seeds. In this cate­
gory are found the cereals and small grains, the legumes, and the nuts. 
All these contain a very large amount of nutritive material and have a 
proportionately low water content. This latter fact enhances their value 
to man, for they can be stored and transported easily. Roots, tubers, 
bulbs, and other earth vegetables are next in importance as sources of 
food for human beings, and the lower animals as well. Their value is 
lessened by their high water content. The leafy parts of plants, the 
greens, salad plants, and other herbage vegetables, contain comparatively 
little stored food. However, they are necessary because of the vitamins 
and mineral salts they contain and the mechanical effect of the indigesti­
ble cellulose material. The same is true of the fleshy fruits, which may 
also contain various organic acids. In the present discussion the food 
plants ,,·ill be considered under the following headings: cereals, small 
grains, legumes, nuts, earth vegetables, herbage vegetables, fruit vege-
tables, and fleshy fruits. . 

It will obviously be impossible to discuss, or even list, all the plants 
used for food throughout the world. Hundreds of species, both wild and 
cultivated, are used only by primitive races or in restricted areas. An 
attempt will be made to consider the outstanding food plants of the 
United States and Europe, together ,,,ith a few of the more conspicuous 
ones of other countries. 

Before proceeding to this discussion, ,,,hich will be concerned primarily 
with the higher plants, some reference will be made to the lower plants as 
sources of food. 

THE LOWER PLANTS AS SOURCES OF FOOD 

FUNGI 

The use of mushrooms, truffles, and other fungi as sources of food is 
very ancient, possibly as old as man himself. The first records go back 
as far as the fifth century B.C. :Mushrooms were well known to the 
Greeks and were highly prized by the Romans. During the Middle 
Ages the consumption of these edible fungi was enormous. Today they 
are eaten by both primitive and civilized peoples. Not only are wild 
forms utilized, but the cultivation of mushrooms is extensively carried on 
in Europe, the United States, and many parts of the Orient. 

Mushrooms 

l\,h~::,~rooms occur naturally in fields, pastures, and woods. 
l'epl'Psent the reproductive stage of certain of the higher fungi. 

They 
The 
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\'egetative stage of these fungi consists of masses of fine threads, OL' 

hyphae, which constitute the mycelium. This mycelium extends in all 
directions through the soil, deriving its nourishment saprophytically from 
decaying organic matter. Sooner or later, depending in part on favorable 
environmental conditions, the yisible spore-bearing stage is produced. It 
may take years for this to de\·elop. 

Space will not permit a discussion of the many edible wild mushrooms. 
These are more delicate in flavur and more palatable than the cultivated 
forms. However, great caution is necessary in distinguishing them from 
the poisonous species, familiarly kno\yn as toadstools, for the resemblance 
IS often yery close. X 0 hard and fast rules can be laid down which 

}CIG. 145. :\Iushrooms (Agaricus campestris) grown under cultivation. (Courtesy of the 
University of JIassachusclts.) 

absolutely separate the two groups. Definite and accurate knowledge as 
to the identity of any particular species is necessary. It is wisest to dis­
card any mushroom that resembles a poisonous form, even though it is 
known to be edible. 

Cultivation of Mushrooms. The cultivation of mushrooms dates back 
to the beginning of the seventeenth century. Today it is carried on with 
a high degree of efficiency, particularly in France, England, and the 
eastern United States. The most important species utilized is the com­
mon meadow mushroom (Agaricus campestris). Propagation is by means 
of spores, or more usually by using spawn. Spa\\'n consists of masses of 
mycelium compressed into little bricks. Suitable environmental condi­
tions are essential for deyploprnent. There should he litlle or no light, 
plenty of moisture, and a const:mt. temperature, with ,j:) to 5SoF. the 
optimum. The soil should be rich in organic matter, stahle manure 
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serving as an excellent 'medium. Cellars, tunnels, and caves afford ideal 
situations for growing mushrooms. The important French industry 
makes use of abandoned quarries and mines. 

Under these conditions spores germinate; or the mycelium resumes its 
growth, ramifying through the soil and in about six weeks forming little 
buttons on the surface of the soil. Eventually the buttons enlarge to 
form a chamber in which the gills develop. This chamber is raised up on 
a short fleshy stalk and, when mature, opens out into the characteristic 
umbrellalike pileus with the gills on the underside. The innumerable 
spores are produced on the gills. Mushrooms (Fig. 145) are gathered in 
the button stage, or before they are fully mature. The mycelium con­
tinues to bear from six to eight months. _ -

The food value of mushrooms is lmv, as nearly 91 per cent of the flesh 
is water. ,Proteins make up 3.75 per cent, carbohydrates 3.50, and fats 
only 0.20 per cent. ' . . 

Truffles 

Truffles have been famous almost as long as mushrooms and today are 
considered as greater delicacies and so are higher priced. Truffles differ 
from most other fungi in producing their fruiting bodies underground. 
They are solid, with a firm black or grayish-brown flesh and an agreeable 
odor and taste. Truffles are common in Englandand on the Continent. 
The chief commercial area is southern France. These fungi prefer a light, 
porous limestone soil in oak, beech, or birch forests. They are usually 
collected in the wild state, although crude attempts at cultivation have 
been made. These consist for the most part of stimulating natural pro­
duction in favorable areas. Truffles are harvested with the aid of 
specially trained dogs or pigs, whose keen sense of smell enables them to 
loc'ate the fungi. Truffles are collected when comparatively mature. 
Several species of the genus Tllber are utilized, chiefly T. melanosporll1n, 
T. aestivum, and T. brumale. 

Other Fungi 

The morel (1lforchella esculenta) is a familiar wild edible fungus in the 
United States (Fig. 146). This species and several allied ones are grown 
to SGme extent in France, and other fungi elsmvhere in Europe. In 
Japan, where enormous quantities of wild fungi are eaten, several native 
species are cultivated, chiefly the shiitake (Cortinell1ls edodes). This 
aromatic species is grown on logs. It can be kept for a long time in a 
dried conditio!" and is a favorite ingredient of soups. Over 1000 tons 
are grown ar.nuaily. 

ALGAE 

Only a few species of algae are utilized in Europe and America for food 
purposes and seaweeds are of little economic importance. In Japan, 
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China, and the Pacific islands, however, algae const.itute one of the chief 
articles of diet. So great is the demand in Japan that the natural supply 
is insufficient and many species are cultivated. It is not unusual to find 
six or seven different kinds served at a single meal. Over 70 varieties 
are eaten in Hmntii. and a few of these are cultivated. The nutritive 
value of algae i~ high. They have a high carbohydrate contenf, around 
50 per cent, ",ith small amounts of proteins and fats. 1\10reover, they 

.",.j / /. 
"-.;t .. I 

FIG. 146. The morel (JIorchclla escllienta) , un edible wild mushroom. (Photo by D. H. 
Linder.) 

are rich in vitamins and also contain a greater variety of mineral salts 
than any other food. 

Only three species of algae are of any importance as sources of food in 
the United States. These are Irish moss, dulse, and agar. 

Irish Moss (Chondrus crispus) is a perennial species found from Maine 
to North Carolina. The fresh plant is greenish purple in color with 
densely tufted fronds from 2 to 10 in. in length. These are narrow and 
cylindrical at the base but soon become flattened and repeatedly forked. 
This species is especially common in New England and the collection of 
the "moss" commercially is carried on in eastern 1\Iassachusetts. The 
plants are gathered with iron rakes at ebb tide and are then spread out on 
the beach to dry and bleach (Fig. 117). After a while they are soaked in 
salt water and again bleached. This process is repeated four or five times. 
The final commercial product is yellO\\'ish white and has a hard, horny 
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consistency. Irish moss has a high mucilage content and is used chiefly 
in making blancmanges, faI'inas, and similar desserts. The colloidal 
material, carrageenin, is extracted and -purified. It is an excellent 
emulsifying and suspending agent. It is used in the baking and dairy 
industries and in a variety of other products ranging from hand lotions 
and tooth paste to beer. This species also grows on the Atlantic Coast of 
Europe and is a favorite food in the west of Ireland. 

FIG. 147. Drying and bleaching Irish ma"ss (Chondrus crisp"s) on the beach at Scituate, 
Mass. (Cour/,"sy of the E. L. Patch Company.) 

Dulse (Rhodymenia palmala); a red alga found on- rocky shores on both 
sides of the Atlantic, is often dried and used for food. It is sometimes 
marketed as "sea kale." 

Agar, which has already been discussed under drug plants, is a favorite 
food in China and Japan, where it is used in jellies, soups, sauces, etc. In 
the United States and Europe its use by bakers and in making ice cream, 
candy, cheese, mayonnaise, jellies, and desserts is increasing. It is also 
used in canning fish, clarifying liquors, and various other industrial 
operations. 

Other species of algae, which are used in Scotland, Ireland, and Iceland 
for food, include the green layer (Ulva lactuca) , pink laver (Porphyra 
laciniata), and murlins (Alaria esculenta). 



CHAPTER XIV 

THE MAJOR CEREALS 

THE NATURE OF CEREALS 

The cereals are without question the most important sources of plant 
food for man and the lower animals. This is not only true today, but has 
been so since earliest time. During their long period of cultivation their 
original \yild ancestors have been lost sight of, and countless new species 
and yarieties have been evolved. fduch of this evolution occurred prior 
to the historical period for the older civilizations were already familiar 
\yith several kinds of wheat, barley, and other grains. :Moreover, the 
actual origin of these useful plants. had been so long forgotten that they 
were given supernatural powers and played a part in the religious cere­
monies of the various nations of antiquity. 

Long before the Christian era the ancient Romans held festivals at 
seed time and hatTest in honor of the goddess Ceres, whom they wor­
shipped as the giver of grain. At these festivals they brought offerings of 
"'heat and barley, the cerealia JIlllllera, or gifts of Ceres, a fact responsible 
for the modern name, "cereals." The Greeks had similar religious 
observations. In the New 'Vorld the l'.Iexican natives worshipped an 
agricultural deity to whom they brought the first fruits of their harvest. 
In fact, nearly every primitive race. has worshipped some deity "'ho 
presided over its crops. 

The cereals are all members of the great grass family, Gramincae, and 
are alike in possessing the characterisiic fruit of that family, the karyopsis. 
In this fruit the wall of the seed becomes fused with the ripening ovary 
wall to form the husk. The term" grain" is applied either to this type 
of fruit or to the plant that produces it. The true cereals are six in 
number: barley, maize, oats, rice, rye, and wheat. Of these wheat, 
maize, and rice are the most important, and each has played an important 
part in the development of civilization. Sometimes the millets, sor­
glmms, and even buckwheat are erroneously referred to as cereals. 

The reasons for the importance of cereals as food plants arc many. 
One or more of these grasses arc available for each kind of climate. The 
northern regions have barley and rye, the temperate regions "'heat, and 
the tropics ancI warmer temperate areas maize and rice. Cereals also 
have a \dde range of soil and moisture requirements. They can be 
cultivated \yith a small amount of labor, and have a large yield. The 
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grains are easy to handle and store because of their low water content, 
and they are very high in food value. Cereals contain a higher percent­
age of carbohydrates than any other food plants, together with a consider­
able amount of proteins and some fats. Even vitamins are present, 

WHEAT 

Wheat is the chief cereal of temperate regions and the one most widely 
grown and so is by far of the most importance to the white race. It is 
very old and its native home is in doubt. Some of the more recent 
investigations point to the highlands of Palestine and Syria as the place 
of origin, although the Central Asian plateau and the Tigris and Euphra­
tes valleys have been suggested. It has already been pointed out that 
Va vilov considers wheat to have had a multiple origin, the soft wheats 
coming from the mountains of Afghanistan and the southwestern Hima­
layas; the durum wheats from Abyssinia, Algeria, and Greece; and 
einkorn from Asia Minor. The archeological evidence seems to indicate 
that this grain has been cultivated for at least 6000 years. \Yheat was 
the basis of the Babylonian civilization and it was cultivated by all the 
other nations of antiquity. Numerous varieties were known to Aristotle, 
Theophrastus, Pliny, and the other Greek and Roman writers. It was 
grown in China as early as 2700 B.C., and was used by the Lake Dwellers 
of S,,:itzerland and Hungary who go back to the Stone Age. 'Yheat was 
first introduced into the New W orId in 1529 when the Spaniards took it to 
Mexico. Gosnold, the English explorer, sowed wheat in New England in 
1602. It reached Virginia in 1611, California in 1769, and Minnesota in 
1845. 

Characteristics of Wheat 

'Yheat is an annual grass, belonging to the genus Triticum, which 
comprises a considerable number of wild as well as cultivated species. 
The wild forms are often troublesome as weeds, but are valueless as food 
plants. Cultivated wheat (T. aestiv1lm) grows to a height of from 2 to 4 
ft. The inflorescence is a terminal spike or head consisting of from 15 to 
20 spikelets borne on a zigzag axis. The individual spikelets are sessile 
and solitary and consist of from one to five flowers each. The mature 
grain ~Fig. 4) consists of the embryo (6 per cent), a starchy endosperm 
(82 to 86 per cent), the nitrogenous aleurone layer (3 to 4 per cent), and 
the husk or bran (8 to 9 per cent). This last structure is composed of 
the remains of the nucellus, the integuments of the seed coat, and the 
ovary walls or pericarp. 

Kinds of Wheat 

The !:mg period of cultivation of wheat has resulted in the production 
of innumerabie species and varieties, as a result of the conscious or uncon-
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FIG. 148. Heads of the eight kinds of wheat. The heads from left to right are: common, 
club, Polish, durum, emmer, spelt. poulard, einkorn. (Reproduced by permission from 
Etherid(}e, Field Crops, Ginn and Company.) 

scious selection on the part of man of forms that possessed some par­
ticularly desirable qualities. In general eight kinds of ,,'heat are recog­
nized (Fig. 148). These were differentiated as species by Hackel. 

lIlonococcum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. einkorn 
poloniclllI! . ........................................... Polish wheat 

diCOCCIl1Il. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. emmer 
'1'ritiCUlIl spell a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. spelt 

(sa/ivll/Il) vIi/yare. . . . . . . . . . . . . . . . . . . . . . . . . common wheat 
(lellax) cOlllpaclllIll. ................... dub wheat 

durll/It. . . . . . . . . . . . . . . . . . . . . . . . . . . .. dUfnill wheat 
tilryidllll! . ......................... , ponIard wheat 

:More recently, the various groups of \"heat ha\'e been classified on the 
basis of their chromosome numbers. The most important species fall into 
the following groups. 

Diploid 
(7 pairs) 

T. lllOlWCOCCllln 

Tetraploid 
(1-1 pairs) 

1'. dicoCCllln 

T. dUTWI! 

T. poioniculn 
T. 1'imopheelJi 
T. lurgidUlI! 

Hexaploid 
(21 pairs) 

'1'. cOlI!pactum 
T. acstivuln 

T. Spe/ta 

The most primitive of these species are einkorn, emmer, and spelt. 
Like the wild grasses of the genus, these have a fragile jointed head, 'which 
breaks during threshing, and the grain does not separate readily from its 
enclosing envelopes. 
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Einkom.. This is also called one-grained wheat as it has only one fruit 
in each spikelet. It is one of the oldest of wheats, going as far .hack as 
the Stone Age. It is a plant whiCh can utilize very poor soil and will 
grow where other types cannot. Einkorn is a_splall plant, rurely 2 ft. in 
height, with a very low yield. It is still cultivated to some extent in the 
mountainous regions of Southern Europe, especially in Spain. It is rarely 
used for bread, but chiefly for fodder. In the United States the plant is 
grown for experimental purposes only. _ _ 

Emmer. This species, also known as starch wheat, rice \vheat, 01: two­
grained spelt, has a flattened head with bristles or awns., It is another 
very old type and was grown in Babylonia and by all the early 1Iediter­
ranean nations and the Lake Dwellers of Europe. It is. still cultivated in 
the mountainous parts of Spain, -Italy, Switzerland, Germany, and 
the U.S.S.ll. The plant thrives in dry soil. Emmer was introduced into 
the United States from Russia. It has some use for livestock and 
breakfast foods and in breeding programs. 

Spelt. Spelt, arwther primitive wheat of antiquity, is very hardy and 
can be grown on the poorest soils. It has been cultivated in the Mediter­
ranean region for centuries, and is still grown in Spain. In the United 
States it is grown somewhat as a food for livestock. 

The remaining wheats have a stout unjointed head, which does not 
break, and the ripe grain separates easily and cleanly. 

Polish Wheat. This plant, also known as giant rye, has a very charac­
~eristic appearance, due to the long papery bracts surrounding each 
spikelet. The stems are solid, and the bluish-green ears are flattened. 
The species is of comparatively recent origin. In spite of its name, it is 
not a native of Poland. It is grown chiefly in Spain, and also in Italy, 
Turkestan, and Abyssinia. The plants are large, but have a small yield 
of little value. Polish wheat has peen exploited in the United States, 
but it is not well adapted to our conditions and gives a very unsatisfactory 
return. 

Poulard Wheat. This species, known also as English wheat or river 
wheat, is an old form, which probably originated in the dry areas of the 
eastern and southern iVlediterranean region. The heads are large, but 
the yidd is small and the plant is of but little importance save in England. 
It has been much exploited in the United States, but has no real com­
mercial value. 

Club ·Wheat. The club wheats, often called dwarf or hedgehog wheats, 
differ from llll the other types in having short compact heads and small 
kernels. Tlw plants arc small and luwe a very stiff and strong straw. 
They are well adapted to poor soil and are grown chiefly in the mountain­
ous districts of Central Europe, Turkestan, and Abyssinia. These 
wheats have been introduced into this hemisphere and are grown in 
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Chile and in the Pacific and Rocky rdountain states. The grains are soft 
and have a low protein content, and so are not 'veIl adapted for bread 
making. Their chief use is for pastry flour and for export purposes. 

Durum Wheat. These wheats have thick heads with long stiff beards 
and large, very hard, amber or red grains, which are rich in gluten. This 
type has been cultivated for a long time in the Old WorId in arid regions. 
It is the principal "'heat in Spain, and is also grown in j.lgeria, India, and 
the r.S.S.R. Durum wheats have been introduced into the United 
States from Russia and have proved extremely valuable. The low 
rainfall and high temperature, characteristic of much of the Great Plains, 
renders the region unsuitable for most crops. These wheats are very 
hardy and drought-resistant and are grown with great success in this 
area. Because of the high gluten content, the flour is used chiefly for 
macaroni, semolina, and similar pastes. ,Vhen mixed with other flour it 
can be used for bread. The red durum wheats are used chiefly for live­
stock feeding. 

Common Wheat. These common "'heats are the chief source of hread 
flour. They occur in innumerable varieties differing in both external 
morphological and physiological characters. There are bearded and 
beardless ,vheats, red and ,vhite wheats, and hard and soft wheats. The 
hard wheats are richer in proteins and usually have small grains; the 
soft wheats produce large grains, which are richer in starch. The physio­
logical characters include such features as yield per' acre; lateness or 
earliness of maturing; resistance to drought, cold, or disease; behavior in 
milling and baking; and the seasonal aspect, e.g., spring or winter wheat. 
Spring wheat is sown in the spring and harvested in late summer. 'Vinter 
wheat, on the other hand, is planted in the fall and develops a partial, 
root system bef,ore the coming of cold ,,'cather. In the spring it has a 
vigorous early grmvth, and it is harvested in early summer. 'Vinter 
wheat has a higher yield, is more resistant to disease, and matures 
earlier. 

Timopheevi. TriticulIl Timophecvi, a recently discovered Russian 
species, is very disease resistant and is being used in breeding experiments 
with standard varieties. 

Grades of Wheat 

The United States Department of Agriculture recognizes seven grades 
or classes of wheat in its official grain standards. The five most impor­
tant comprise the following: 

Hard Red Spring Wheat. This class constitutes 20 per cent of the 
United States crop. These wheats are grown chiefly in }.Iinnesota, the 
Dakotas, and Canada, where the winters arc too severe for winter wheat, 
and are used for bread flour. l\f al'fjuis 'wheat has been the chief variety. 
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Durum Wheat. The amber durum wheats are all spring wheats and 
include 10 varieties, of which Kubanka is the best known. They com­
prise about G per cent of the wheat crop, and arc grown chiefly in the 
Dakotas and TvIinnesota. They m'e used almost entirely for macaroni 
and similar products. 

Hard Red Winter Wheat. This class is grown chiefly in the central 
and southern· Great Plains where hot summers and severe dry winters 
prevail. Kansas, Nebraska, Texas, and Oklahoma lead in pl:oduction. 
This type of wheat constitutes 47 per cent of the total crop .. Turkey is the 
most widely grown variety. The flour is of high bi'eadmaking quality. 

Soft Red Winter Wheat. This class yields about 30 per cent of the 
wheat grown. It is the chief ,vheat east of the Mississippi River, 
centering in Ohio, Indiana, and Illinois, and it is also cultivated in the 
Pacific Northwest. It is adapt~d to a more humid climate than the 
other wheats. The grains are more starchy, and the flour is used for 
pastry, cake, breakfast foods, and home baking. This class includes the 
red club wheats. 

White Wheat. This class, which makes up about 5 per cent of the 
wheat crop, comprises all the white-grained forms, whether common 
wheat or club "'heat, and includes both hard and soft and spring and 
winter wheats. They are grown in the Pacific ?\orthwest and in the 
northeastern United States. The flour is well suited for pastry and 
breakfafOt foods, and is blended with hard-wheat flour for breadmaking. 
There is also a large export trade in this ·wheat. 

Cultivation of Wheat 

Wheat is adapted to all moderately dry temperate climates; but is not 
grown in warm humid regions. Areas with a growing season of at least 
90 days and an annual rainfall of not less than 9 in. are required. Over 
30 in. of rain is detrimental. In general, regions with a cool moist spring 
merging into warm, bright, dry harvest periods are best, but the various 
kinds of wheat differ somewhat in their requirements. The proper 
climatic conditions for ,,-heat are found in nine different areas in the 
world, and these are the chief wheat-producing regions. They are the 
plains of southern Russia and the Danube, the lVlediterranean 
countries, North"'estern Europe, the central plains of the United States 
(Fig. 149) and Canada, the Columbia River basin in the Pacific North­
west, nort.hwest India, north central China, Argentina, and Southeast 
Australia. 

The best soils for wheat are clays and loams, although a light sandy soil 
can be utilized. If the ground is too wet, the plants lack vigor and pro­
duce a small yield. On the other hand, a porous soil does not hold 
enough moisture. Lime is an essential element and must be added if the 
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calcium content of the soil is low. Kitrogen, phosphorus, and potassium 
arc also necessary. The hest fertilizer is barnyard manure. 

The land must be thoroughly cleared, for ,,'heat is easily choked out by 
weeds. Crop rotation is often practiced, and wheat is planted after a 
crop like beets, turnips, or tobaceo, which kill out weeds. The methods 
of cultivation nat,mally vary depending on the kind of wheat and the 
character of the soil and climate. The time of sowing depends on whether 
the plant is a winter or summer annual. For a good crop the seed must 
be he~w.r, well developed, and fully ripe. Only the finest ears arc llsed 
for seeel. The grains are \\"innowed to remove dust and light grains, are 

:l\" .- ,). __ ~ _ ... 'V -::._": ; 

FIG. t4!l. A field of Thatcher wheat growing 'in the ned HiYer yalley Ilcar Crookston, 
.:\Iinll. (Courtesy of the Aaronomy Department, University of JIinnesota.) 

then sifted and bolted, and are treated with chemicals to kill any fungus 
spores. 'Wheat may be sown broadcast, either by hand or by 'sowing 
machines, the former method being used only on small farms. On large 
farms t\\"o kinds of machines are used: one which sows broadcast, and the 
other \\"hich drills furrows and buries the seed at once. Germination 
begins immediately and the first leaves appear within a fortnight. In 
the case of spring 'wheat growth continues unchecked until maturity, but 
in "'inter wheat it is halted with the ad"ent of frost. If the cold is too 
severe, or if the roots are exposed, winter wheat may be killed. Weeding 
is constantly necessary. On the largest farms machines arc used which 
plow 24 furrows at one time. The various stages of the ripening grain 
arc known as milk-ripe, yellow-ripe or dough, full-ripe, and dead-ripe. 
,Yheat is not always allowed to mature fully for it is then more valuable 
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for fodder. 'Wheat is attacked by several insect and fungus pests. The 
latter include bunt, smut, and rust. 'Wheat rust causes enormous losses, 
often wiping out a whole crop. Many attempts have been made to 
import rust-resistant varieties, as well as drought-resistant varieties, and 
also to breed them. The efforts to produce rust-resistant strains of 
wheat comprise one of the most thrilling stories of modern plant breeding. 

Harvesting of Wheat 

The harvesting methods vary with the size of the farm. Simple reap~ 
ing hooks, scythes, or reaping'machines are used to cut the culms; arid 

FIG. 150. HaFvesting wheat with a combine in ·Washington. (Reproduced by permission 
of the Philadelphia Commercial Museum.) 

binding machines bind them into sheaves. The wheat is then housed 
and must be kept dry. In many parts of the world, a privilege, as old as 
man himself, allows the poor of the neighborhood to come in and glean 
the ears left in the field. Threshing is the next process, and this involves 
the se~aration of the grain from the spike. This is usually done by hand, 
using a flail. This is a long tiresome process, but is less damagin·g to the 
grain than a threshing machine. Rows of wheat all pointing the same 
way are laid on the threshing floor to the depth of 1 in. These are struck 
at regular intervals with the flail, and then the wheat is turned and the 
process repea~ed. A cart, which traces a spiral course oyer the stalks, is 
much used in Europe. After threshing, the wheat is winnowed and 
sifted. Threshing machines are often used. These are either horizontal 
or vertical and consist of rapidly revolving drums of hard wood, provided 
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,,-ith barbed beaters which strike the ears ,yith great force and with a 
frequency sometimes as high as 800 r.p.m. The most complicated 
harvesting machines have been de,-eloped on the great ,yheat ranche::; of 
the United States (Fig. 150). These are the combines, which reap, clean, 
thresh, ,,-innow, and sift the grain::;, separate the wheat from the c!laff, 
eliminate foreign seeds, sort into grades, and bag the grain, leaving the 
bags behind, and finally binding the straw .. ,These huge portable fac­
tories are'dra,,-n by horses or tractors, -and can cut a swath 40.ft, ,,-ide. 
It is possible ,\"ith the aid of only' ejght men to harvest 120 acres daily. 

Wheat'must be stored·in firmly built st'ruGtures to keep out grilbs and 
small pests, and it must be well yentilated. Buildings with a concrete 
wall and floor are best, althougl~ iron is much used .. In the tropics sub­
terranean silos are builL'. The great· grain elevators at the world ports 
are a familiar sight. . Tli~re at:e over 40,000 of .these in the United States 
alone. ' ;-. ., .' .. . 

.~ 5he Millirig of Wheat' . ~ .... ~ - ~ 

In the earliest times the gi·ains ,yere i'braye~i;' between tvm stones; 
then a modal' and p'estle were used, and later millstones operated b}- wind 
or water power. In most of the old mills thei·e was a fixed lowerstone 
upon "whi6h.a. movable uppei: one revolved.' The grains were dropped 
into openings in the upper stone and gl:adually worked out between the 
stones, which' had grinding,:~urfacefl.cut' in l'adiating JiI_J.es. The whole 
graill"\"as. used., . 

Within thq last 65 yeul;s:the:l'bller'process of milling has been perfected. 
The first step in this'process compris'es cleaning and scouring.' This con­
sists of screening, which remoyes all foreign seeds, dust, sticks, straw, and. 
pieces of bran, which might drop off later and get into the flour. The 
grains are then thoroughly washed and scoured. The next step is temper­
ing. This gets the grain into the best condition for milling. A little 
water is added, ,\"hich toughens the bran and prevents its bi·eaking up, so 
that it will flake out all in one piece. Finally the conditioned and 
tempered wheat is submitted {;, breaking, grinding, and rolling. The 
grains are first ground between corrugated iron rollers, the so-called" first 
break." This cracks the grain and partially flattens it. A small amount 
of flour, the" break flour," is separated out by simoes, while the main por­
tion goes to the "second break" for more complete flattening and the 
partial separation of the bran and embryo. This process is repeated 
until fiye sets of rollers, each moving at a different speed, have been 
utilized. In each case bolting separates the ground material from the 
coarse bran. E,-entually all the bran is removed and the purified 
material is passed to smooth rollers for final granulation. It is finally 
bolted with silk cloth, containing 12,000 meshes per square inch, and is 
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then ready for packing (Fig. 151). This final product is the best grade 
of flour, the First Patent. Material that has been separated out is known 
as middlings .. This may· be processed and made into· inferior grades of 
flour, or used for other purposes. Granular particles; midway in size 
between the grain and flour, are known as semolinas. Durum-wheat 
semolina is used for macaroni, and ordinary wheat semolina for far·inas. 

1,'IG. 151. Interior of a flour mill in :'linneapolis, :'linn. Packing the flour for shipment. 
(Reproduced by permission of the Philadelphia Commercial Jhisellm.) . . 

The process described above results in white flouL. In the milling; of 
graham flour the entire grain is used, while in whole.,.wheat flour only a. 
part of the bran is removed. . . 

. Production and Consumption of Wheat 

The world production of wheat in 1947 amounted to 5,775,000,000 bu" 
with 6e United States raising over one-quarter of this amount, and 
Kansas and North Dakota the leading states. The domestic output was 
1,367,186,000 bu., and 74,389,000 acres were cultivated. Other large 
wheat-producing nations are U.S.S.R., China, Canada, India, France, 
Italy, Germany Argentina, Turkey, and Australia. Of these Canada, 
Argentina; ann Australia share with the United States in the export trade. 
Formerly Russia was an important exporter, but, while her production is 
increas~""g under the soviet government, her export trade has fallen off. 
The economic aspects of the wheat industry, both as regards domestic 
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and international trade, are of the utmost importance, and attempts have 
been made by the largest wheat.-growing nations to regulate the produc­
tion and exportation of this, the world's most important crop. 

France leads in the per capita consumption of wheat, followed by New 
Zealand, Australia, the United States, Great Britain, Germany, and 
Canada. In the United States the annual consumption of wheat has 
been estimated at 4>~ bu. per person yearly. 

Wheat Products 

'Wheat products are probably the most widely used articles of human 
diet. In this country they furnish about one-fifth of the total food 
materials of the average family. The flour is used chiefly for making 
bread, and "bread" always means wheat bread. \Vhere other cereals 
are used, the product is called corn bread or rye bread, etc. The hard 
wheats furnish bread flour, while the flour from soft wheats is used for 
cakes, crackers, biscuits, pastry, and similar articles. Other edible 
by-products are breakfast foods, like "Shredded 'Wheat," "Puffed 
\Vheat," "Bran Flakes," and the various fminas; and the pastes, such 
as macaroni, spaghetti, and noodles. In the manufacture of macaroni, 
semolinas are used. These are separated from the flour and bran and 
mixed with 30 per cent water. The resulting dough is kneaded and put 
in a hydraulic press. The dough is squeezed out through holes in the 
bottom. Each hole has a little pin in the center, ,Yith the result that a 
hollow tube of dough is formed. Strings of dough are cut into 3-ft. 
lengths and are dried and cured at a temperature of 70c F. Spaghetti and 
vermicelli are merely small types of macaroni. Noodles are made by 
rolling out the dough into thin strips. Durum wheat is used for macaroni, 
and it is grown chiefly in the U.S.S.R. and the "L-;"nited States. 

\Yheat is also extensively used in the manufacture of beer and other 
alcoholic beverages and industrial alcohol. It is an excellent feed for 
livestock. A special kind is gro\yn for the preparation of starch for use 
in the sizing of textile fibers. Wheat straw excels all other kinds because 
of its very great strength. It is used for seating chairs, stuffing mat­
tresses, and the manufacture of such diverse articles as straw carpets, 
string, beehives, baskets, and ,,·ickerwork. Leghorn hats are straw hats 
made from the bearded wheat of Tuscany. \Vheat straw is also used for 
packing and thatching and as a fodder and manure. The wheat plant is 
also a valuable source of fodder. 

MAIZE 

The Indian corn or maize plant (Zea M a!Js) is America's only contribu­
tion to the important group of the cereals. This species probably origi­
nated in a wild state in the lowlands of tropical South America, whence it 
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spread to the Andes where its cultivation goes back to prehistoric time. 
Grains of maize found in the tombs of the Incas in Peru represent several 
different varieties, so that the plant must have been grown for many 
centuries prior even to the period of the Inca civilization. Thence maize 
proceeded northward and played a prominent part in the civilization of 
the Mayas and Aztecs. It was grown by the Indians in New "Mexico as 
early as 2000 B.C. By the time that America was first visited by Euro­
pean voyagers maize was growing all the way from the Great Lakes and 
the lower St. Lawrence valley to Chile and Argentina. Introduced into 
Europe by Columbus, and into Asia by the earlier Portuguese explorers, 
maize has taken hold wherever the climate "would permit and has no,\, 
spread all over the ,'.-arId. Even under primitive conditions of agri­
culture large yields are possible and the plant has always been a popular 
one. Because of a confusion of terms, it is more desirable to use the 
word "maize" than "corn" in referring to this plant. In the United 
States "corn" always means maize, but in other countries "corn" is 
used for all the cereals, and may mean any hard edible seed, grain, or 
kernel. In England, for example, an ear of corn means a head or spike 
of wheat. It was only natural that the eaTly colonists in America should 
have called maize" Indian corn." Maize is known as Turkish wheat in 
Holland, as Spanish corn in France, Egyptian corn in Turkey, Syrian 
dun·a in Egypt, and mealies in Africa. 

Characteristics of Maize 

Maize is the la~·gest of the cereals (Fig. 152), a tall annual grass attain­
ing a height of from 3 to 15 ft. The jointed stem is solid and contains a 
considerable amount of sugar when young. The leaves are large and 
rather narrow, with wavy margins. In addition to the extensive fibrous 
root system, aerial prop roots are usually formed at the base of the stem. 
Two kinds of flowers are produced. The tassel, at the top of the stem, 
bears the staminate flowers, while the cob or ear with the pistillate flowers 
is produced lower down on the stalk and so is pl'otected by the leaves. 
Each ovary has a long silky style, the corn silk. The ovaries, and con­
sequently the mature grains, are produced in rows on the cob. The cob 
is surrounded by a husk composed of leafy bracts. The grains consist of 
the hull (6 per cent), protein or aleurone layer (8 to 14 per cent), endo­
sperm (70 per cent), and embryo (11 per cent). Two kinds of endosperm 
are usually present: a hard, horny yellow endosperm and a soft white 
starchy endosperm. 

Kinds of Maize 

No wild species of the genus Zea are known today. The original 
ancestor was probably a pod corn and gave rise through a process of 
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cYolution, which pl'obably involved hyhridization wit.h some species of 
Tripsacwn, to the present-day maize plant, and its nearest relative, the 
teosinte (Ellchlaclla 1IlCXicalla) of :Mcxico, as 'yell. l'vlaize is well adapted 
to breeding experiments, and even the Indians hadlearncd how to select, 
produce, and preserve the best varieties, which have given rise to the 
easily cult.iyated and rapidly maturing types of today. 1\ 0 other cereal 
has so many forms. These fall into seven quite distinct classes, (Fig. 
153) which breed true to type. Although they hybridize readily, there 
are surprisingly few intermediate types in nature. These classes, differ­
ing chiefly in the nature of the endosperm and the shape of the grain, have 

FIG. 152:' A field of maize (Zea Jlays) in Connecticut. (Courtesy a/the Connecticut Agri­
cultural Expcrime1lj Station !II Xew llQl'en.) 

been considered by some authorities to be species and by oth~rs to be 
varieties (sec appendix). They should more properly be considered as 
merely agronomic groups. They include: 

Pod Maize. In this interesting type each grain is covered with a husk, 
in addition to that which covers the whole ear. The plant is exceedingly 
leafy and the tassels are very heavy. The grains may resemble those of 
any of the succeeding types, suggesting that pod maize must be very 
close to the primitive form from ,vhich the others have been derived. 
Obviously this type of maize is of no commercial value owing to the 
presence of the individual husks. 

Pop Maize. The grains in this type are usually elongate and oval, and, 
although small in size, they are very hard and flinty with a tough hull. 
The endosperm is mostly of the hard glossy variety. 'When the dry 
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grains are exposed to a high temperature, they explode, forming a sno\v­
white fluffy, palatable mass. This phenomenon is called "popping" and 
is caused by the sudden expansion of the soft endosperm, which results in 
the grain's turning inside out. Several theories have been advanced to 
explain this. It is probably due to the expansion of the moisture content 
of each individual starch grain after partial hydrolysis during the heating 
of the grain. For a time the swelling endosperm is confined by the 
flinty protein layer, but eventually this breaks and the sudden release of 
pressure causes the endosperm to become everted about the embryq and 
hull. The presence of too much white endosperm prevents popping. 

FIG. 153. Representative ears of the six kinds of maize. From left to right the ears are: 
pop, sweet, soft, flint, dent, pod. 

Two kinds of popcorn occur: rice popcorn, in which the grains are pointed 
and tend to be imbricated; and pearl popcorn, in. \yhich the grains are 
rounded and very compact. The plants produce a large number of small 
ears. This type of maize was probably grown in prehistoric. time. 
Today some 25 different varieties are grown. for. human consumption. 
Most of the crop is local, and there is but little commercial production. 

Flint Maize. In flint maize the embryo and white endosperm are 
entirely surroun.:led by the hard endosperm so the grain is not dented. 
The plants reach a height of from 5 to 9 ft., and have a tendency to be two 
eared. The ears are long and cylindrical with hard smooth grains in from 
8 to 16 rows. The grains are likely to be of different colors. Flint maize 
matures early, and so is grown in New England and adjacent areas, 
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Wisconsin, and other Northern states. It is a very old type. Some 70 
yarieties are grown. 

Dent Maize. In dent maize the white endosperm extends to the top' 
of the grain, and the hard endosperm is present only on the sides. This 
results in an indention of the mature grain at the top, due to the shrinking 
of the soft material. This is the largest type, the stems attaining a height 
of from 8 to 15 ft. The plants produce a single ear. The ears are very 
large, up to 10 in. in length and weighing % lb., and with sometimes as 
many as 48 rows. The deep wedge-shaped grains are usually yellow or 
white. Dent maize is the principal type grown in the Corn Belt as it has 
an enormous yield. It is the source, not only of most of the commercial 
grain, but of most of the fodder and cnsilage as well. About 325 varie­
ties ha\"e been developed. 

Soft or Flour Maize. In soft maize the hard endOsperm is entirely lack­
ing, This type is very old and was extensiyely cultivated by the Indians 
because of the ease with which it could be crushed. The grains resemble 
flint maize in shape an_d appearance, but the size vai'ies from small forms 
to the large Cuzco variety of Peru, which are%, in. or more in diameter. 
About 27 kinds are known. Soft maize matures very late in the season. 
It is not grown .on a commercial scale in the United States. , 

Sweet Maize. Sweet maize llas the entire endosperm transluccnt or 
horny, and the starch has been more or less changed to sugar. The grains 
are broad and' wedge-shaped with a characteristically wrinkled surface. 
Th~"plant is adapteCl to the cooler areas, and is the chief type grown in 
the ',.:\ orih Atlantic and Central states for canning purposes.' The grain 
is used in the unripe state. :'dore than sixty varieties ha~'e been de\'~loped. 

Waxy Maize. In this type the endosperm is of a waxy nature and the 
carboh},drate material occurs in a different form from that in the other 
varieties and furnishes a satisfactory substitute for tapioca. The starch 
is entirely amylopectin, whereas ordinary cornstarch is a mixture of 
amylopectin and amylose. 

The Cultivation and Harvesting of Maize 

l'vIaize is distinctly a summer annual and requires very definite environ­
mental conditions for its proper development. The best soil is a fertile, 
friable, well-drained alluyium, such as the deep, warm, black loams along 
river bottoms and in drained swamps. These soils must have a high 
organic and nit.rogen content, and must not bake out. In addition to 
soil, temperature, sunshine, and moisture are limiting factors. The 
temperature of both the air and soil is important, especially during the 
growing season from .;\Iay to September. A mean average summer 
temperature of 75°F. is the best, and it should not fall below 66°F. 
Sunshine is essential, and too many cloudy days are bad. Moisture is 
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also very necessary. The optimum amount is a 20-in. annual rainfall 
coming mostly in summer. A great difIerence in the habit of growth is 
correlated "'ith different climatic conditions, and there are varieties 
adapted to each type.. A continental climate is most favorable. The 
growing season of maize varies from gO to luO days, depending on. the 
locality. l\Iaize does not mature north of 50°, although it can be grown 
as a fodder crop beyond that latitude. 

Comparatively few regions have the right combination of the necessary 
environmental conditions so that maize can be raised as a commercial 

crop on a large scale. The principal maize-growing regions of the "'odd 
include the east central and middle western United States; the Mexican 
plateau j the Argentine pampas j the highlands of Brazil j the basins of 
the :Canube, Dnieper, and Po rivers in Europe; northern India; China 
and Manchuria; French Indo-China; Java; the Nile valley; and South 
Africa. The one outstanding area is the great Corn Belt of the lInited 
States, heated in the :Mississippi valley in the states of Illinois, Indiana, 
:Missouri, Iowa, Kansas, and Nebraska. Here the optimum conditions 
for development are found: a mean summer temperature of from 70 to 
80°F., with night temperatures above 58°F.; no frost for 140 days; and 
an anllual precipitation of from 25 to 50 in., at· least one-fourth of which 
comes in July and August. 
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In gro"'ing maize the fields must be well plo"'ed and harro\\"ed. The 
seed is planted to a depth of 1 to 3 in. in regularly spaced rows. Constant 
weeding and hoeing are necessary, care being taken not. to injure the 
roots. The usc of fertilizers and the rotation of crops are advisable. 
l'IIaize has comparatively fe\\" enemies. The corn borer is the worst 
insect, and corn smut is the most serious of the fungus pests. Drought, 
however, may cause yery serious damage. 

Considering the long period of culti\'ation, until recently there have 
been very few changes in the method of harvesting (Fig. 154). On i'mall 
farms the ears arc still husked by hand directly in the field, and then 
cattlc are turned in to graze. On the larger farms the maize is cut with a 
corn knife or a machine. The stalks are'stacked to permit the grain to 
ripen further. After a month of this curing process, the ears are husked 
by machine. :Model'll mechanization has made it possible for one man to 
plant, cultivate, and harvest 120 acres. l\Iaize must be stored in well­
ventilated bins, so that excess moisture will eYaporate, and proper protec­
tion must be taken against rodents and other small pests. 

Uses of Maize 

Maize is utilized in more dh'ersified \mys than any other cereal. The 
chief use is as a fooel for li\'estock, about one-half the crop being used for 
this purpose. The grain is yery nutritious, with a high percentage of 
easily digested cai'bohydrates, fats, and proteins and very few deleterious 
substances. The pork industry in the United States is dependent almost 
entirely on maize and uses about 40 per cent of the total amount raised. 
Cattle, horses, and other domestic animals are also fed on maize. It has 
been estimated that 10 to 12 lb. of corn is converted into 1 lb. of beef, 
while 5 or 6 lb. yields 1 lb. of pork. About 85 per cent of, the maize crop 
is used on the farms where it is raised. Not only is the grain valuable as 
a stock feed, but the plant as a whole is an important fodder crop. It is 
used green, dried, or as silage. For the latter purpose the leaves and 
stems are cut into small pieces and placed in silos, large receptacies with 
airtight sides and bottoms. Here a slight fermentation takes place, and 
the resulting product is more palatable for cattle. Stover, the residue 
after the ears have been removed, is also fed to cattle or used for silage. 

J\hize is not very important as a food for man. Cornmeai is a poor 
breadstuff, owing to the absence of gluten, and corn bread is very crumbly 
and cannot be baked in loaves. The meal was first prepared by merely 
pounding the grain; later millstones were used, and now a milling process, 
involving the use of rollers, has been substituted. The whole grain was 
formerly used in milling, but the fatty oil, present in the embryo, gaye an 
unpleasant odor and taste to the meal. In modern processes the embryo 
and bllll are rern()w~(l. Both white and yellow meal are milled. Corn-
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meal has many uses in other countries, and in the southern United States. 
When boiled with water, it becomes mush, or hasty pudding, the Italian 
polenta. It is often baked in cakes, such as johnny cakes, ash cakes, 
hoe cakes, corn pone, and the Mexican tortillas. For corn bread the 
meal is usually mixed with wheat or rye flour. Scrapple is cornmeal that 
has been boiled with scraps of pork, liver, and kidney, and then seasoned 
and fried. Hominy or samp and hulled corn are prepared by soaking 
the grains in the lye of wood ashes to remove the hull, and then cooking 
until soft. Small portions of the hard endosperm obtained during the 
milling process constitute hominy grits. The grain is also used in the 

i preparation of many breakfast foods. In the United States much corn 
on the cob is eaten, and sweet corn is extensively canned, the 1948 pack 
amounting to over 750,000,000 cans. 

The industrial uses of corn and corn products are of increasing impor­
tance, 100,000,000 bu. being used annually for this' purpose. The manu­
facture of cornstarch and its derivatives, glucose or corn syrup, corn 
sugar, dextrins, alld industrial alcohol; and the production and uses of 
corn oil, obtained from the embryo, have already been discussed. The 
grain is used for making various alcoholic beverages. The fibers in the 
stalks have been used for making paper and yarn; the pith for explosives, 
as a light packing material, and formerly for upholstery; the inner husks 
for cigarette papers, after being boiled in sugar, pressed smooth, and 
dried; and the cobs for fuel, smoking pork products, pipes, and as a source 
of charcoal and furfural, the latter a raw material used in making solvent$, 
explosives, plastics, synthetic rubber, and nylon. Zein, the protein 

I 

occurring in maize, is. now being made into artificial fibers: with good 
tensile strength and woollike properties. I .. , 

Production of Maize 

The United States normally raises nearly one-half of the world's supply 
of maize. Iowa and Illinois are the leading states. In spite of the fact' 
that its commercial production is restricted, maize has the widest range 
of any crop and is grown in every state and on 75 per cent of the farms of 
the nation. 

On0 of the most important innovations in the history of American 
agriculture has been the utilization of hybrid seed which has greatly 
increased the production of maize in recent years. In 1947, Iowa's 
entire a~reage and 72 per cent of that of the rest of the country were 
planted with this type of seed. 

Hybrid seed (Fig. 155) is produced by crossing two carefully selected 
superior inbred strains. The first generation single crosses are uniform 
in siz0 ~ike the parents, but the ears are small. They are especially suit­
able for the production of sweet-corn seed. Double-cross hybrids, how-

.\.(, 
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ever, resulting from combining two single crosses, are exceptionally 
vigorous and produce larger, though still uniform ears, with from 15 to 20 
per cent more kernels. The yield from hybrid seed is increased from 5 

FIG. 155. Hybrid corn. UPPCl' roll', ears 
of inbred strains; middle TaU" single-cross 
hybrids, resulting from crossing pairs of 
inbred strains; lower rOlC, double-cross 
hybrids, obtained by crossing two single 
crosses. These cars ure large, very uni­
form, and exceedingly productive. A plen­
tiful seed source is available in the single­
cross parents. (Courtesy of the "'Iassa­
ch1l8ctts Horticultural Society.) 

to 25 bu. per acre. The raising of 
hybrid coI'n and the production of 
the seeds have become an impor­
tant new enterprise. 

The maize production of the 
world in 1946 was 5,265,000,000 
bu., of which the United States 
was responsible for 3,249,950,000 
bu., grown on 88,489,000 acres. 
China was the second largest pro­
ducer, followed by Argentine, Bra­
zil, India, Mexico, South Africa, 

. Italy, and the U.S.S.R. 

RICE 

In tropical countries rice replaces 
all other cereals as the staff of life 
and dominates the economic and 
social existence. As a matter of 
fact rice is an indispensable food of 
over half the population of the 
world. This statement may seem 
to be extreme until we remember 
that the most important rice-eating 
countries are all densely populated. 
China "'ith 400,000,000 people, 
India with 300,000,000, Japan with 
50,000,000, and Java with 40,000,-
000 are only four of the countries 
in \"hich the growing of rice is 
the chief agricultural industry. 
Ninety-fiye per cent of the world 
crop is produced in the Orient. 

The cultivation of rice extends back into the dim past with no authentic 
records as to when it began. The plant originated somewhere in South­
eastern Asia, but during its long period of cultivation it has spread to 
every warm region of the world. The history of rice and the history of 
China are closely interwoven. The Chinese were the first to cultivate 
rice, and their records go back for 4000 years. They have always con­
sidered it of great importance, and many ceremonies have arisen in con-
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nection with planting and harvesting. In classical Chinese the words for 
agriculture and rice culture are synonymous, indicating that rice was the 
staple crop at the time when the language was taking form. In other 
languages the words for rice and food are identical. Rice was introduced 
into India before the time of the Greeks; and very early reached Syria 
and Northern Africa. The first rice was grown in Europe in 1468 in 
Italy. The first rice in America was grown in South Carolina in 1694 
from seed brought from Madagascar. 

Characteristics of Rice 

The rice plant is a large annual grass growing to a height of from 2 to 4 
ft. Instead of bearing an ear, rice produces a panicle, an inflorescence 

FIG. 156. Herbariu·m specimen of rice COryza sativa). The inflorescence of rice is a 
panicle. 

(Fig. 156) composed of a number of fine branches, each terminating in a 
single grain surrounded by a husk. The grains are readily detached 
together with this brown husk. In this condition it is known as paddy. 
Common rice is Oryza sativa. This species has developed countless 



316 ECONO.1I Ie BOTANY 

Y~wieties under cultivation. There are said to be 1107 in India alone, 
and 1300 more in other countries. These differ in the color, shape, size, 
flavor, and other characteristics of the grain. One of these types con­
tains a sugary substance instead of starch, which forms a soft, sticky, 
palatable mass on boiling. This plant is grown to some extent. Other 
species of Oryza occur as wild plants in the tropics of both hemispheres. 

Cultivation of Rice 

Rice is primarily a plant of the hot moist tropics. It prefers a climate 
\\"here the average summer temperature does not go belm\' 77°F. It 

FIG. 157. Terraced rice paddies at Leptano, Bontoc, Philippine Islands. 

grows best on damp soils underlaid with a semi-impervious subsoil in 
places where it can be flooded. The delta and flood plains of the mon­
soon region are particularly favorable. One type of rice, the upland or 
hill rice, can be grown \yithout irrigation like any other crop, but this 
ordinarily is of little importance. In Central and South America, how­
ever, it is the only kind grown. Elsewhere the lowland rice, which has 
to be flooded during part of its development, is grown almost exclusively. 
Rice culture in wet areas is much the same the world over. In many 
countries where land is cheap, primitive methods of agriculture are used. 
In other countries rice cultivation has had it remarkable development, 
and even steep hillsides are utilized by the construction of terraces (Fig. 
157). The fields are plowed or hoed and the rice is sown broadcast or 
transplanted from seed beds when 9 or 10 in. high. The young plants 
are covered with water, at first only at night, but later all the time, and 
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the water is kept in circulation. As soon as ripening starts, the water 
is drawn off and the field is allowed to dry out. Rice is harvested much 
as wheat is and the stalks are stacked up to dry. There may be two or 
three crops a year. In the United States it is possible to use machines in 
harvesting the crop, which greatly reduces the expense. 

Milling of Rice 

The grains of rice are removed by threshing or by drawing the stalks 
through narrow slits. ·When rice is to be used directly for daily con­
sumption, it is left in the" paddy" condition, since it keeps much better. 
The grains are husked just before they are to be used, and are then 
pounded in a mortar with a wooden mallet and winnowed. The resulting 
grain is very nutritious for it contains considerable protein and fat as well 
as starch. 

In the commercial preparation of rice the impurities are removed and 
the paddy is passed between millstones to break up the husk. This chaff 
is removed by blowers. The grain is then pounded in huge "mortars and 
a portion of the bran layer and embryo is removed. The waste is· known 
as rice bran. The white rice is then scoured by friction and polished and 
a coating of glucose, talc, or chalk is added.. During these last processes 
the outer, more nutritive parts of the grain 'are removed: The rice polish 
which is left as a residue is twice as nutritious as the finished, product. 

Uses of Rice 

The chief use of rice is as a food, and more peopleuse it than any ~ther 
grain. Because of an insufficient pl:otein content, rice should be supple­
mented by legumes or some other food'rich in proteins. A diet of rice 
and soybeans constitutes the food of millions of Asiatic natives. The 
polished rice, "\\"hich reaches the world markets, is much less nutritious, 
but its use is increasing. Rice hulls and rice polish are valuable as stock 
feed and are of increasing importance in industry. The straw may be 
plaited and made into hats, shoes, and other articles. Rice starch is 
much used in Europe. In several tropical countries intoxicating bever­
ages w'e made from rice. 

Production of Rice 

In 194G the world production of rice was G,972,000,000 bu., China "\vas 
responsible for 2,253,921,000 bu., and India and Pakistan 2,OG3,673,000 
bu. Other important rice-producing countries were Japan, Java, Indo­
China, Thaiiand, Burma, Brazil, Korea, the Philippine Islands, and the 
United States. Rice is also grown in Egypt and other African countries, 
"\yhile Italy leads in European production. 
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In the United States rice is grown chiefly in Louisiana, Texas, Cali­
fornia, and Arkansas. Formerly the Carolinas produced the best rice, 
but the crop has not been important since the Civil War. Louisiana, 
however, has developed a great industry and today produces almost one-

~- -----, 
! 

half the total domestic crop. California has grown rice only since 1903. 
The heavy clay soils of the Sacramento and San Joaquin valleys have 
proved to be well adapted to the crop and it is of increasing importance 
(Fig. 158). The If)-!G output of rice in the United States amounted to 
72,216,000 bu., sufficient to supply all domestic demands and leave a con­
siderable amount available for export. 



CHAPTER XV 

THE MINOR CEREALS AND SMALL GRAINS 

BARLEY 

Barley is of great antiquity as a cultivated cereal and was used for 
bread even before wheat. Pliny clai~ed thatit was man's most ancient 
foodstuff, and some modern scholars consider it"the oldest of all cultivated 
plants. It was known to all the ancient civilizations of the Old \Vorld, 
and the Lake Dwellers of Europe were familiar with no less than three 
kinds. Barley, according to Vavilov, probably originated in the arid 

FIG. 159. Harvesting 'winter barley with a cradle. 

lands of Southwestern Asia, Northern Africa, and also in Southeastern 
Asia. It reached the Western Hemisphere in the sixteenth or seventeenth 
century. 

Barley is an hnnual plant, tending to become perennial. It is related 
to wheat and resembles the latter in many respects. It seldom reaches 
more than 3 ft. in height (Fig. 159). The inflorescence is a dense head 
with th'ee sessile spikelets alternating at each joint of the straight axis. 
:Most barleys are conspicuously bearded, though some are naked. The 

319 
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grains, which are often colored, remain enclosed in a husk formed by the 
sub tending scales. The structure of the grain is similar to that of the 
other cereals. 

The genus IIordellm, to which barley belongs, contains about 20 species, 
mostly weeds of temperate regions. As in the case of other plants that 
have been cultivated for centuries, there are a great number of present­
day forms of our cultigen, H. vulgare. The classification of these different 
species, or varieties, of barley is particularly difficult, and no two author­
ities agree on all points. Hmyever, there seem t<;> be two ,yell-defined 
groups, the six-rowed forms and the t,yo-rowed forms. In the former 
(H. vulgare and H. intermediwn) , all the spikelets are fertile. In the 
latter (H. distiehon and H. defieiens) , the lateral spikelets are sterile, so 
that only two rows develop. The ancestor of barley may have belonged 
to either of these two types. The wild barley (H. spontanewn) of , Vest ern 
Asia is considered by many to be the progenitor of our cultivated forms; it 
is also possible that there may have been two ancestral species. 

Barley is very hardy and has a short growing season so it can be grown 
at high altitudes and latitudes. It is adapted to a wide variety of soils 
and climates. It is grmyn in the Rocky Mountains at an altitude of 7500 
ft. and in the Andes at 11,000 ft. In Alaska it reaches a latitude of 65°X.L., 
while in the U.S.S.R. it is grown up to the shores of the Arctic Ocean. 
Barley, however, is not confined to cold regions, for it is an important crop 
in France, Turkey, and even semitropical California. Both winter and 
spring barley are grown. The principal barley centers are China and 
Japan; the U.S.S.R., Turkey, and Rumania; Western Europe; northern 
India; California and the northern prairie states. 

Until the sixteenth century barley ,n1s the principal source of bread 
flour, and it has remained a staple food in Northern countries until 
comparatively recently. In the most prosperous countries it has now 
been supplanted by the more palatable wheat. The nutritive value of 
barley is considerable, though a deficiency in gluten makes it a. poor 
breadstuff. Unleavened barley cakes, hO\ye"er, are a favorite food of 
the rural classes in Scotland and other X orthern countries. The husk is 
ground off, yielding pot barley, and, if more of the grain is ground, the 
familiar pearl barley results. This is much used for soups. Barley is 
also used for breakfast foods and children's food. The six-rowed kinds, 
which have a higher protein content, are used for food purposes, both for 
man and for animals. 

The chief utilization of barley today is as a feed for livestock. From 
20 to 25 per cent of the crop is used as a source of malt to be used for 
alcohol, '''hisky, beer and similar beverages and various malt extracts and 
breakfast foods. For this purpose the two-rowed types, ,yith a low pro­
tein content, a softer, mealy endosperm, and thin hull, are preferable. 
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The preparation and use of malt will be discussed later. Barley is also 
used for hay and pasturage and as a smother crop to kill out weeds. The 
straw is used for stock feed and bedding. 

The Soviet Union usually leads the world in the production of barley, 
with China, the United States, or Germany as its closest competitor. 
The 1946 world production was 2,087,000,000 bu. The United States 
furnished 262,258,000 bu. The northeastern section grows the six-rowed 
kind, the Northwest the two-rowed, and the rest of the country both 
kinds. North Dakota, California, and South Dakota are the leading 
states. India, Spain, Canada, and Japan are also important producers of 
barley. 

RYE 

Rye (Secale cereale) is of more recent origin than the other cereals. S. 
lIlontan1l1n, a wild species of Afghanistan and Turkestan, is thought by 
some authorities to be the wild ancestor. Others consider S. anatolicum 
of Asia Minor to be the progenitor. In any event rye is probably a native 
of the Black and Caspian Seas region of Central Eurasia. It has been 
cultivated for a much shorter time than the other cereals. There are no 
traces of it among the ruins of Egypt or the Lake D\vellings, although the 
plant was known to the Greeks and Romans. 

Rye (Fig. 160) is related to both barley and wheat, and resembles the 
former in habit; its grain looks like that of wheat. The stalks are slender 
and tough, reaching a height up to 6 ft. The leaves are somewhat bluish. 
The heads consist of a large number of spikelets, which are produced 
singly at the joints of the axis, and each one contains two fertile flo,,;ers. 
The grains have a normal structure. Rye is a very constant plant, and 
there are only a few varieties. 

Rye is the most adaptable of the cereals. It will produce satisfactory 
crops in regions of severe winter temperatures and at high altitudes. It 
does well on poor soil and in arid areas, and has been called the" grain of 
poverty." In spite of this, rye thrives best on more fertile soil and in a 
mild cHmate. . 

Rye is primarily a plant of Europe, where 90 per cent of the world's 
crop i3 produced and consumed. It is used there chiefly for bread, as the 
grain contains gluten. Rye bread, known as schwarlzbrot or black bread, 
is dark colored and soggy and has a bitter flavor. Until the middle of 
the last ceatury it was the chief food of a third of Europe's population. 
Rye was an important bread crop in America until after the Revolution. 

Rye is also used for hay and pasturage, as a winter cover to prevent 
erosion and leaching, as a sand binder, and in crop rotation. The straw 
is valuuble, for it is very tough, and is in demand for hats, bedding, pack­
ing purposes, and the manufacture of paper and various other straw 
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products. The grain is used for stock feed and as a source of whisky and 
alcohol. The 1946 world output ,,·as 1,380,000,000 bu. The U.S.S.R. 
has long been the chief producing country, e,·en when only primitive 
methods of cultivation and harvesting were in vogue. Germany, Poland, 
and Czechoslovakia also produce large amounts. In the United States 
rye is ordinarily of little importance, the production in 1946 amounting to 
only 18,879,000 bu. The annual output, however, has been as high as 
56,938,000 bu. X orth Dakota, South Dakota, 1\ ebraska, and l\iIinne­
sofa, are the leading states. Two-thirds of the crop is fed to animals and 

FIG. 160. A field of rye (Sceale ecreale) in South Carolina. 

the remainder is used for flour, whisky, or alcohol. ~\vith us rye flour is 
mixed with wheat for breadmaking. In some years considerable amounts 
are exported. 

OATS 

The oat plant (Avena sativa) has never been found in a wild state, 
although it frequently escapes from cultivation and becomes established 
,yith such ease that it may appear ,yild. Consequently it is difficult to 
determine the native home of oats or the wild ancestor. Oats probably 
had a multiple origin, some coming from Abyssinia, others from the 
~Mediterranean area, and still another from China. They were grown by 
the Lake Dwellers, though not by the early l\Iediterranean nations. 
There are se,'eral wild species of Avena, two of which, A. jatlta or A. 
brevis, may be the ancestors of the cultivated forms. 

Oats vary in height from 2 to 5 ft. The leayes arc abundant and bluish 
green in color. The inflorescence is a one-sided or spreading panicle 
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(Fig. 161) which may be either erect or drooping. The panicles contain 
some 75 spikelets, which are two- to many-flowered and which are pro­
tected by long pendant outer scales'. The grain, which is surrounded by a 
hull formed by the inner scales, except in the so-called naked varieties, 
contains two aleurone layers. 

Several species of oats are cultivated. The most important is Avena 
sativa. This species is quite variable and has been much improved by 

; 

I 
FIG. 161. Heads of oats (Avella sativa) showing types with a spreading and 'With a onc­
sided panicle. (Reproduced from U.S.D.A .. Farmers' BIl11etin 424, Oats: Growina the Crop.) 

breeding and selection. Other cultivated forms are the side oat (A. 
orientalis) , the red oat (A. byzantina), the naked oat (A. nuda), and the 
short oat (A. brevis). 

Both spring and winter oats are grown, the latter in regions of mild 
winters, such as California and the :Mediterranean area. Spring oats 
are best adapted to cool moist climates, such as occur in Northern Europe 
and the northeastern United States. Oats can be grown \\,ith profit 
farther l'orth than any other cereal except rye. They reach a latitude of 
69 degrees in Alaska and 65 degrees in Norway. An island climate is 
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particularly favorable. In Scotland a third of all the cultivated land is 
devoted to this crop, and in Ireland half the land. Oats prefer heavy 
soils, but they can be gro\\"n on any tillable soil, even poor and exhausted 
ones. They have a high water requirement and so are not profitable in 
regions of high temperature unless plenty of water is available. Drought 
often causes great damage. 

Oats are sown broadcast and are cultivated and harrowed. They are 
often planted with other crops. They may be harvested when the leaves 
are still green and when the grain is not fully ripe. The quality is 
improved by stacking and capping the stalks. Oats are cut, like hay, 
with a scythe or a machine. 

Oats are the most nutritious of all cereals for human use as they have a 
high fat, protein, and mineral content. Oatmeal has long been popular. 
It is a good food for muscle building, and because of its high energy con­
tent is especially well adapted for use in cold weather, and by people who 
lead an active outdoor life. The protein material does not occur in the 
form of gluten, so oatmeal is not a good bread flour. It is used chiefly III 
cakes, biscuits, and breakfast food. Oatmeal is prepared by grinding 
the grains rather coarsely between stones. The more popular rolled 
oats are made more carefully. Grains are thoroughly cleaned and kiln 
dried, and are then graded by size and run through millstones which 
grind off the husk. After the pieces of husk have been removed by suc­
tion, the groats, as they are called, are softened and crushed by rollers 
in steam chests. 

Oats constitute the chief grain food for horses, and may be used for 
any other domestic animal except pigs. Over 70 per cent of the domestic 
crop is used directly on the farms where it is produced. Oats are also 
grown for hay or green forage, and are frequently used in crop rotation or 
as nurse plants. . 

The united States usually leads the "wrld in the production of oats. 
Few plants are more widely grown and the area of cultivation is increas­
ing. Of the 3,920,000,000 bu. produced in 19.,16, the United States 
accounted for 1,497,904,000 bu. Iowa, Minnesota, Illinois, and "\Viscon­
sin lead, although oats are grown in every state in the union. The Soviet 
Union, which sometimes outstrips the united States, Canada, Germany, 
France, the United Kingdom, and Poland are important oat-producing 
countries. 

THE SMALL GRAINS 

SORGHUM 

The sorghums include a large number of widely cultivated grasses, 
known under a confusing variety of common and scientific names. These 
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plants ,yere among the first of the wild species to be domesticated by man. 
Sorghum ,yas grown in Egypt prior to 2200 B.C., and has continued to be 
an important crop in that country ever since. It was cultivated in 
China and India at an early date. From their nativ:_e home in Africa and 
Asia the sorghums have been dispersed to all warm countries, in temperate 
regions as well as in the tropics. Although somewhat less nutritious than 
maize, they constitute a staple food for millions of native peoples in 
Africa and Asia. Sorghums are also used for stock feed and forage; in 
the manufacture of brushes, syrup, and paper; and in the Orient for 
many other purposes. 

The plants are tall coarse annuals, growing to a height of from 3 to 15 
ft., and resembling maize in habit. The inflorescence is a dense head or 
panicle, and the grains are smaller and rounder than those of the true 
cereals. The root system is shallow and t,,-ice as extensive as that of 
maize, and the leaf area is only half as great. These facts, together with 
the highly absorptive nature of the roots and the ability of the leaves to 
roll up in dry weather, enable the plants to withstand a great amount of 
heat and consequent evaporation. Their low water requirement renders 
them exceedingly drought-resistant, so that they are well adapted to 
semiarid and arid regions where maize will not grow. 

In the United States the cultivated sorghums ani usually referred to a 
single species, Sorghum vulgare. This has been derived from the -peren­
nial Johnson grass (S. halepensis) , an Old World species gl;own as a 
forage grass in the warmer areas of both hemispheres. Elsewhere many 
of the varieties are likely to be considered as distinct species. Four types 
of sorghum are grown in this country. These include the gra·ss sorghums, 
such as the Sudan grass (val'. sudanensis) alld the Tunis grass (S.· vir­
gatwn), used entirely for hay and pasturage; the broomcorns, used in the 
manufacture of brushes; the sweet or saccharine sorghums, used for forage 
and making syrup; and the grain or nonsaccharine sorghums, which are 
cultivated for the grain and to some extent for forage. There is some 
evidence that both the sweet and grain sorghums were known to the 
early colonists, but the plants failed to become established. They have, 
however, become increasingly important since the middle of the last 
century and today rank in seventh place among American crops. About 
20,000,000 acres are devoted to sorghums. 

Broomcorn 

In the broomcorn (var. technicwn) the stems are dry and the inflores­
cence is a long, loose, much-branched panicle (Fig. 18) with a short axis. 
The spikelets are small and produce reddish-brown seeds. The use of 
the elongated branches of the panicle in the manufacture of brushes and 
brooms hhs already been discussed. The broomcorn was probably 
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ucrived by selection from a s\Yeet sorghum. It has been cultivated in 
Italy, Hungary, and other EUl'Opean countries for centuries, and has been 
grown in the rnited States since 1707. ~\t the present time the greatest. 
acreage is in Illinois, Oklahoma, I\:ansas, and Colorado. 

Sweet Sorghums 

The s\\'eet sorghums (\"a1'. saccharatulIl), also known as sorgos or forage 
sorghums, are tall leafy plants with an abundant s\Yeet juice. Their 
utilization as a source of syrup has been referred to. They are also 
extensively used for forage and silage. The black amber sorgos are of 
Chinese origin and were introduced into the United States in 1853 from 
France. The other types, promincnt among ,,'hich are sumac, gooseneck, 
and orange, originated in South Africa and \\'ere brought into the Caro­
linas and Georgia from Natal in 1857. Although fairly widely cultivated, 
sorgos are most important in the· Great Plains and Gulf States areas. 
Sumac is the leading variety. 

Grain Sorghums 

The grain sorghums are more stocky than the s\\'eet sorghums and have 
a dry or only slightly juicy pith. Their commercial production in the 
United States dates from 1874 \\'hen duna \\'as introduced. This was 
followcd by kafir in 1876, milo in 1880-1885, shallu in 1800, the kaoliangs 
from 1898-1910, feterita in 1906 and 1908, and hegari in 1908. Today 
some fifty different kinds are grO\\'n, including many hybrids. These 
sorghums are particularly well adapted to the conditions of soil and 
climate which prcvail in the southcrn Great Plains and parts of the 
Southwest. In 19·16, 106,941,000 bu. \Yere produced, principally in. 
Texas. The grain is fed to all kinds of li\'estock, and the plants are also 
used for forage. In other countries these sorghums furnish a staple food 
for man, as well as for other animals, and have many industrial uses as 
well. During the Second W orId 'Val' a large amount of sorghum was 
used in making industrial alcohol, \\'hisky, beer, an edible oil, and starch. 
The utilization of sorghum for such purposes is also a part of our present­
day economy. 

Durra. The durras are the chief type of grain sorghum in Pi orthern 
Africa, Southwestern Asia, and parts of India, and millions of acres are 
cultivated. They are of comparatively little importance in this country, 
how8\·er. The plants have dry stems; compact, goosenecked, bearded 
heads; and flattened seeds; they mature early. The classification of this 
group has been especially chaotic for milo, feterita, and other forms have 
often been included. The three forms grown in the rnited States at 
present probably represent two distinct varieties. The ,,'hite durra (val'. 
cemllll1n) was at one time very popular and was grown under the name 
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of Egyptian corn or Jerusalem corn. The plant is still grown in Cali­
fornia ,,-here the seeds are a favorite poultry feed. A dwarf form is some­
what more in demand. The brown durra (var. dllrra) is also grown to 
some extent in California. 

Kafir (var. ca.ffrorwn). Kafir corn, as it is often called, is a native of 
tropical Africa but has spread all over the world. It is an important flJod 
plant and many forms are grown. Its peculiar and characteristic flavor 
is not appreciated in this country, but it is highly nutritious and is 
similar in maize in composition and digestibility. The kafirs are stout, 
stocky plants from 4 to 7 ft. in height. The leafy stems have a slightly 
acid juicy pith, and so are valuable for forage. The inflorescences are 

FIG. 162. A field of milo (Sorghum vulgare var. sllbglabrescens) in Texas. The plants are 
from 4 to 5 It. in height. (Reproducedjrom U.S.D.A. Farmers' Bulletin 322, Milo as a Dry­
Land Grain Crop.) 

long, slender, cylindrical, beardless heads, which produce small, oval, 
white or colored seeds that are late in maturing. Some 12 varieties of 
kafir are grown in the United States, with Kansas, Texas, andOklahoma 
the leading states. Standard Blackhull kafir is the most important of 
all the grain sorghums. 

Milo (var. subglabrescens). The milos (Fig. 162), also of African origin, 
have slightly juicy stems; compact, usually bearded heads, which are 
usually recurved or goosenecked; and large soft yellow or white seeds. 
They sucker vpry freely. The plants are very adaptable to moisture 
conditions anf! respond readily to irrigation. Although very drought­
resistant and able to produce some crop even under severe conditions, 
the yiel"': is unusually large when conditions are favorable. Dwarf yellow 
milo ranks second in importance among the grain sorghums.. About 12 



328 ECONO]lIC BOTAN)' 

kinds of milo are grown. The plants mature rather late but earlier than 
kafir. 

Shallu (var. Ro:rburglzii). This distinctive late-maturing sorghum was 
introduced from India, where it is extensively grown as a winter crop. 
It has tall, dry, slender stems and long open panicles. The small, hard, 
white seeds are exposed at maturity. Shallu is grown to some extent in 
the Gulf States. 

Kaoliang (var. nervoswn). The kaoliangs are Chinese sorghums, and 
constitute one of the oldest and most important crops in that country. 
They have furnished grain, sugar, and forage for thousands of years, and 
all parts of the plant have some economic value. They have dry slender 
stalks with but few leaves, loose or compact erect heads, and small brown 
or white seeds. .·\lthough they mature early and so can be grown farther 
north than the other grain sorghums, and although they are very drought­
resistant, the yield is low and they have never become popular in the 
United States. 

Feterita (val'. caudatum). Feterita, an importation from the Sudan, 
has dry stalks; erect, compact, oval heads; and very large, soft, white 
seeds. It matures early and produces a crop in seasons with a limited 
amount of moisture. Three kinds are grown, chiefly in Kansas and 
Texas. 

Hegari. This sorghum is probably a form of kafir. It produces leafy 
juicy stems which sucker freely, and in other respects it seems to be 
intermediate between kafir and feterita. Hegari is very variable as to 
time of maturity and yield. It is grown in Texas, Arizona, and New 
Mexico. 

l\IILLETS 

The term" millet" is loosely applied to a large number of cultivated 
grasses with very small seeds. The millets are used for forage and as a 
food for both man and domestic animals. The real importance of millet 
is not appreciated in the United States or Europe, but fully one-third of 
the world's population uses these grains as a regular article of food. In 
India over 40,000,000 acres are cultivated and the crop is comparable in 
importance to ,,,heat in the United States. Japan normally produces 
35,000,000 bu. annually. The plants haye abundant foliage and are much 
used for forage. Millets are very drought-resistant and are extensively 
gro,vn in the Great Plains area. They arc sensitive to cold and cannot 
be planted until all danger of frost has passed. In the United States 
millets are used chiefly as hay crops, pasturage, and for birdseed, although 
some varieties are used for grain. l\Iillets are among the most ancient of 
food grains, and have been grown in China since 2iOO R.C. They prob­
ably originated in Eastern Asia. The most important cultivated varieties 
include: 



_-

l'HE MINOR CEREALS AND SMALL GRAINS 329 

Foxtail Millet (Setaria italiea). Some dozen varieties of foxtail millets 
are grown, and these are very likely to occur spontaneously as weeds. 
They are known by many different names, such as Italian, German, 
Hungarian, and Siberian millet. The plants are smaller than in the other 
cultivated grasses and have a dense spike for an inflorescence, with 
innumerable long or short bristles. In one group the heads are short, 
thick, and erect; in another they are long and drooping. The origin of 
these millets is in doubt, although some authorities are inclined to the 
belief that they have been derived from S. viridis, a common wild grass of 
the Old World. The native home was probably Eastern Asia, and not 
Europe as the common names of the plant would seem to indicate. 
Millet must have been domesticated in the Orient ages ago,,for it was one 
of the five sacred Chinese plants as early as 2700 B.C. :Millet seeds 
abound in the Lake Dwellings, but the plant was apparently unknown in 
Syria and Greece. At the present time the,foxtail millets are extensively 
grown in J !tpan, China, India, the East Indies, and other parts of Asia; in 
temperate Europe; in North Africa; and in Canada and the United States. 
They are used for human food everywhere,; except in J\ orth America, and 
are also an important forage crop. 'When, used for food, the grains are 
boiled or parched. Millet is an important hay· crop, and is good for 
silage. It is much used in crop rotation, and as a supplementary or catch 
crop after some other crop has failed. This is possible because of the 
rapidity with which it matures, only 6 to 10 weeks being necessary. 

Several millets belong to the genus Echinoehloa. The Japanese or 
sanwa millet (E. frumentacca) , an erect u\vnless species with turgid 
purplish seeds, is much cultivated. It is used in the United States 
entirely as a forage crop, and is very desirable for it produces as many as 
eight crops a year and has a large leaf area. In the Orient it serves as a 
food plant and is eaten as a porridge or 'with rice. In Japan it is culti­
vated in areas where rice will not grow. A smaller species, the shama 
millet (E. colona), is another valuable forage and food crop, particularly 
in the East Indies and India. It is a favorite food of laborers, and is 
eaten by the Hindus on fast days. The common barnyard millet (E. 
crusgalli), which occurs with us as a weed, is cultivated in India and the 
Far East as a forage and food crop under the name "bharti." 

Proso Millet (Panicutn rniliaceum). This is the true millet, the milium 
of the Romans. It is also known as broomcorn millet, hog millet, 
Russian millet, and Indian millet. Its native home was probably India 
or the eastern I\lediterranean region. It has been cultivated in Europe 
for a long time, and was largely used by the Lake Dwellers. The plant 
grows to a height of 2 or 3 ft., with an open, branching, compact or one­
sided panicle (Fig. 163). The grains are variously colored and are 
closely f:urrounded by the scales of the spikelet. This millet is exten-
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sively grown in the U .s.s.n., where 80,000,000 bu. are produced each year. 
China, Japan, India, and Southern Europe also produce large amounts. 
Proso millet 'nlS introduced into the United States many years ago, but 
was grown only in the "Korth\\'est. Recently there has been a great 
revival of interest in the plant, and it is now extensively cultivated in the 
northern prairie and Great Plains regions. Although of some value as a 
hay crop, its greatest use is as a forage grain as it is very nutritious. In 
addition to carbohydrates, the grains contain 10 pel' cent protein and 4 
per cent fat. It. is an excellent hog feed, and is much used as a substitute 
for maize or sorghum. A palatable bread can be made from fresh grains. 

P 'llf;:PI 'T]?rl~~~J~.~~~~];r~Trrrl~1 .I,.[rEr~tll'LII~~ 
FIG. 163. The grains and ,IlCuds of Proso millet (Panicum mitiaceum). , 

Pearl Millet (PennisetulIl glallc1l1n). This is a tall plant, growing from 
6 to 15 ft. in height, with three to eight compact cylindrical spikes that 
bear white grains. Pearl millet is grown in India, Egypt, and Africa as a 
rainy-season c'rop. It furnishes an important food for the lower classes, 
and is particularly ,-aluable in cold ,,'cather because of its heating qual­
ities. The flour made from this millet is very nutritious and is used for 
bread or cake. It has an enormous yield of forage, "'hich is succulent 
when young, and it can be cut several times in a season. Pearl millet 
has been introduced into the United States as a forage crop. The wild 
form of the plant is unknown. 

Ragi (Eleusine coracana). This tall grass, which is also known as finger 
millet, African millet, or korakan, has tufted stems, each with four to six 
spikes. Both upland and irrigated forms are grown from Indonesia 
to Northern Africa. Ragi has an exceedingly heavy yield, sometimes as 
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much as 1500 lb. to the acre. Even on poor soil the yield is abundant. 
It is one of India's major crops, particularly during the rainy season, and 
is an important food. The grain is free from insects and can be stored 
for a long time. Ragi flour is used for puddings and cakes, and a fer­
mented beverage is made from the grain. New and improved varieties 
are being developed by the Indian Agricultural Department. 

OTHER GRAINS 

Wild Rice 

Wild rice is the only edible grain used in the United States which.is not 
cultivated. The supply is obtained from wild plants of Zizania aquatica 

FIG. 164. 'Wild rice (Zizallia aquatica) in flower at the Arlington Experimental Farm, 
Virginia. (Reproduced from U.S.D.A. Department Circular 229, Wild Rice.) 

and the variety angustifolia. These tall annual grasses (Fig. 164) grow 
partially submerged along the margins of lakes and sluggish streams 
inland, and even in brackish areas along the coast, oftentimes covering 
hundrcth of acres. Formerly an important food of the eastern Indians, 
,yild rice is still used by the tribes of the Great Lakes and upper IHissis-
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sippi valley region. The grains are borne in slender panicles and drop off 
very readily when mature. The Indians continue to usc primitive 
methods of gathering the crop. Just before the grains are fully ripe, they 
push their canoes in among the plants and beat off the grains into the 
bottom of the canoe with a stick. Later the grains are dried in the sun 
or over fires, and the husk is pounded or charred off. ,Yild rice is very 
nutritious and palatable and is often served with fowl and game. It can 
be obtained in the markets of the larger cities, although the Indians only 
sell ,yhnt they cannot usc themselves. Wild rice also serves as one of the 
most important foods for ducks and other waterfowl. Attempts have 
been made to plant the grass in the great coastal swamps. The seeds, 
however, are easily killed and germinate only if they have been con­
stantly kept under \Yater. Wild rice occurs both in Eastern North 
America and in ,Yestern Asia. In the latter area the young stems and 
lea,'cs arc used as a "egetable and the stTa,,' is used for paper. 

J ob's-tears 

This grass, Coz"x Lachryma-J obi, is a native of Southeastern Asia, but is 
cultivated in nearly all tropical countries. It has large, shining, pear-

shaped fruits (Fig. Hj5), which bear a fanciful resemblance to tears. 
These grains are llsed as food by the poorer classes, :1llcl are also said to 
have medicinal properties. Some varieties, especially the Philippine 
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adlay, are good for forage. The chief use of the fruits is for ornamental 
purposes, and they are made up into necklaces, mats, rosaries, etc. A 
wholesome beer can also be made from them. 

PSEUDO CEREALS 

In various parts of the world many other plants are used in a manner 
similar to the cereals and smaller grains as sources of human food. For 
this reason, even though they are not grasses, they are often erroneously 
referred to as cereals. Two of the most important of these are buclnyheat 
and quinoa. 

Buckwheat 

Buckwheat (Fagopyrum sagittat1l1n) is a native of Central Asia and still 
grows wild in iVlanchuria and Siberia. As compared ,yith most of the 

cereals, it is of recent use, the earliest i·ecords occurring in Chinese writings 
of the tenth and eleventh centuries. Buckwheat was introduced into 
Europe during the J\Eddle Ages, and was first cultivated in 1436. It is 
widely used on the Continent, especially in the u.S.S.R., where it con~ 
stitutes one of thl2 chief foods of the peasants, and over 5,000,000 acres are 
cultivated. France and Germany also raise a large crop. It was brought. 
into the United States by the early settlers, and is now widely grown 
(Fig. 166). In 1946, 7,124,000 bu. were produced, chiefly in Penn­
sylvani9 and New York. Buckwheat is normally a plant of cool, moist, 
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temperate regions and thrives best in u sandy ,,'ell-drained soil. How­
ever, it will grO\\' in dry and arid regions and ureas with very poor soil 
and drainage. The plant is a small branching annual. The stems are 
smooth and succulent with alternate hastate lea yes. The inflorescence 
is a raceme bearing small white or pinkish f!O\yers. The fruit is a t11ree­
cornered achene that resembles a beechnut, hence the name buchweizen. 
The seeds, or groats, are hulled and ground and the starchy flour is used 
for porridge, soups, and in this country for pancakes. The whole grains, 
middlings, or flour are also fed to livestock and poultry, and the straw is 
used for feed and bedding. Buckwheat is also gwwn as a fertilizer crop, 
covel' crop, and catch crop; the flowers are an important source of honey. 
The crop is planted late in the spring, so as to avoid frosts, and harvested 

FIG. 167. Seeds of quinoa (Cheno­
podium Qllinoa) from the market at 
Huancayo, Peru. (Photo by TI'alter H. 
Hodae.) 

in August and September. Buck­
wheat has recently come into promi­
nence as a source of rutin, a glucoside 
,yhich is used in the treatment of 
capillary fragility associated with hy­
pertension or high blood pressure. 

Quinoa 

Quinoa (Chenopodium Quinoa) is 
the staple food of millions of South 
American nath-es. The plant is an 
annual herb, which grows to a height 
of 1 to G ft. and resembles the com­
mon pig,,'eed. It is a native of Peru, 
and was used in great quantities by 
the ancient Incas. Tlie Spanish ex­
plorers found nearly all the nations 
using it. At present it is grown 
chiefly in Ecuador, Peru, and Bolivia, 
where it is cultivated at altitudes up 
to 13,000 ft. The plants produce a 
large crop of white, red, or black 

seeds (Fig. 1(7), which mature in 5 or G months. They are very nutri­
tious, containing 38 pel' cent starch, 5 per cent sugar, 19 per cent protein, 
and 5 per cent fat. 'Whole seeds are used in soups, or me ground into 
flour which is made into bread or cakes. The seeds are also used in 
making beer, in medicine, and as a poultry feed. The ash is often mixed 
with coca leaves to give more flavor to the latter. Quinoa has been 
introduced into the United States, where the thin leaves are used as a 
substitute for spinach. 



CHAPTER XVI 

LEGUMES AND NUTS 

LEGUMES 

Legumes are next in importance to cereals as sources of human food. 
They contain more protein material than any other vegetable product, 
and so are nearer to animal flesh in food value. Carbohydrates and fats 
are also present. The proteins occur as small granules in the same cells 
with the starch grains. The high protein content is correlated with the 
presence, on the roots of manylegumes, of tubercles that contain nitrogen­
fixing bacteria.. These bacteria are able to utiliz'e free' atmospheric 
nitrogen and convert it .into nitrates, thus' augmenting. the supply of 
nitrogenous material ayailable for .the plants.. . . ". '" 

The legumes or pulses all belong to the great family Leguminosae, -Which 
is characterized by having aspecial kind of f;'uit, a legume, which is apod 
that opens along two sutures when the seeds are l:ipe. Ne.arly 11)000 
species of legumes are known, and many are 'of impor.tal).ce as'ihdustrial, 
medicinal, or food plants: They have bee;} cultiyat~d. ar{d 'used f~r food 
for centuries all over the world. The seeas 'EFig.-:i68):,ai·e. of: gre~fest 
importance; as in the case of the other di.'j~~seeds;-thelow' watel~ ;content 
and'impervious seed coats'enhance their: yalue:foi;st()iag~' purpose~'and 
increase their longevity. Legumes are easily gl'p,fn, ~ature rapidly,~and 
are highly nutritious. They are not only' richc in proteins but alsoin 
minerals and vitamin B. They are an aosollite necessitjr iri'c'ou"rit.i·ies 
where little meat is eaten. Before the·advtmt 'of the. pofato;:the'y' co~­
stituted a great part of the food of the pooi:er classes in EuroP·C-'.:··>iegum~s 
have a high eriergy content and are pa;ticularlY.w.eJ~· ~dapted' f9r J.is~ .in 
cold weather or where physical exertion is 'involved. The immature 
fruits also serve as a food. 

Owing to the fact that not only the seeds but all other parts of, the 
plant are rich in protein, legumes are very valuable as field and forage 
crops. 'Vhen plowed under they are an excellent fertilizer and greatly 
increase the nitrogenous content of the soil. 

Peas 

The common pea' (Pisum sativllm) is a native of Southern Europe and 
has been cultivated since before the beginning of the' Christian era. 
Peas were well known to the Greeks and Roinans. Although an old 

335 
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crop, they ,yere not grown in Europe to any great extent until the middle 
of the seventeenth century. They were brought to America by, the 
earliest colonists. Peas arc annual, glaucous, tendril-bearing, climbing 
or trailing plants, with 'white or colored fimyers and pendulous pods 
(Fig. 1(9). Although natives of '\"arm regions, they thrive ,\'here there is 
a cool summer .temperature and abundant moisture. Canada and the 
northern United States are particularly ,yell suited to pea growing. 
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FIG. 168. Edible seeds of various legumes. ii" velvet bean (Stizalabi,l?n Dceringianum); 
E, lablab (Dolichos Lablab); C, chick pea (Cieer arictinllm); D, cajun pea (Cajnus Cajan); 
E, mung bean (Phaseollls aurcus); F, broad bean (Ficia Paba); G, cowpea (Figna sinensis): 
H, lentil (Lens clliinaris). -- " 

Ontario alone has produced oyrr 14,000,000 bu. annually. There are 
tVI'O groups of peas: 

Field Peas. These may have originated from the gray pea, which still 
grows wild in Greece and the Levant. They ha\'e colored fio,Yers and 
angular colored seeds, and are very hardy, withstanding frost and alti­
hides up to 8000 ft. Field peas arc grmyu for the seeel, ,\'hich is used for 
human consumption in the form of pea meal or split peas. They are also 
unexcelled as part of the grain ration for livestock. The plants are used 
for forage, silage, and green manuring. 

Garden Peas. These have white flowers and round smooth or wrinkled 
seeds, which are yellow or ,yhite in color. They contain more sugar 
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than do ficld peas, and the seeds are eaten grcen or are used for canning; a 
great industry in the United States. In 1947, 33,119;000 cases were 
packed. Wisconsin leads in the production" of peas for canning, and 
California in fresh peas. For canning, peas ai'c usually harvested with a 
mowing machine. Pea-cannery refusc is a valuable stock feed. In some 
types the pods are fleshy and crisp and can be eaten as well as the seeds; 

FIG. 169. Early l\Iorn, a variety of garden pea (Pisum sativum). (Collrtcsyoj Breck and 
Company.) 

Garden peas are famous as the plants with which Gregor Mendel carded 
on his epoch-making experiments in plant breeding. 

Chick Peas 

The chick pea (Cicer arictiml1n) is a native of Southern Europe, where 
it is still extensively grown. It is also an important food plant in many 
parts of Asia, Africa, and Central America although but little used in the 
United States. India grows an amount equal to the sugar cane acreage 
of the whole wm~::l, and the crop is valued at S100,OOO,OOO The plant is 
a branching, bushy annual, which matures in gO days. It is well adapted 
to arid and semiarid regions. The chick pea is one of the best legumes for 
human consumption as the seeds (Fig. 168, C) are very nutritious. It 
has been culth-atcd for a long time and was known to the Egyptians, 
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Hebrews, and Greeks. The sparse foliage is poisonous so the plant can­
not be used for forage. The green pods are sometimes eaten, and the 
seeds are used as a sub",titute for and as an adulterant of coffee. 

Garden Beans 

The common field, garden, 01' kidney beans (Phaseoltls vulgaris) are 
natives of the New 1,Vorld. They \yere probably domesticated by the 
Incas, and were early used by the Indians of both South and North 
America. Today the young pods (string 01' snap beans), the unripe 

FIG. 170. Supergreen snap beans, a 
variety of the common garden bean 
(Phaseolus vulgaris). (Courtesy -of the 
JIassachusetts Horticultural Society.) 

seeds (shell beans), and the dried ripe 
-seeds are all used for human con-

. sumption, while the whole plant is 
used for forage. Beans are lo\y, erect, 
or twining annuals -with small white 
or colored flowers, trifoliate leaves, 

. and slender pods (Fig. 170). They 
are grown as either bush or pole beans, 
and over a thousand varieties are 
cultivated. Both groups have green­
podded and wax-podded varieties. 

-The commercial dried bean is' of recent 
ongm. It was first grown in 1836 in 
;{ ew York, when 1 pt. was raised. 
Today over 170,000 tons are pro­
duced, ehiefiy in New York and 
Wisconsin. 1\1 uch of the crop is 
canned. Although beans \vill grow on 
a great variety of soils, a fertile soil, 
rich in lime, is necessary for a good 
yield. A ,varmer climate than for 
peas is desirable, and crop rotation 

should be practiced. On large farms the crop is harvested by machines 
and the beans are dried, stored, and threshed before marketing. The 
culls are fed to livestock and the straw is used for forage. These beans 
were unknown in Europe until after the discovery of America. They are 
now grown all over the world. 

Lima Beans 

The lima bean (Phaseollls limensis) has been called the aristocrat of the 
bean family. It is a native of Peru and Brazil and has been grown in 
South America for centuries. Originally a perennial, it is usually treated 
as an annual. Lima beans require warmer weather and higher humidity 
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than ordinary beans. The original types were pole beans; the bush 
lima:; (Fig. 171) arose later a:; mutations. Either green or dried beans 
are eaten, and a large quantity is processed. In addition to the familiar 
large lima bean, a smaller form, the sieva bean (Phaseolus lunatus), is 
also grown. It, too, is a native of tropical America. 

Other species of Phaseol1ls are often cultivated. These include the 
scarlet runner beans (P. coccineus) , which have a thickened root and 

ornamental flowers, and the mung bean (P. atlre1ls). The latter plant is 
one of the very ancient legumes of India and is still an important crop .. 
The small oval seeds (Fig. 168, E) are highly nutritious, and the green 
pods are also eaten. Over a hundred kinds are grown in China and 
other Asiatic goulltries. The mung bean is grown in the United States 
as a for?'!;e plant. The adsuki bean (P. angularis) is next to the mung 
bean in importance in China and Manchuria, while the rice bean (P. 
calcaratu~) is extensively cultivated in Southern Asia. 
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Cowpeas 

The cowpea (Yigna sinensis) in spite of its name is more closely related 
to the beans tluln to the peas: It is a vigorous bush)' or trailing summer 
annual, with curious, cylindrical, pendant pods. The plant grows indefi­
nitely as long as the environmental conditions are favorable. The cow­
pea is a very old crop, probably native to Central Africa, although it has 
been grown in Southeastern Asia for over 2000 years. It has been intro­
duced into the tropics and subtropics of both hemispheres, reachirig the 
'Vest Indies in the seventeenth century and the United States in the 
eighteenth. The seeds (Fig. 168, G) are fed to cattle and poultry, and 
are sometimes used as a coffee substitute. However, its chief value is as 
a forage crop, as a cover crop to prevent erosion, and as a green manure. 
The cowpea is an important crop in China, India, and the southern 
United States, where it is increasing in prominence. It is susceptible to 
frost and so is gro\'>"U only in w-arm h~mid areas in a sandy or loamy soil. 

Soybeans 

The soybean (Glycine llfax) is a small, bushy, erect or prostrate annual 
(Fig. 100) resembling the cowpea. It is a much better crop, however, for 
it does not become tangled, matures earlier, has a larger yield, produces a 
better seed, and can be threshed. The seeds all mature at the same 
time. The soybean is one of the -oldest crops grown by man. It was 
cultivated in China centuries before the first-written records in 2838 R.C. 

It is a native of Southeastern Asia, where over 1000 varieties are grown, 
Manchuria leading in commercial production, followed by Korea, Japan, 
China, and Indonesia. It is the most important legume in the Far­
East, where soybeans, fresh, fermented, or dried, are used- everywhere in 
the daily diet of the people to supplement rice. The seed is the richest 
natural vegetable food known. In tropical countries, pai·ticularlY Indo­
nesia, soybeans are boiled and then fermented through the agency of a 
mold to yield the food known as tempe. Soybean sauce, made from 
cooked beans, roasted wheat flour, salt, and a ferment, is widely used. 
The flour, with a low carbohydrate and high protein content, is an excel­
lent food for diabetics. Soybean mill{:, extracted from the seed, is used 
in cooking' and is recommended for infants and invalids. Soybean 
sprouts are a favorite food. 

The soybean has manifold other uses, both in the Orient and in tem:' 
perate regions, and has become a highly essential and vital crop. It is an 
important aid to agriculture, a valu-able commercial crop, a good feed for 
livestock, and the source of numerous raw materials for use in industry. 
Soybean oil, an important drying oil, has already been discussed. - Soy­
bean protein is extensively used to produce the foam liquid used for 
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extinguishing oil fires and as the source of a synthetic fiber, similar to the 
casein fibers. 

In the last 20 years the soybean has assumed a position of great impor­
tance in the agriculture of the United States. The 1935-1939 average 
was 56,167,000 bu.; the estimated yield for 1948 is 220,201,000 bu. 
Although grown in some 30 states, it is of greatest importance in the 
North Central states, with Illinois producing over 50 per cent of the total 
output .. Soybeans are grown'for hay, silage, and green manure, ?-swell 
as for the seeds, and hundreds of varieties are cultivated. It can be 
grown under a variety. of soil and. moisture conditions but requires a 
fairly warm temperature and is susceptible to frost. 

Broad -Beans 

The broad bean (Vicia Faba), also called the Windsor, horse, or Scotch 
bean, is grown as a forage c~op, as well af3 for the seeds, "'hich furnish food 
for both man and the domestic anImals. The plant is a s'trong erect 
annual, 2 to 4 ft. in height, with flat pods and large seeds (Fig. 168, F). 
It has been cultivated since prehistoric times and probably originated 
in Algeria or Southwestern Asia. Over 100 varieties, are grown, chiefly 
in the Old World. The broad bean was the only edible bean known in 
Europe before the time of Columbus. It is still ,an important crop in 
England. Its growth is restricted by dry hot summers, so it is not grown 
to any great extent in North America, except in Canada. The broad 
bean is sometimes used as a cover crop, _in crop rotation, and for fod,der 
and silage, as well as for the seeds. 

Peanuts 

The peanut or groundnut (Arachis '{ypogaea) is a true legume rather 
than a nut, for the shuck is merely a shell-like pod.' The plant is a: bushy 
or creeping annual with t)1e peculiar habit, of ripening its' fruit under­
ground. The peanut is a native of South America but was early carried 
to the Old 'V orld tropic~ by the Portuguese explorers and is now grown 
extensively in India, East and West Africa, China, and Indqnesia. It 
was brought to Virginia from Africa by the slaves and is now one of the 
most important crops of the South, In 1946, 2,187,985,000 lb. were 
grown, with Georgia the leading state. The commercial development 
has come about since the Civil War. A.s many as 20 kinds of peanuts are 
grown, differing in habit and the ,size of the pod. The cultivation of 
peanuts presents many difficulties. They require ample warm sunshin~ 
and a moderate rainfall' and can be 'grown successfully only south of 
36°N.L. A sandy soil is best, although any but a low soil can be ,utilized. 
The soil must be friable so that the ripening fruit can be buried, and it 
must be well fcrtilized~ In harvesting the crop (Fig. 172), the rows are 
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plowed and the plants are lifted out with forks, shocked, and capped to 
cure. Later the fruits are removed, cleaned, and polished. The plants 
may be used for forage, stock feeding, or as soil renovators. The nuts or 
seeds arc used for roasting or salting, in candy, and for the preparation 
of peanut butter. For the latter purpose the seed coats and embryo are 
removed and the nuts are roasted either dry or in oil, and are then 
ground to a paste. Peanuts are a very nutritious food. One lb. yields 
27pO cal., whereas 1 lb. of beef furnishes only 900 cal. Peanut oil, an 
important food oil, has already. been discussed. The oil cake is fed to 

FIG. 172. A field of Virginia bunch peanuts (Arachis hypo(Jaea). (Reproduced from 
U.S.D.A. Farmers' Bulletin 1656, Peanut Growin(J.) 

livestock. The protein in peanuts is used in the manufacture of ardil, a 
synthetic fiber. 

Lentils 

The lentil (Lens culinaris) is one of the most ancient of food plants and 
also one of the most nutritious. It is a native of Southwestern Asia, and 
,vas early introduced into Greece and Egypt. Lentils are frequently 
referred to in the Bible. The plant is a slender, tufted, much-branched 
annual with tendrils. The pods are short and broad, with small lens­
shaped seeds (Fig. lGS, H). The seeds are widely used, chiefly in soups. 
They are more digestible than meat and are used instead of meat in many 
Catholic countries during Lent. The plants are somewhat used for 
fodder. 
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CajanPeas 

The cajan pea or pigeon pea (CaJamls Ca.i{m) is one of the most promis­
ing legumes at the present time. It mls first 'domesticated 'in Asia or 
Africa and is now widely cultivated in the tropics and subtropics, par­
ticularly in the East Indies, India, and the "\Vest Indies, where over 30 
kinds are grown. The plant is an erect shrub. Both the immature and 
ripe seeds (Fig. 168, D) have been used for human and animal food since 
earliest time. In recent years the plant has been developed as a forage 
crop and rivals alfalfa in importance. It is drought resistant, grmvs well 
in any soil, matures~rapidly, and in many other ,\'ays ishighly desirable. 
Livestock and poultry ar~ particula~·ly' fond o(it:, " ' 

., .... , 

The Lablab or bonavist:Qea~ (J)olici;osLablab) isahimportant l~~me 
in many tropical countries" ' ,The plant is ,normally '~ w~ody; 'clilp.b:e~ with 
a large yield of pods" continuing over several ,years, l;lllt m'ay be grcnm as 
an amiual. Both the, pods and the se~ds (Fig., 168, BY are eaten, and 
the plant 'is also used fpr hay and forage, chiefly for horses and cattle. 

, " 

, , Horse Beans 

The horse beans 'or Ja~I~' beans (Canavalia ,ensiformis), natives of. the 
W cst Indies, are' gi·own in nearly all tropi~al countries, for' th~ir seeds. 
Theplants are bushy anImals with long sword:'shaped pods, '~hich-.may 
contain as mariy as 12 large beans. The uni·ipe seeds and pods are used 
for human'consumption; arici the:whole plant can'be used fol'green forage. 
The plants are hardy; drought~l"esistant, ~nd i~mune to, ~ost pests. 
They ate grown to a considerable extent in the southern' United States. 

Velvet Beans 

The velvet, bean (Stizolobium Deeringianttm) ,is widely cultivated in 
the tropics for its edible seeds (Fig. 168, A) and for fodder. The plant, an 
annual herbaceous climber, exceeds all the other legumes in the rapidity 
and extent of grmyth. It is becoming of increasing importance in many 
of the Southern states, particularly in Georgia and Alabama. 

FORAGE CROPS 

As soon as man began to domesticate animals, the need for forage crops 
arose. At fir;:'L, wild grasses probably sufficed, but eventually other 
sources were utilized. As time went on, these became more numerous 
and more varied. The present-day extensive cultivation of grasses and 
legumes as forage crops is chiefly the product of the European and 
Americ~n civilizations. 
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In the United States, as has already been noted, various cereal grasses 
and food legumes are also utilized for forage purposes. In addition, 
many other species are grown entirely as forage crops and they have no 
value as human food. 

These include such grasses as timothy (Phlewn pratense) , orchard 
grass (Dactylis glomerata), redtop (Agroslis alba), brome grass (Bromus 
inermis), Johnson grass (Sorghum halepense), Tunis grass (S. virgatum) , 
and the very valuable Sudan grass (S. vulgare val'. sudanense). 

Forage Legumes 

In many parts of the United States annual legumes rather than grasses 
are cultivated for forage. These have the additional value of furnishing 
green manuring. The most important include alfalfa, clover, sweet 
clover, kudzu, the lespedezas, and the vetches. 1\ ew species are con­
stantly being introduced. 

Alfalfa. Alfalfa (Medicago sativa) was probably the first cultivated 
forage plant. A native of Southwestern Asia, it was grown by the 
Persians, Greeks, and Romans. It was early introduced into China and 
Europe and reached the United States during the colonial period. Many 
nmy vm;ieties have since been developed. Alfalfa is the most important 
forage crop now grown in the United States, as it is unsurpassed for 
general feeding. Some 15,000,000 acres are devoted to it. Although it = 
is grown to some extent in every state, it is primarily a l'iliddle Western 
and ,,'estern crop. It is useful for pasture, hay, and silage and for 
improving the soil. Dehydrated alfalfa or alfalfa meal is now in use. 

Other species of J.1Iedicago, such as bur clover (M. hispida) and medic 
(111. lupulina), are grown to some extent. 

Clover. Clover is widely gro"m, particularly in the Northeastern and 
Korth Central states. It is valuable in crop rotation and is often grown 
in mixtures with forage grasses. The most important species is red 
clover (Trifolium pratense). Others include alsike clover (T. hybridum), 
ladino or white clover (T. repens) , and crimson clover (T. incarnat1l1n). 

Sweet Clover. Sweet clover has become an important forage crop only 
within the last 40 years. It is particularly valuable for pastures and for 
soil improvement. Production is centered in the Corn Belt. Both the 
white sweet clover (llIelilotlis alba) and the yellow sweet clover (il!. 
officinalis) are utilized. 

Kudzu. The kudzu bean (Pueraria lobata), a drought-resistant peren­
niallegume native to Japan and Eastern Asia, has been introduced com­
paratively recently and is now an exceedingly valuable crop in the South­
eastern states. It has a long tap root and produces runners up to 50 or 
100 ft. in length. Kudzu yields good hay and forage; it is particularly 
important, however, in erosion control and the rebuilding of agriculture, 
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as it will grow \yell on depleted soils. The pods can be used, and a valu­
able starch is obtained from the large roots. 

Lespedezas. These legumes have also become prominent in recent 
years, especially in the Southeastern states. They are useful in soil con­
servation for renewing worn-out soils, and they also furnish excellent 
hay and pasturage. Three species are important: the perennial Chinese 
lespedeza (Lespedeza cuneaia), the annual common lespedeza (L. striata), 
and Korean lespedeza (L. siipulacea) . .. 

Vetches. Numerous species of Vicia, both native and introduced, are 
utilized as forage crops, particularly in the Southern, Atlantic Coastal, 
and Pacific states. Vetches are for the most part weak-stemmed viny 
annuals and are useful for cover, green manure, and soil improvement, as 
well as for hay, pasture, and silage. They are very palatable to live­
stock. Vetches are often grown. in mixture with small cereal grains. 
Perhaps the most important species are the common vetch (17. sativa) and 
the hairy "etch (17. villosa). 

TREE LEGUMES 

Although most of the leguminaceous food plants are herbaceous, there 
are a few trees that bear edible pods. These tree legumes and their 
importance to the future of agriculture have been brought to the atten­
tion of the public in recent years largely through the efforts of Professor 
J. Russell Smith. Erosion, one of the greatest enemies of agriculture, is 
greatly increased by excessive cultivation of the soil. This cultivation, 
however, is necessary in growing cereals and many other herbaceous 
plants. To remedy this condition, which, if unchecked, might lead to the 
destruction of all our arable lands, Professor Smith advocates the use of 
tree crops in place of cereal grasses. Many trees are already grown for 
their edible fruits and nuts, and many more could be domesticated and 
improved. There are, moreover, a few tree legumes that are excellent 
substitutes for wheat, corn, and other cereals in stock feeding. The most 
important of these are the algaroba, carob, and honey locust. 

Algaroba 

Thr algaroba, mesquite, or keawe (Prosopis juliflora) is a native of the 
arid regions of the West Indies, Mexico, and Central America. A single 
tree was introduced into Hawaii and from this small beginning the keawe 
spread until it now covers 50,000 acres and has become one of the most 
valuable trees Nl the island. The flowers are a source of honey, and the 
pods, and ground beans as well, are an important stock feed. The tree 
(Fig. 173) has an enormous yield, from 2 to 10 tons per acre, and over 
500,OOC bags are produced annually. It has been estimated that 1 acre 
of algaroba produces 1500 lb. of beef, while 1 acre of corn or alfalfa pro-
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FIG. 173. A large specimen of algaroba (Prosopis julijiora) near Honolulu, Hawaii. 
(Photo by U.S. Forest Service.) 

duces only 450 lb. The tree grows very rapidly, is drought-resistant, and 
can utilize arid, barren ground, where no other crop will grow. Algarobas 
are now being cultin1ted in many other parts of the world with a similar --~.,. 
climate. 

Carob 

The carob bean (Ceratonia Siliqua) is a native of Syria and has been. 
cultivated from antiquity in the :VIeditermnean countries. It constituted 
the "locusts" that were the food of .John the Baptist and the Prodigal 
Son. The pods ha\'e been fed to farm animals for ages. More recently 
carob beans were almost the only food ayailable for the cavalry horses in 
,\Yellington's peninsula campaign and ~~llenby's campaign in Palestine. 
The tree is a small evergreen with glossy green foliage. It blooms in the 
autumn and carries the young fruit until late the next summer. It 
prefers rocky dry soil. The carob is yery productive with an exceedingly 
high yield. The dried pods (Fig. 174) contain 50 per cent sugar, and are 
often sold in the cities to be eaten like candy. The United States 
imported 1,234,316 lb. in 1935 for use in flavoring dog biscuit and chewing 
tobacco and for other purposes. The trees are now being grown with 
success in California. The ground-up seeds yield a highly nutritious 
meal. Several bakeries are now making a bread which contains 25 per 
cent carob flour. The pods also contain a valuable gum known as 
tragasol. 



LEGUMES AND NUTS 347 

FIG. 174. Dried carob beans. the pods of Ceratonia Sili~I.Ia. p~ichased in a Boston lilarket. 

Honey Locust 

The honey locust (Gleditsia triacanthos) is a native tree of the humid 
eastern United States, a region with hot summers and cold winters. The 
pods contain 29 per cent sugar and are readily eaten by animals. As it is 
also ornamental and a yaluable timber tree, it should be given serious 
attention as a cultivated crop. 

Other Tree Legumes 

Other woody plants with edible pods occur in many parts of the world. 
Another mesquite (Prosopis glandulosa), a spiny shrub of the arid south­
western desert regions of North America, has pulpy pods that have long 
been used as food by man and beast. The rain tree (Samanea Saman) , a 
huge tree of tropical America, bears curved black pods full of a sweet 
pulp, which is an excellent stock feed. The nittas (Parkia biglobosa and 
P. filicoidea) of West Africa have large pods with a 31 per cent sugar con­
tent. The seeds yield a very nutritious flour with 36 per cent protein, 23 
per cent fat, 15 per cent starch, and 12Y2 per cent sugar. They are much 
used by the natives when traveling, as they constitute a concentrated 
natural ration. In many parts of tropical America Inga ed11lis and other 
species of the genus are cultivated for their pods, which have a sweet and 
agreeable pulp, and as shade trees in coffee plantations. 

NUTS 

Very few bvtanical terms are used more loosely than "nut." Tech­
nically a nuL is a one-celled, one-seeded dry fruit with a hard peri carp 
(shell). A few of the so-called nuts of commerce answer this description. 
Among them are the acorn, chestnut, filbert, and hazelnut. The others 
may he seeds, as the Brazil nut; legumes, like the peanut; or dry drupes 
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from which t.he outer parts of t.he fruit haye been removed, such as the 
almond, coconut, pecan, and walnut. For convenience all these" nuts" 
will be considered together. regardless of their morphological nature. 

Nuts are a ntluable food material, and luwe been used as such for a 
long time in many parts of the world, although in the United States they 
have been considered more as a confection until comparatively recently. 
f\uts are inexpensive, for they are produced in abundance and arc easy to 
obtain. Because of their low ,,'ater content they are a concentrated food, 
and also keep and handle well. They can withstand transportation, 
rough handling, and low temperature. If kept cool they rarely spoil; 
otherwise they may deteriorate by becoming wormy, rancid, or musty. 

The food value of nuts is due chiefly to a high protein and fat content. 
However, they also contain starch, and sometimes sugar, and so furnish 
a well-balanced diet. They are also rich in mineral elements. For some 
reason, chiefly lack of knowledge, nuts ha"e been considered indigestible. 
As a matter of fact, the reverse is true, and they are used as food by 
thousands of people, especially in the tropics where meat is scarce. 
Unless nuts, like any other food, arc eaten in too large quantities, they 
are harmless: They may be eaten raw or cooked, or in the form of nut 
butters and pastes. They are often ground up to serve as coffee sub­
stitutes. Nuts are also valuable for feeding livestock. Nuts are mar­
keted in the shell or shelled. The former are often bleached, polished, or 
stained for the sake of appearance. The latter are apt to collect dirt in 
the crevices, and should be thoroughly cleaned before using. Improved 
methods of processing and packing are stimulating the use of nuts. 

Owing to the increasing yalue of nuts and the readiness with which 
nut-bearing trees can be grown on nonagricultural land, considerable 
attention is being directed to them with a view to improvement. Experi­
ments are being carried on in selection and hybridization, which promise 
important results. 

In general, three groups of nuts can be recognized: those with a high 
fat content., those with a high protein content, and those with a high 
carbohydrate content. 

NUTS WITH A HIGH FAT CONTENT 

Brazil Nut 

The Brazil-nut tree (Bertlzollelia excelsa) is a rough-barked giant of the 
Amazon forests in South America. It bears fiom 18 to 24 hard, brown, 
spherical, woody fruits from 4 to 6 in. in diameter and weighing 2 to 4 lb. 
Each fruit contains from 12 to 24 seeds (Fig. 175) with a hard bony 
covering. These are the Brazil nuts of commerce, also called cream nuts 
or niggertoes. They have long been used by the natiyes for food. Their 
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food value is high, as the fat content is 65 to 70 per cent and there is also 
17 per cent protein content. The collecting and shipping of these nuts is 
an important industry in South America. The trees are never cultivated 
and the entire output, over 50,000 tons, is obtained from the wild trees. 
:Most of the supply is shipped to Europe or the United States. Attempts 
have been made to culth-ate the tree in the Southern states, but it is too 
sensitive to cold. Similar nuts of finer quality and more delicate flavor 

FIG. 175. Section of the fruit of the Brazil-nut tree (Bertholletia excc[sa) , showing the 
seeds. These seeds constitute the" Brazil nuts" of commerce. (Photo by S. J. Record.) 

are obtained from the sapucaia or paradise-nut trees (Lecythis Zabucajo, 
L. 1lsitata, and other species). 

Cashew Nut 

The cashew nut is obtained from Anacardi1l1n occidentale, a handsome 
native tree of Brazil, now extensively cultivated in tropical countries 
from ::\'Iexico to Peru and Brazil, in the West Indies and southern Florida, 
the :Mediterranean area, Mozambique, India, and the East Indies. 
The tree bears a thin-skinned, pear-shaped, yellow or reddish, juicy 
"fruit" known as the cashew apple (Fig. 176). This is really the swollen 
peduncle and disk. The true fruit, a small curved or kidney-shaped 
structure, is borne on the outside of the" apple" at the distal end. This 
is the cashew" nut." The yery rich kernel is delicately flavored and 
these nuts haye become justly popular in recent years. A nutritious oil 

. can be extracted from· the seed. The grayish-brown coat, or shell, con-
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tains an oil that blisters the skin. The ripe fruit, "'hich has a character­
istic aroma, is eaten in many countries or used for preserves; the fer­
mented juice makes a wine, lmju, which is sometimes bottled. The 
leaves, the light close-grained \Yood, the sap, and the bark are also useful. 
Between 2,500,000 and 3,000,000 lb. of cashew nuts are exported from 

-----------,-- ----- - ,-, 

FIG. 176. A glass model of the leaves, flowers and fruit of the cashew (Anacardium 
occidentale). (Courtesy of the Botanical "lIuseum of Harvard University.) 

South America, and the vast stands in Brazil have scarcely been touched. 
India also exports a considerable amount. 

Coconut 

The coconut palm (Cocos nucifera) is one of the world's most important 
economic plants and is indispensable in the daily life of millions of natives 
of the South Seas and other tropical countries. The tree is a native of the 
Malay archipelago, but it has been carried to tropical and subtropical 
regions in all parts of the world. I~ usually grows near the seashore, but 
may occur at altitudes up to 5000 ft. It is one of the most graceful and 
beautiful of the palms, often with a characteristic leaning habit. ;The 
bases of the slender trunks are swollen. The large pinnate leaves, from 
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6 to 12 ft. long and 18 in. wide, are borne in a cluster at the tip of the stem. 
The flowers are produced in a large compound spadix, enclosed. by a 
spathe (Fig. 115). The fruit is a three-sided dry drupe (Fig. 177). It 
consists of a smooth rind, or exocarp; a reddish-brown fibrous mesocarp; 
and a hard stony endocarp, or shell, which encloses the seed. The so­
called coconut meat and milk represent the endosperm of the seed; the 
embryo is embedded in the hard endosperm. \ Coconuts, as they reach 
the world's markets, consist of the endocarp and its contents . 

. Few plants have more varied uses. The fibroushusk yields coir, ,yhich 
has already been discussed. The hard shell, or endocarp, is used for fuel, 
vessels and other containers, and a fine grade of charcoal. The water 
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FIG. 177. Sections of coconut fruits, showing stages in germination. 

makes an agreeable and refreshing drink. The meat may be eaten raw 
or may be shredded and dried to form desiccated coconut. It is often 
ground up and pressed through a cloth after water has been added. The 
resulting coconut milk is very palatable and a good substitute for cow's 
milk, as it contains several vitamins. The chief use of the meat, how­
ever, is for copra, the source of coconut oil and oil cake. The unopened· /' " 
iilflorescences yield a sweet liquid, which is converted into palm sugar or 
fermE.nted to make palm wine, arrack, or vinegar. The leaves are used 
for thatching, baskets, hats, mats, and curtains; the petioles and midribs 
are used for fence posts, canes, brooms, needles, and pins. . The trunk 
furnishes a strong, durable wood for houses and bridges. Some of the 
porcupine wocel of commerce, much used for cabinetwork, is obtained 
from the coconut. The bud or heart at the apex of the stem, is eaten in 
salads or is cooked. The bark contains a resin and the roots a drug. 

The coconut is essentially a tropical plant and thrives best within the 
actual t,n;pics. It will grow in any kind of soil, hut naturally prefers a 
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fertile area. 'Wild trees nre still nn important source of coconuts, but for 
commercial purposes plantations are usually established. .Mature nuts 
are planted in a nursery and barely covered. They germinate in a few 
months and the seedlings are transplanted when about a year old. 
Coconut growth is imprmoed by proper spacing, clean cultivation, and 
intercropping. Cover crops, fertilization, and irrigation also help to 

FIG. 178. The crown of a coconut palm showing the clusters of fruit and the large' pinnate 
leaves. 

maintain the yield. Flowering and fruiting go on continually, and ripC' 
nuts can be obtained during every month in the year (Fig. 178). They 
are usually picked every b,oo months. The yield and size of the nuts 
vary with the spacing and the variety planted. It takes from 3500 to 
7000 nuts to produce 1 ton of copra, which yields 1200 lb. of coconut oil 
and 800 lb. of oil cake. One thousand nuts will yield· 165 lb. of coil' 
fiber .. 

Coconuts are husked by driving them against a sharp spike fastened in 
a piece of wood and "'Tenching them apart. An experienced man can 
husk from 1200 to 2500 nuts a day. The nuts are broken into two halves 
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with a blow of a heavy dull knife. The dried meat or copra, the most 
important commcrcial product, is prepared in several ways. About half 
the supply is dried by simple native methods, using the sun or drying on 
racks over fires made from coconut shells. After a few days the meat 
curls away from the shell and can readily be detached. Copra prepared 
in this manner is dark colored and has an oil content of around 50 per 
cent. Plantation copra is dried within 24 hours by utilizing the sun 
during the day and heat from fires in drying houses during the night. 
This copra is white and has a higher oil content, from 60 to 65 per cent. 
The best grade of copra comes from Ceylon, where the coconut industry 
is highly developed and efficient. 

Desiccated coconut, which is used by confectionery 'and candy makers 
and in cooking, is pre'pared from the best grade of nuts. These are cured 
for several weeks and then are carefully cracked and the meat is remoyed 
while fresh. This is washed and cut into threads and dried in a vacuum 
for an hour at 160°F. Ceylon produces most of the desiccated coconut. 
The Philippines and India are also important. 

The preparation and'use of coconut oil, oil cake, and palm sugar have 
already been discussed.' " 

At the present time Indonesia 'leads in the production, of coconuts, 
followed by,the Philippine Islands, India, Ceylon, and the islands of the 
southwest Pacific. The Western Hemisphere has been slO\\; in developing 
the coconut as a crop, but the production center may be moved to the 
Atlantic in order to lessen" the distance _required for transportation. 
There are about a million acres of coconut ,palms in the American tropics, 
with some plantation culture in Brazil, Mexico, and the West Indies. 
The United States is the chief consumer, with"Europe s~cond. 

Hazelnut 

Hazelnuts are common in the cool temperate regions of both hemi­
spheres. The native American shrubs, Corylus americana and C. cornuta, 
produce small nutritious and palatable nuts of no commercial importance. 
The larger European species, C. Avellana and C. maxima, are the source 6f 
filberts, cob nuts, and Barcelona nuts. Filberts are extensively cultivated 
in Southern Europe and are now being grown in Oregon. " 

Hickory Nuts 

The hickories are native American trees common throughout the 
eastern deciduuc1s forest region. They belong to the genus Carya. One 
group, the bitternut hickories, contain a large amount of tannin and are 
not good for food, although they are eaten by animals. A second group 
has sweetish edible nuts. The best of these is the shagbark hickory 
(Carya ovata). Good hickory nuts are among the finest of the wild nuts 
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of the United States and have excellent keeping qualities. The trees 
show great promise under selection and experimentation. They can be 
grafted and crossed, and many new Yarieties, adapted to a wide range of 
soil and climatic conditions, have been produced. The nuts yield a good 
salad oil, and the wood is a ,oaluable timber. The shellbark hickory 
(Carya laciniosa) also has nuts of excellent quality. 

Macadamia Nuts 

Macadamia or Queensland nuts are obtained from jl/ acadamia tcrni­
folia, a nath'e of Australia. The tree has been introduced into other 
subtropical areas in both hemispheres. I t has become of considerable 
commercial importance in Hawaii, where over 60,000 trees have been 
planted. Both thin-shelled and thick-shelled varieties are grown. The 
kernels have a s,veet flayor and are rich in oil. 

Pecan 

The pecan (Carya ilHnocnsis) is a natiye of the southeastern United 
States and IVlexico. Originally obtained from wild trees, pecans have so 
increased in popularity that the trees are no,,' being extenshoely culti,oated 
in the Southern states, particularly in Texas and Oklahoma. \Vith the 
introduction of new varieties, the area of production has been extended 
north,vard into Virginia, Indiana, and the upper l\lississippi valley. The 
pecan industry is a profitable one for the trees are easily grown and begin 
to bear in three or four years after setting out, and the nuts command a 
high price. Factories are often located near the supply, and here the 
nuts are cracked and the meats picked out and prepared for shipment. 
Paper-shelled varieties, with a thin shell that can be broken with the 
fingers, have been de.·elopecl recently. One-half the crop is now mar­
keted in the shell. Pecans have a higher fat content than any other 
vegetable product, over 70 per cent. Pecans are used as dessert nuts 
and in candy, ice cream, cakes, etc. By-products include pecan oil and a 
tannin obtained from the shells. ' 

Pili Nut 

Pili nuts, often found in mixed nuts, are the seeds of Canarium ovatum, 
a native tree of the Philippine Islands, which has recently been introduced 
into the United States. These nuts and the very similar Java almonds 
from C. commune of Eastern Asia and the East Indies are highly appreci­
ated in the Orient, where they are eaten raW or roasted. They are 
spindle shaped and triangular in cross section with a very thick hard 
shell. In the tropics a fatty oil is expressed and used for eating and in 
lamps. The plumlike fruit of the pili is also edible. The tree yields a 
resin. 
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Pine Nuts 

The pine nuts or pinons (Fig. 179, A, B) are the edible seeds of several 
species of Pinus that are natiye to the Rocky Mountain and Pacific 
Coast region. Among these are the nut pines, P. cembroides var. edulis 
and var. monophylla; the Digger pine, P. Sabinian a; and the Torrey pine, 
P. Torreyana. These nuts, which are about the size of a bean, with a 
thin brownish-red shell, are very popular. Over 1,000,000 lb. are con­
sumed annually. The American Indians have always eaten pinons. 
They roast the cones so that the scales will fall apart and allow the seeds 
to separate. 

A 8 c 

FIG. 179. Pine nuts, the seeds of various species of Pinus. A, Torrey pine (P. Torreyana); 
B, pinon (P. cembroides var. edulis); C, stone pine (P. Pineal, a European species .. These 
last seeds constitute the pignolia nuts of commerce. -

The pignolia nut (Fig. 179, C) is the seed of Pinus Pinea, a species of 
Southern Europe. It is longer and yellower than our native pine -nuts 
and has a rich delicious flavor. Large quantities are imported. Edible 
pine nuts also occur in India and Eastern Asia. 

Walnuts 

Walnuts are important for both their nuts and their timber. They are 
found in the eastern United States and in Europe as native trees. 

The black walnut (JugZans nigra) is one of the chief trees of the eastern 
deciduous forest region of the United States. It is a tall handsome tree 
(Fig. 51) often cultivated for ornamental purposes. The large spherical 
fruits are green when ripe, and the outer covering has to disintegrate or 
be beaten off to free the nuts. The walnut kernels are rich in oil and 
were a favorite food of the Indians. They retain their flavor when 
cookec. and have a food value four times greater than meat. _ Neverthe­
less they are not much used as table nuts, probably because the stout 
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thick shell is so hard to crack. The chief market is in the candy and ice­
cream industry. The tree is very productive and can be grown anywhere, 
attaining its best growth in rich alluvial soil. Walnuts furnish valuable 
timber, and also a brownish-black dye. 

The butternut (hlglans cinerea) occurs as a native tree in the limestone 
areas of the eastern United States and adjacent Canada. It is a smaller 
tree with elliptical nuts, which have a deeply corrugated shell. Butter­
nuts are rich in fats and are thought by many to have a finer and richer 
flavor than walnuts, although they have an oily taste. The kernels are 
obtained more readily. Butternuts are much used in the candy industry. 

The English walnut (JugZans regia) in spite of its name is a native of 
Iran. It is extensively cultivated in Southern Europe, particularly in 
France, in China, and other parts of Asia, and is now being grown in 
California and Oregon with great success. The English walnut has been 
cultivated for a long time, and many varieties are known. The beautiful 
trees are usually planted in rows. Only the outer limbs produce perfect 
nuts. The kernels are easily freed from the pericarps and are often 
bleached and polished. The characteristic furrowed kernels are the 
cotyledons of the seed, no endosperm being present. Walnuts yield an 
excellent 'oil for table use, and the oil cake is a good stock feed. 

NUTS WITH A HIGH PROTEIN CONTENT 

Almonds 

Almonds are the most popular nuts and enter the world trade in the 
largest quantities. They are obtained from a small tree (Prunus Amyg­
dalus) , which is related to the peach and closely resembles it in blossom 
and young fruit. Almond trees are often cultivated as ornamentals. 
The almond fruit is an inedible drupe, with a tough fibrous rind surround­
ing the stone (shell) and seed (nut). Two types of almonds occur. 

The sweet almonds (var. dulcis) have an edible seed and are the source 
of the commercial product. The almond is a native of the e~stern 
:Mediterranean region, where it has been cultivated for many centuries, 
and is grown throughout Southern Europe and also in California, Aus­
tralia, and South Africa. The seeds are particularly delicious when eaten 
green. Usually, however, they are roasted or salted or made into a paste 
to be used in making bread or cake. Almond extract is also prepared. 
There are innumerable varieties, some with paper shells and some with 
hard shells. Jordan almonds are a hard-shelled type with a thinner 
integument on the seed and a finer flavor. They are imported from 
Spain, and are much used for confections. Imported almonds are 
marketed shelled, while American-grown ones are always in the shells. 

The bitter almonds (var. amara) contain a bitter glucoside, amygdalin, 
which readily breaks down into prussic acid and so pre"ents their use as 
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food. Howenr, they are much grown in Southern Europe as a source of 
the oil of bitter almond. During the extraction process the prussic acid 
is eliminated, and the oil can be used for flavoring. Bitter almonds are 
also used as a stock upon which to graft sweet almonds. 

Beechnuts 

Beechnuts are the seeds of the beech tree (Fagus grandifolia), one of the 
most characteristic trees of the eastern deciduous forest region of North 
America. The nuts are small, triangular, and very sweet. They are of 
little importance for human food, but are eagerly eaten by cattle, pigs, 
squirrels, poultry, and birds. They give a fine flavor to pork, and razor­
back hogs are fed on mast, which is a mixture of beechnuts, chestnuts, 
and acorns. The European beech (F. sylvatica) yields slightly larger 
nuts, which are eaten and used for the edible oil of beechnuts. 

Pistachio Nuts 

The pistachio ot: green almond (Pistacia vera), a small tree native to 
Western Asia, has ·been cultivated in the Mediterranean countries for 
nearly 4000 years. It is also grown in Iran, Afghanistan, the southern 
United States, and California. The fruit is a drupe. The seeds contain 
two large green cotyledons with a reddish covering. These" nuts" are 
salted in brine while still in the shell. They are highly prized for their 
color and resinous flavor, and are much used in mixed nuts and as a 
flavoring material in ice cream and candy. 

NUTS WITH' A HIGH CARBOHYDRATE CONTENT 

Acorns 

Acorns are the characteristic fruits of oaks (Quercus sp.). They are 
true nuts. In this country acorns have been used for ages as a fattening 
food for animals, particularly hogs. They are equally good for man and 
should be used more. The white oak (Q. alba) and the live oak (Q. 
virginiana) are the best of a dozen species with edible acorns. The North 
American Indians have always used acorn flour. They ground up the 
nuts, leached them to remove the tannin and other bitter principles, 
pounded them into a meal, and used them in porridge, mush, and other 
ways. In other countries acorns have been eaten from prehistoric time. 
Acorns furnish 25 per cent of the food of the poorer classes in Italy and 
Spain ill the form of acorn bread or cake. This is highly nutritious and 
cheap and kecjJs indefinitely. Any species of acorn is edible after the 
tannin has been removed, but the holm oak (Q. !lex) is the chief source. 
Oaks are very productive, are precocious and rapid growers, and are well 
adapted to poor soil. They should be cultivated as commonly in this 
countr:' as they are in the Mediterranean region. 
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Chestnuts 

Chestnuts occur in the eastern United States, Japan, and Europe. 
The American species (Castanea dentata) was formerly very abundant in 
the deciduous forest region. It was a handsome tree and furnished 
valuable timber, as well as the familiar nuts (Fig. 180), which had served 
as food, either raw or roast.ed, for over 200 years. The ravages of the 
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FIG. 180. A fruiting branch of the chestnut (Castanea dentala) , showing the nuts sur­
rounded by the burl ike involucre. (Courtesy of the Arnold Arboretum.) 

chestnut blight disease have almost wiped out this tree in the last 35 
years. The European chestnut (C. sativa) with larger fruits has been 
extensiyely cultivated in Southern Europe for centuries, and several 
hundred varieties have been established. The nuts, or marrons as they 
are called, are a standard article of food, and are as important as wheat or 
corn is with us. They are grown everywhere, often on dry hillsides that 
are unfit for other purposes. The nuts are eaten raw or are roasted, 
boiled, or used for stuffing or flour. The Japanese chestnut (C. crenata) 
is immune to the chestnut blight and is being introduced into this country. 
Its nuts are edible, and are often cooked like potatoes. 



CHAPTER XVII 

VEGETABLES 

In a technical sense all plants are vegetables. The term, however, is 
usually applied to edible plants which store up reserve food in roots, 
stems, leaves, and fruits and which are eaten cooked, or raw as salad 
plants. Vegetables constitute a large ~n(f varied group of considerable 
importance in the world's commerce. - Mo;'-t of them are ,;ery old, and 
their origin as food plants is iost in ~ntiquity .• The food value of vege­
tables is comparatively low, owing to the large amount of .-\vater present 
(70 to 95 per cent) _ Even- so, they rank next to cereals: as sources of 
earbohydrate food. This: is -usually p~esent in the form of starch, 
although occasionally sugar, pectins, or other substances- may occur. 
Proteins, save in legumes, are rarely available, and fatsare stored only in 
very slight amounts. The nutritive value of vegetables is increased 
grea,tly, however, by the presence of the indispensable mineral salts and 
vitamins, while the roughage yalue of the various tissues aids digestion. 
For convenience the vegetables _may be classified as earth vegetables, 
herbage vegetable~, and fruit vegetables. --

EARTH VEGETABLES 

The earth vegetables include all fOl;ms in whiGh food is stored in under­
ground parts. The storage organs may be- quite different morpho­
logically. Some are true roots, while others represent modified stems, 
such as rootstalks, tubers; corms, and bulbs. All these structures are 
especially well adapted to storage because of their proteCted position. 
Many wild, as well as cultivated, species have fleshy underground parts, 
and these have played a role in the development of civilization and agri­
culture second only to the cereals and legumes. From earliest time roots 
and tubers have furnished food for man and beast. Even though the 
amount of stored material is less than that in dry fruits and seeds, these 
are extremely valuable since they are readily digested and have a high 
energy content. One objection to them is the high water content, which 
not only reduce:; the amount of available food material but impairs their 
keeping qualities as ,yell. Their bulk, too, makes it impossible to trans­
port and store them as efficiently as cereals, legumes, or nuts. Root 
crops, 'is these earth vegetables are often called, are an important phase 
of agriculture all over the world. In most countries they are grown 
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fully as much for stock feed as for human consumption. In the united 
States root crops have been neglected more than they should have been, 
because it has been easier and cheaper to gro\\- cereals which do not 
require so much hand labor. The various earth vegetables will be 
grouped according to their morphological origin. Of the many hundreds 
that are used for food throughout the world, only the most important can 
be considered. 

ROOTS 

Beets 

The vanous beets now in cultivation-chard, mangels, sugar beets, 
and common beets-are aU referred to a single species, Beta vulgaris. 
This has without doubt been deriyed from the wild beet (B. maritima) of 
the seacoasts of the l'vIediterranean regions and adjacent Europe. The 
beets are biennials, producing the first year a large cluster of leaves from 
a crown at the tip of a fleshy taproot. 

Chard (val'. Cicla) is the oldest type of beet. It was known as early 
as 300 B.C. For several centuries the roots were used, both as a vegetable 
and in medicine. Later the tender leaves were utilized. Under cultiva­
tion the leaves have been developed at the expense of the roots, and now 
chard has large leaves with thick stalks and roots that are very little 
enlarged. Chard is used almost entirely as a pot herb. 

Mangels or mangel-wurzels haye been developed from chard. They 
have the roots and the lower part of the stem thickened, with a crimson, 
golden, or \yhite sap. :Mangels have been an important cattle feed since 
the sixteenth century. They are extensiyely grown in Europe and in 
Canada. Although early introduced into the united States, they have, 
never been of much importance. lVlangels contain 3 to 8 per cent sugar. 
They are fed to cattle dry or are used for silage. 

Sugar beets have been developed from the mangels. They are smaller 
and have a higher sugar content. Their cultivation and utilization as a 
source of sugar have already been discussed. 

Common beets have been known since the beginning of the Christian 
era. Ivlany varieties are grO\nl, differing in size, shape, color, sugar 
content, and time of maturing. The early red beets are most desirable. 
Beets are boiled, pickled, or canned, and are often used for salads. The 
leaves and young beets, the familiar beet greens, are a favorite pot herb. 

Carrots 

The Carrot (DauClls Carota) has been culti"ated for over 2000 years. 
It was known to the Greeks and Romans, and reached Europe early in 
the Christian era. It was a favorite vegetahle in England in the time of 
Queen Elizabeth, and was brought to Yirginia in WOO and New England 
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in 1629. The Indians carried it over the rest of America. Carrots now 
are found all over the world, often as weeds \vith long dry taproots that 
have lost their fleshiness. They are usually biennials, but may mature in 
one year. The pinnately compound leaves are very characteristic. The 
numerous varieties of carrots differ in size, shape, color, and quality, and 
are correlated with differences in the soil. A deep sandy loam gives the 
best results. The roots are harvested just before the ground freezes and 
are stored in cellars. Most of the food is stored in the outer cortical por­
tions of the taproot. The central portion remains somewhat woody and 
unpalatable. Carrots are eaten raw or cooked and are often used for 
flavoring soups and stews. They are a valuable food for animals, par­
ticularly horses. The yellow coloring matter, carotin, is sometimes 
extracted and used for coloring butter. 

Oyster Plant 

The oyster plant or salsify (Tragopogon porrifolius) is a hardy biennial 
with a large fleshy taproot, sometimes as much as 1 ft. in length. It is a 
composite, and when mature has large purple heads, with fruits resem­
bling those of a dandelion. The plant is a native of Southern Europe, 
but is cultivated in many parts of the world, and often becomes estab­
lished as a weed. The roots are cooked or are used as a relish. They 

• have a flavor suggestive of oysters, which gives the name to the plant. 

Parsnips 

The parsnip (Pastinaca sativa) was used by the Greeks and Romans and 
has been cultivated in Europe ever since. It is figured in nearly all the 
old herbals. A native of Europe, it reached the- \Vest Indies in 1564, 
Virginia in 1609, and by the beginning of the eighteenth century was 
grown by all the American Indians. The plant tends to escape from 
cultivation and revert to its ancestral habit with tough dry roots. Seed­
lings from the wild forms, when brought into a more favorable environ­
ment, gradually resume the cultivated form. Parsnips are difficult to 
harvest for the roots are entirely below ground. They have a consider­
able sugar content and even some fat. They are used as food by man 
and livestock, and also for making wine. 

Radishes 

Radishes (Raphanus sativus) are annual or biennial plants with a fleshy 
taproot and rosette of small leaves, which later are replaced by the erect 
flowering and fruiting part of the plant. They have been cultivated for 
over 2000 years, but are still close to the ancestral type and often revert 
to a form with a dry woody root. Radishes are grown all over the world, 
and are highly esteemed because of their pungent flavor. Many varieties 
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are in cultinl,tion differing greatly in size, shape, and color of the roots. 
Early, summer, and winter types occur, and they are often forced in hot­
beds. Radishes are usually eaten raw, but may be cooked like any other 
vegetable. 

Turnips and Rutabagas 

The turnip and the rutabaga are very closely related, and are some­
times considered as varieties of a single species, Brassica campesiris. 

In the turnips (Brassica Rapa) both the root and the lower part of the 
stem are fleshy and rough. The flesh varies in texture. Those with a 
fine texture are used by man, while the coarser forms are fed to stock. 
Turnips have been grown for nearly 4000 years, and ha,·e spread from 
the original home in temperate Europe all over the world. They reached 
:Mexico in 1586, Virginia in 1610, and 1\ ew England in 1628. :Many types 
are grown differing chiefly in the shape and color of the root. Turnips 
thrive best in cool climates. They are used more in Europe than in the 
United States. Turnip tops are· used for greens and for forage and 
manuring. 

The rutabagas, or swedes (Brassica N apobrassica) , have a larger smooth 
root, with a short neck composed of stem tissue. Their flesh is more 
solid, and so they keep better. They grow best in northern regions where 
the cool climate favors the development of the characteristic s,Yeet flavor. • 
Rutabagas are fed to stock and are also eaten by man in large quantities. 

Sweet Potatoes 

The S1veet potato (Ipomoea Bat£ltas) is a native of tropical America, 
'where it was probably first grown by the Indians centuries before the. 
coming of the white men. By the beginning of recorded time it was 
cultivated in the tropics of both hemispheres. Although today it is 
widespread in all tropics and some parts of the temperate zone, and is 
particularly abundant in the South Seas, China, Japan, and Indonesia, it 
is definitely of American origin. The sweet potato, together with the 
cassava, yam, and taro, are practically indispensable to the tropical 
natives. These humble root crops are cheap, are available throughout 
the year, and grow in every soil. Although of little commercial impor­
tance and rarely marketed, they are found in every native garden patch. 

The sweet potato is a twining, trailing perennial vine with adventitious 
roots that end in swollen tubers. These contain both starch and sugar, 
and even a little fat. The sweet potato requires a sandy soil and a warm 
moist climate. In the United States the Atlantic coastal plain, from the 
Gulf States as far north as New Jersey, is the chief producing area, with 
Louisiana, North Carolina, and Georgia the leading states. The plants 
are grown as annuals and propagated vegetatively by using the roots, or 
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pieces of roots, or vine cuttings. The yield is low, and attempts should 
be made to improve it. This is particularly true in the poorer tropics 
where the sweet potato is such an essential plant. Two types are grown 
(Fig. 181). The first type has a dry, mealy yellow flesh and is much 
preferred in the North. The second type, often erroneously called yams, 
has a more watery, soft, gelatinous flesh, which is richer in sugar. This is 
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FIG, 181. Varieties of sweet potatoes (Ipomoea Batatas) , Above. sweet moist-fleshed 
varieties; below dry, me"J~'-fleshed varieties." (Reproduced by permission from Etheridae, 
Field Crops, Ginn and Company.) 

the favorite type in the South, where sweet potatoes are a staple crop and 
next to white potatoes in importance. S,Yeet potatoes are not only a. 
common table -,egetable, but they are used for canning, dehydrating, 
flour manufacture, and as a source of starch, glucose syrup, and alcohol. 
They are fed to horses, cattle, and hogs. The green tops are used for 
fodder. Because of their high water content, sweet potatoes spoil 
readily and about a third of the crop is usually lost. 
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Yams 

The true yams belong to the genus Dioscoreo. There are a great many 
species in the tropics and subtropics of all countries, and they are difficult 
to distinguish. The most commonly cultiyated species is D. alola. The 
yams are all climbing yines ,,,ith large storage roots, often weighing as 
much as 30 or 40 lb., and sometimes with aerial tubers as well. They 
require a deep soil, but are quite drought-resistant. Yams are the chief 
food of millions of people in the 'Vest Indies, South America, the South 
Seas, and the Asiatic tropics. They are baked or boiled or ground into 
flour . Yams are becoming a crop of increasing importance in the south­
ern United States, where they are used to feed hogs and other livestock. 

Cassava 

Next to the sweet potato, the cass:.wa (.M anihot esculenla), is the most 
important of the tropical root crops and furnishes· the basic food for 
millions of people. It is a nati,'e of South America, but is widely grown 
in all tropical and subtropical regions. Over 150 varieties are known, 
most of which are used by the native peoples for food. Two main groups 
are usually recognized-'-the bitter cassavas and the sweet cassavas. The 
cassavas (Fig. 182) are shrubby perennials with stems that reach a 
height of 9 ft., deeply 3- to 7-parted leaves, and roots that end in very 
large tubers. All the ,'arieties contain a glucoside related to prussic acid, 
and some are quite poisonous.· In most cases, however, a slight amount 
of heat is sufficient to dri,'e off the volatile acid and render the material 
harmless. Cassaya, also called manioc, mandioc, or yuca, is one of the 
most wholesome foods. It is eaten by all classes of people in South and· 
Central America at least t\vice a day throughout the year, and it has been 
estimated that over 7000 tons are produced in these countries annually. 
The crop is easily grown with but little labor. It is propagated by stem 
cuttings, using pieces G to 10 in. long. The plant matures in from six 
months to a year. The yield is large, 1 acre producing upward of GYz 
tons. The roots of a single plant may weigh from 25 to 50 lb. 

The tubers are eaten raw or are cooked. Sweet cassavas are usually 
boiled. A flourlike meal, ke.own as jOl'inha, is prepared by peeling, wash­
ing, and scraping or grating the tubers, and then placing the material in a 
bag, or press, where the liquids are squeezed out. After drying and sift­
ing, the meal is baked into thin cakes, known as cassava bread. This has 
a high food value and replaces wheat bread in the diet. The poisonous 
milky juice is concentrated to a thick consistency by hoiling, and consti­
tutes cassareep, or 'Vest Indian pepper pot, which is used as the basis of 
many sauces. Raw cassaya starch is used for healing purposes, and is 
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fermented into an intoxicating be\'erage. It is also fed to livestock and 
used for laundry work and Rizing. 

:Much of the raw cassava is used in making tapioca. For this purpose 
the roots are peeled and grated and the milky juices are expressed. The 
starchy material is then soaked in water for a few days, is kneaded, and is 
strained to remove any fibers and impurities. After sifting and drying in 
the sun, it is heated gently on hot iron plates. This partially cooks the 
starch and causes it to ball up into the familiar little round lumps, which 

constitute the tapioca of commerce. The United States iinports tapioca 
chiefly from Brazil and the East Indies. 

U::-l"DEHGROUND STE:-'lS 

Jerusalem Artichoke 

ThL Jerusalem artichoke (Helianthus tuberosus) is a native plant of 
North America and has been cultivated by the Indians for centuries. It 
is a hardy perennial sunflower 6 to 12 ft. in height. The name is derived 
from the Italian word for sunflower, girasole. The plant was introduced 
into Europe in 1616, and has always been cultivated more extensively 
there than in this country; many new and improved varieties have been 
developed. The Jerusalem artichoke is adapted to almost any climate 
but doea best in the Northern states and Canada. The tubers, which 
somewhat resemble potatoes, but with larger eyes, are cooked, pickled, 
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or eatcn raw. Thc carhohydrate food is in the form of inulin, which is a 
good food for diabetics, and is also used as a source of levulose and 
industrial alcohol. The plants are also grown as a forage crop and weed 
cradicator. 

Potato 

The white or Irish potato (Solanmlt i1lberos1l1n) is one of the most 
important food plants of the ,YorId. It is a native c\.merican species and 
was cultivated from .Chile to New Granada at the time the Spanish 
explorers reached this continent. The first mention of the potato in 
literature was in 1553 in Pedro de Leon's "Chronica del Peru," while the 
first published illustration appeared in Gerard's Herbal in IG33. The 
potato was introduced into Europe soon after 1580 by the Spaniards, and 
by the end of the se\'8nteenth century it had spread all over Europe and. 
the British Isles. The potato was first introduced into New England by 
Irish immigrants in 17HJ. Possibly it had been carried to Virginia and 
the Carolinas at an earlier date, but it D_id not spread farther. 

The potato is till erect, b_rancliing, Illore or less spreading annual from 
2 to 3 ft. ill height. It has pinnately compound leaves, fine fibrous roots, 
and numerous i'hizomes which are sw~lleli at the tip to form the familiar 
t.ubers. The flowers are white, yellow, or purple; with a tubulilr corolla, 
while the fruit is a small brownish-green or purple.inedible berry. 

Potatoe~ aTe adapted to man}; soiis and many climates. They a're, in 
fiwt, 'grown the world over, except in low' ii'opical regions. TIley are 
hardy ,and mature Tapidly, and so cali be grown as far north as 60oN.L. 
and at altitudes up to 8000 ft., The best em~ironment is a cool moist 
climate, with a mean annual tcmpemture of 40 to 50°F'., and a rich light· 
soil. ' . , . . 

Potatoes aie usually, prop!igated vegetatively by means of tubers, or 
parts of tubers, the so-called" seed potatoes." They may, however, be 
grown from seed. The famous Burbank potato was obtained in 1871 
from seed. The 500 or more varieties now in cultivation have been 
obtained by selection and hybridization and by the utilization of muta­
tions, which are of frequent occurrence. The essential parts of the seed 
potatoes used for propagation are the eyes. These are really groups of 
buds situated in the axils of aborted leaves. There is usually a central 
bud in each eye, surrounded by smaller lateral ones. The eyes are more 
numerous toward the apex of the tuber. Pieces of the tubers are cut at 
right angles to the main axis so as to rcmoye the inhibiting effect of the 
terminal bud. The larger the piece, the more vigorous is the \"egetative 
growth, and there is a correspondingly greater yield. In any case, at 
least one eye must be present. The tubers have a rest period of several 
weeks' duration after they have matured, during which they ,,·ill not 
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sprout. This is a period of afterripening in which various physiological 
changes take place. The duration of the rest period can be controlled 
by the use of cold and by various gases and chemicals. 

'Within the tubers several regions can be noted. These include the 
ski~ or periderm varying in color, texture, and thickness; the narrow 
cortex, a dense area with small starch cells; a ring of fibrovascular 
bundles; the external medulla, which contains most of the starch; and 
the internal medulla, which has a much greater percentage of \\'ater and 
less starch. Branches of the internal medulla extend outward toward 
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FIG. 183. Harvesting potatoes in Aroostook County, Maine, (Collrtesy of the "Vaine 
Development Commission and the i1[ assachusetts H orticlIltural"Soci.ety.) , 

each eye. In all these areaS the starch occurs in characteristic oval 
grains of varying sizes in thin-walled parenchyma cells. The mealhlCss 
of the potato is due to the swelling of the grains and the rupturing of the 
cell walls, If the external layers are poor in starch, the walls do not 
burst and the tuber is soggy. Potatoes contain about 78 per cent water, 
18 per cent carbohydrates, including a little sugar as well as starch, 2 per 
cent proteins, 0.1 per cent fat, and 1 per cent potash. They arc well 
adapted to storage if a cool dark place is pro\Tided. The water loss over 
winter amounts to about 11 per cent, 

Over 90 per cent of the potato crop of the world is grown in Europe, 
where it exceeds the wheat crop of the world in volume and ,'alue. . Of 
the esti',nated 1948 world production of 8,95G,GOl,000 bu., Germany pro-
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dqced1,39G,750,000 bu.; the C.S;S.R. 2,880,000,000 bu., Poland 9S3, 105,-
000 bu., France 57G,204,000 bu., and Great Britain 451,099,000 bu., while 
the Gnited States produced-!45,S50,000 bu. Potatoes are grom1 more 
universally than any other crop, and are cultivated in all but seven 
counties of the Cnited States. They are grown in the K orthem states in 
the summer and in the Southern states in the late ,,'inter and early spring. 
They are a valuable small farm and garden crop for they will grow in any 
soil and have a high yield. The commercial production of potatoes is 
often concentrated in areas where both the climate and market conditions 
are most f~1\'orable. Chief among these are the Aroostook region in 
l\Iaine (Fig. 1S3), Long Island, )I" C\y York, southern New Jersey, Pennsyl­
nmia, and the ea~tern shore of nIarylund. Other important states are 
California, Idaho, ~orth pakota, and Colorado. 

In the l~nited States riotatoes are used chiefly for human consumption 
and are a universal t;ble fooel. Small tubers are utilized for the produc­
tion of starch and industrial alcohol, and they are also fed to stock. In 
Europe a considerable liortioll of the crop is used for industrial purposes. 

, ~ 

South American Tubers 

The high Andes of South _lmerica producecP~lot 'only the common 
potato but many other species of Solanum, some of \d11ch are cultivated 
by the Andean nati\·es. In addition, three other tubers (Fig. 1S4) are • 
native in this area, and they have been importailt food plants for cen­
turies. The most important is oca (Oxalis tuberosa), an upright succulent 
herb with trifoliate leayes and orange-yellow flowers. Sc>'eral varieties 
are grown. The tiJ.l_)ers contain calcium oxylate crystals and have to be 
mellO\yed in the sun before they are eaten. The ullucu ,or melloco 
(Ull1lClls lllberosus) is second in importance. Its tubers resemble small 
potatoes. The 'plants are "ery resistant to frost and have a high yield. 
The anu (Tropaeolliin t1/beroswn), a twining plant related to the garden 
nasturtium, is 'not so yaluable but is gro\yn to some extent. . 

The arracacha (Arracacia xanthol'thiza), also a native of the Andes, has 
spread northward to Venezuela. This robust herb with large fleshy roots 
is extensi"el}; culti\'uted and is an important source of starchy 'food in 
many parts o(tropical South America. Canna edlllis, known as achira, 
has an edible tuber, ,yhich is also one of the sources of arrowroot starch. 
The yam bean (Pachyrrhizus eroslls) likewise has tubers which are eaten 
either 1'a\\' or cooked. ' 

Taros and Dasheens 

The taros and dasheens are next to yams in importance in the Orient, 
and they constitute the staple food of millions of people. Some 1000 
horticultural varieties are grown. They are among the few edible aro,ids 
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FIG. 184. Three Andean tubers. Upper, oca (Oxalis tubcrosa); middle, ullucu (Ul[UC1lS 
t1lberos"s); lOlL'cr, ,ii1U (Tropaeolllln tuberosurn), (Photo by Walter H. Hodge.) 
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and belong to the genus Colocasia. Taros and dasheens arc yery similar 
in appearance and are sometimes considered to be variants of it single 
species. There is no erect stem, but a cluster of large leaves from 4 to 6 
ft. in length. 

The taro (C. antiqllOl"llm) is natiye to Southeastern Asia, "whence it has 
spread throughout Polynesia and the Pacific islands. Today it is of 
paramount importance ill Hawaii, and it has been introduced into tropical 
Africa and America. The taro has huge pelt ate leayes. It has been 
cultiyated for so long that it nm'er flowers. Probably no ch'ilized man 
has e,'er seen it taro seed. The tops of the corms are used for propagation. 

FIG. 185. Tubers of the" clashcen (Calacasia esclilenta). (Reproduced from U.S.D:A., The 
Dasheen as a Root Crop for the South, 1913.) 

Taros require a wet rich soil and a long season in which to mature. The 
yield is high and the starch is exceedingly wholesome and readily digested. 
It is an interesting side light that there is no word for indigestion in the 
Kanaka language. The taros are baked or boiled to destroy the acrid 
calcium oxylate crystals in the raw tubers. One of the principal dishes 
of the Polynesians is poi, a thin pasty mass of taro starch. This has a 
faintly acid taste and is yery palatable. It is often made into cakes and 
baked or toasted. 

The dasheen (C. esculenta) has large tubers, with smaller ones on the 
side (Fig. 185). The flesh is mealy with a nutty flavor, und has more 
carbohydrates and proteins than the potato. Since 1913 dasheens have 
been grown as a commercial crop in the southern United States, and the 
tubers are used as a potato substitute. 
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Yautias 

The yautias are among the least known but are probably the oldest of 
the root crops. These plants are found only in tropical America. The 
commonest species is Xanthosma sagittifolillm. The yautias resemble the 
taros, to which they are closely related. They are taller, reaching a 
height of 7 or 8 ft., with arrow-shaped leaves, and produce both corms 
and tubers. These plants are common in the 'Vest Indies, especially in 
Puerto Rico, and many varieties are grown. The tubers are twice as 
nutritious as the potato. 

Onions 

The onion (Allium Cepa) is the chief food plant in which the food is 
stored in a bulb. It is very. old, . its use going back over 4000 years 

FIG. 186. Onions (Allium Cepa) drying in windrows. (Courtesy of the Unit'ersity of 
JI assaclt llsetts.) 

beyond the beginnings of authentic history. It is unknown in the wild 
state. The onion was probably a native of Southern Asia or the Mediter­
ranean region. It has long been ,-alued in China and India for its flavor­
ing. In Egypt it was worshiped before the Christian era, and it also 
played a part in the Druid rites. Onions are cultivated over large areas 
in temperate antl even tropical climates. They prefer cool moist regions 
with a sandy suil. They are grown from seeds or sets, small bulblets that 
are produced instead of flowers. Onions have to be dried (Fig. 186) and 
cured before they are stored in order to develop the characteristic flavor 
and tash\ which are due to an acrid volatile oil, allyl sulphide. They are 
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both food plants and flavoring agents. OYer 250 species of ./lllimn are 
knowll, some of them natiye to boreal America. lVlany occur as weeds. 
The commonest forms in cultiyution are garlic, leeks, chives, shallots, and 
the true onions. 

The garlic (Allium salivllm) is a perennial plant with narrow flat leaves 
and seyeral small egg-shaped bulbs, known as c!m'es, enclosed in a white 
skin. The inflorescences produce both seeds and bulblets. The latter, 
together with the cloves arid the le:wes, have been used from earliest 
time for flayoring soups, sausages, 'and salads. Garlic also has a medicinal 
\'alue as it possesses antiseptic and bactericidal properties. 

'The leek (AlliwnPornl1n) is a ,-erY,old plant. It is a robust perennial 
'6f the l\Ie'cliterrariean region.with rather thick,.flat; broad-'leaves and 
, s'miln.'bulbs,' ·the bases, o(tlie letives are in'ild -fl'avoroo' and edible ahd 
llieS·;are of tell b'lanched 1ikc)isp~ra~gus. 'Leeks'are'iLlso used'i'n'seasoniI;g. 

-' 'Chives (~! lliww Scho~/iop;'asll1n)' have )1OIlen',- ,and .. cylin~~r.ical· lea.res 
with \'e,ry small elu,s,tel'ed,' biill?s"and dens~-'urribelfl ot.rose-c·olored flc),\·ers . 
. They m'e hardy' perennials gI:owing iil d'eii~e clumps. , The"young)eaves 
and bulbs are used. fo.r.seasOliiilg: ,,:', '.: __ ": ~ . " . 

. Shallots (A Ilium ascaloniC;llm) 'like~\~is'e' have cyliIidrical)ioIIO\\.,le·aves, 
'but the 'plants are not cespitose.' The); are perefmials with'large clUstered 
,bulbs; which ar~' Dluch used f~r pi~klirig. ,Ti18'lea\;es ai'e stlOrt .. an~~a,\rl 
shapeci. " i"; .: ~" . ....,' " ' .. '~ .' 

, . The true onions (Alli;lin ,Cepa) a1'~ ble.nni~ls ""itlt ac;ihg;le large' bulb 
'~lnd '.long; hollow, c_J;liiidrical lea yes:" FI:om~:'each birlh ::arises' a . single 
leatlc,,;s 'scape as mllCh a~ 2 or 3Jt. 'iIi heigHt; ,dih ilUci~l'ous srritill flo\,'ers, 
Th eI:~ are' many, aj'f'f eren t 'f orniS' ,,,'j th' ~i th¢'l; i;ou"nd, fih t, . \v hi te': or:.col6red 
bulbs:' The foreign' 6iiionsj: like 'thf~pa!:iis~ and Bermuda Qnions, 'al~e 

. b.i-gei·, less hai'dy, and inilder'thail the domestic types. Oiiions ,were 
brought to America by the early colonists. They are propagated by 
division, bulblets, and seeds, They are'used for flavoring, as a vegetable, 
for 'pidkles, and in medicine. They are easily digested and are .good for 
constipation. An extract of onion is available for flavoring purposes. 

HERBAGE VEGETABLES 

Herbage yegetables haye the llutrient materials stored in parts of the 
plant de\'eloped abm·e ground. They are the familiar pot herbs and 
salad plants. Almost any part of the shoot system of the plant may 'be 
utilized for storage. The leaves are used in kale, cabbage, spinach, and 
lettuce; stems in asparagus and kohlrabi; buds in Brussels sprouts; leaf­
stalks in celery and rhubarb; and immature flowers and flower stalks in 
cauliflower and broccoli. The chemical composition and food value of 
herbage vegetables are close·to those of the earth yegetables. There is 
more water, hmvever, and a correspondingly smaller amount of carbo-
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hydrates. They contain more proteins, since the leu,Yes are the workshop 
of the plant, nnd also a considerable amount of mineral salts and yitamins, 
which makes them an essential part of man's diet. There is also some 
roughage value. 

Artichoke 

The globe artichoke (CYlwraScolymils) if? a<native 'of the Mediterranean 
region and the Canary Islands~ The pla~t resembles' a thistle in size and 
habit. The flower stalks terminat~in globular inflo~'escenc~s \"ith numer-

ous subtending involucral bracts (Fig. 187).. The immature heads 
together with the fleshy bases; of the in:volucrall~ayes and the thickened­
receptacle are eaten ,either raw or cooked. Artichokes grow best 'in low 
ground near the seacoast. They are extensively cultivated in Central 
and Southern Europe, where they have beell more appreciated for food 
purpGses than in the United States. However, the plant is now impor­
tant in California, where increasing numbers are grown. Artichokes are 
canned or used as.a fresh yegetable. 

Asparagus 

Asparagus (Asparagus o.fficinalis) is a natiye of temperate Europe and 
'Western Asia, and still grows in a wHd state· in saline areas. It has been 
known and prized by epicures since Roman times and is widely grown 
and u~cd throughout Europe, It was early introduced into the .. United 
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cence forms a large head of abortive flowers on t.hick hypert.rophied 
branches. The leaves are often tied around the mass of flowers to keep 
them white. In broccoli the heads are smaller and the leaves larger, 
and the whole plant IS green. Cauliflower and broccoli are very old, 

FIG. 188. Kohlrabi plants (Brassica oleracea var. gonoylodes) , showing the distinctive 
habit. (Courtesy of the JJassachuse/ts Horticultural Society.) 

They are more delicate and easicr to digest than cabbage, and are it 
favorite vegetable in all temperate regions. 

Celery 

Celery (Api1lln graveolens) is a natiye of temperate Europe from 
England to Asia :Minor. In a \\,ild state the plant is tough and rank with 
an acrid and poisonous juice. It grows in marshes, ditches, and other 
wet places. Under cultivation (val'. dulce) it is a biennial forming a 
fleshy root and clump of compound leaves with long leafstalks. These 
leafstalks constitute the celery of commerce. They are large and succu­
lent, and their quality is much improved by blanching. This is done by 
placing boards, dirt, or paper around them to shut off the light and so pre­
vent chlorophyll from developing (Fig. 189). Celery requires a rich 
sandy loam and lots of water. It is grown in the south of the United 
States in winter, and in the north in summer. Commercial celery grow­
ing has become an important industry with an annual production of 
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around 20,000,000 crates. California, Florida, 'Michigan, and New York 
lead. Celery was formerly grown in the Old World for its foliage, which 
was used for flavoring and as a garnish and for medicinal purposes. The 
roots are often boiled. The outer stalks, which are too tough to eat, are 
used as a basis for cream of celery soup. Celery seeds are grown to be 
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FIG. 189, Harvesting late c'elery (Apium araveolens var. dulce). Note the way in which the 
rows are banked with ,dirt. This blanches the leaf stalks by preventing chlorophyll from 
developing,' (Courtesy 0/ the UniL'ersity of ,1Jassuchllsetts.) , 

used as a savory. The larger turniplike roots of a European variety, 
celeriac (var. rapaccllrn), are often used for soups and flavoring. 

Chicory and Endive 

The chicory (Cichoriurn Intyblls) and the endive (C. Endivia) have been 
cultivated for over 1000 years, but are still very wild looking and show 
but slight effects of their association with man. 

Chicory is a perennial with a long taproot, a coarse branching stem, and 
numfTOUS basal leaves. The flowers are usually blue. The plant is a 
native of Europe, but is a common weed in the United States. It is much 
used abroad as a salad plant or for greens. The roasted root is an 
important adulterant of coffee. 

Endive is a native of India. It was a favorite salad plant of the 
Egyptians and Greeks, and is grown today in every European country. 
It is becoming more important in the United States. The young basal 
leaves, which often have curled margins, are used as a salad. They are 
frequently blanched. The plant is an annual or biennial. 
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Lettuce 

Lettuce (Lachlca sativa), a nati\'e of Southern Europe and 'Vestern 
Asia, is descended from the wild lettuce (L. Scariola), a common weed of 
roadsides and waste land in both the Old and N e,,' Worlds. I t is another 
herbage \'egetable of great antiquity. The Greeks cultiyated three 
Yarieties, the Persian kings used it as early as 300 B.C., and the :Moors 
de\'eloped many types, among them the present-day romaine. Nearly 
all the forms now grown seem to have been known in Europe prior to the 
rvIiddle Ages. The plant, produces a basal rosette of leaves, and later in 
the season a stalk with flowers and fruits. Lettuce has a milky juice. It 
is of little value as a food, excep't for its vitamins and iron salts. Several 
hundred varieties are grown. Formerly cultivated only _in home gardens, 
lettuce is now an important commercial crop. It thriyes best in a sandy 
or loamy soil and requires cool w'c'ather and-not too much sun. Among 
the principal types are head, cos, romaine, and cut-Iea;-'~'ed forms. 

Rhubarb· 

The succulent acid leafstalks of the~rhubarb (Rheum Rhapontic1l1n) are 
much used for pIes and sauce. The plant is it native of Asia, where it still 
grows wild. It is a pereimial with large rhi"zomes and produces early in 
each season a number of very large leaves, and, later, elongated flower , 
stalks which bear dense masses of tiny whitish flowers. It is extensively 
cultivated as a food plant, and sometimes as an ornamental plant, in 
temperate portions of Europe and America. Rhubarb has nearly 95 
per cent \vater with a little sugar arid fat and salts of oxalic and malic 
acids. A wine is sometimes made from the juice. 

Spinach 

Spinach (Spinacia oleracea) is perhaps the commonest herbage vege­
table used for greens. It is a nati\'e of Southwestern Asia and is widely 
cultivated in cool regions where there is an abundance of water. 'Early in 
the season it produces a large number of basal leaves, and later the 
flmyering part. It is an annual, occurring in se\'eral forms. In addition 
to its use as a pot herb, spinach is now canned in large quantities. 

Minor Herbage Vegetables 

Among cultivated herbage vegetables of lesser importance may be 
mentioned Chinese cabbage (Brassica pekiiwnsis and B. chinensis) , an 
annual plant used for greens and salads; the dandelion (Taraxacum 
o.UicinaIe) , long popular for greens in a ,dId state, and now grown com­
mercially; water cress (N asturtiliin officinale), an aquatic perennial much 
used for salads; New Zealand spinach (Tetragona expansa), a warm-
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Many wild species are used by country people for pot herbs, particularly 
in the spring. The leaves of beets, turnips, and mustard are also utilized. 

FRUIT VEGETABLES 

Fruit vegetables are technically fruits, but they are rarely eaten in the 
raw state except in salads and usually require cooking. In other words, 
they are used as vegetables rather than as fruits. In their food value and 
other properties they resemble the other vegetables. 

Avocado 

The avocado or alligator pear (Persea americana) is a small tree native 
to Mexico or South America and grown extensively in Central America 
and the 'Vest Indies for many years. The use of avocados is increasing 
in the "United States and the plant is now of commercial importance in 
California anci Florida. They are often marketed as calavos. The 
brownish-green pear-shaped fruit, from 4 to 6 in. in length, is really a 
one-seeded berry. The pulp surrounding the large seed has a buttery 
consistency and contains up to 30 per cent fat, considerable carbohydrate 
materir.l, and more proteins than any other fruit. The yitamin content 
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is also high. OYer 500 yarieties are knowll. There are three races: the 
Guatemalan, 'Yest Indian, and :Mexican, differing in shape, size, and 
hardiness. Ayocados constitute a yaluable human food and may be 
eaten as a salad fruit or cooked. 

Breadfruit and Jack Fruit 

The breadfruit (Artocarplls alWis) is one of the most important food 
fruits in the world. It is a nath'e of lVIalaya, but is now widespread in 

FIG. 191. Leaves llnd fruit of the breadfruit tree (Artocarpus altilis). The breadfruit is 
one of the most important fruits of the tropical world. 

the tropics, particularly in Polynesia. It has been cultivated since 
antiquity. The tree is \'ery handsome, reaching from 40 to 60 ft. in 
height, with deeply incised leaves. The prickly fruits (Fig. 191), which 
are about the size of a melon, are brownish yello,,' when ripe, with a 
fibrous yellow pulp. They are often borne in small clusters. The bread­
fruit is eaten fresh or cooked. It is either baked, boiled, roasted, fried, or 
ground up and used for bread. During the few months when the fruit 
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cannot be obtained, a paste that has previously been made is used. _ Over 
100 varieties are known, some with seeds and others seedless. Few 
plants furnish a more wholesome food for man and beast, or have a 
greater yield. An eight-year old tree will produce between 700 and 800 
fruits. The carbohydrate content is especially high. 

The jack fruit (Artocarpus heteropbyll1ls) has a similar use. It is an 
Indo-Malayan species, now widely dispersed in the tropics. The hand­
some tree reaches a height of GO to 70 ft. It has entire leaves and huge 
fruits, 1 to 2 ft. long and "'eighing from 20 to 40 lb., which are borne on 
the trunk. 

Chayote 

The chayote (Sechiwn edule) is a trailing vine of tropical America, 
which produces a gourdlike fruit _ much prized as a '-egetable. The 
applelike fruits are technically pep os, -berries with a' spongy -pulp and a 
hard firm rind. The plailt is a perennial \"ith large tuherous roots. 
Both the fruits and tubers were among the principal foods of the Aztecs, 
Mayas, and othe~ primitive peoples of Central An~ei·ica. It has been 
grown in the Southern states for ma~.)' yem:s, but only recently has 
become of commercial importance. Chayotes grow- vigorously and have 
a prolific yield. The plant has many uses. N at only are the 'tubers and 

• fruits valuable for food, but the foliage can be used for greens or forage 
and the y01111g shoots setTe as a substitute for asparagus .. The straw is 
valuable for making 'baskets and hats. It can ,also be gro,wn as a bee 
plant or for on~amental pllrposes'. . 

Cucumber' 

The cucumber (C1lcllrnis sativlls) is anoth~r gourd fruit, probably 
indigenous to southern India. It lias-_-been cultivated for _ 4000 years. 
The earliest writings of the Hebrews, Egyptians, Gre'eks, a:nd Romans 
have numerous refe!'ences to this plant. It had reached Eui'ope by the 
seventeenth century and is liow widespread, The cucumber is a rough­
stemmed trailing vine with yellow axillai:y flowers and round to elongate 
prickly fruits. The water content is high, 9G per cent,'so there is but 
little food value. The English forcing cucumbers have a smooth, usually 
seedless fruit, sometimes 2 ft. in length. Cucumbers are eaten raw, 
pickled, or cooked. 

Pick18s are made from small cucumbers or special varieties, such as the 
'Vest Indian gterkin (Cuc1l1nis Anguria), which has tiny fruits with a thin 
flesh and numerous seeds. The fruits are soaked in brine tanks and 
treated \vith boiling \-inegal'. Sometimes spices, like dill, are added to 
give a special flavor. About 5,000,000 bu. are used for pickling. The 
northcnstern United States is the center of the industry. 
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Eggplant 

The eggplant or aubergine (Solanwn llIclongena) is a native of India, 
but is widely grown in the warmer regions of both hemispheres, especially 
in the West Indies and southern United States. Florida, New Jersey, 
Louisiana, and Texas are the leading states. Se,"eral taxonomic varieties 
may be recognized. The plant is an erect branching herb, seyeral feet in 
height. The fruit is a large, oyoid, whitish or purple berry about the 
size of a coconut. The plant is culth"itted as an annual and requires a 
high tempei·ature. The fruit is usually cut into slices and fried or broiled. 

Okra 

Okra (IIibisc1ls esculcnt1ls) is a natiye of tropical Africa. It was 
cultiyated by Europeans as early as A.D. 1216, and has now been intro­
duced into most warm tropics and sub~ropics. The plant is a stout 
annual, mLwh resembling cotton in its habit. The young pods are very 
mucilaginous and are much used in soups under the name" gumbo," 
the Spanish word for okra. Okra is also cooked in various ways. It is 
often dried or canned. The stems and mature pods yield a fiber used in 
papermaking and for textiles. 

Pumpkins and Squashes 

Pumpkins and squashes (Fig. 192) are gourd fruits belonging to the 
genus Cucllrbita. There has been considerable speculation as to whether 
they are natives of America or Africa. The present evidence indicates 
that they are all definitely of American origin. The five cultivated 
species have never been found in the wild state and have been important 
in primitive agriculture for centuries. At least two were grown in Peru 
as early as 2000 B.C.; C. Pepo was cultivated by the North American 
Indians at about the same time, and C. moschata by A.D. 312. _ 

The plants are coarse annual vines with large yellow flowers and fruits 
that rest on the ground. The numerous varieties are insect pollinated 
and readily cross. Immature fruits are used as a fresh vegetable, stewed, 
boiled, or fried, while mature fruits are baked, canned, or fed to livestock. 
The seeds are rich in fats and proteins and can be utilized as the source 
of an edible vegetable oil. Pumpkin seeds, fried in deep fat and salted, 
are now in the markets under the name of pep it os. 

C1lcurbita Pepo includes the field pumpkins used for pies, canning, and 
cattle feed; the summer or crookneck squashes; acorn squashes; the 
scallop squashes, pattypans, or cymlings; zucchinis; vegetable marrows; 
and small inedible gourds grown for ornamental purposes. C. moschaia 
includes autumn and winter yarieties such as the butternut. C. mixta, a 

, 
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species recently separated from C. moschata, comprises the cushaw 
squashes and seyeral gourds; C. maxima includes such autumn and winter 
squashes as the buttercup, mammoth, Hubbard, and turban. C.ficifolia, 

FIG. 192. Four yarietics of squashes. From left to right. buttercup; Hubbard (Cucurbita 
maxima); Des Moines (C. Pepo); butternut (C. moschata). (Courtesy of the Massachusetts 
H orticuitural Society.) 

the only perennial species, has had a long period of cultivation in Latin 
America. The Malabar and other ornamental gourds belong here. 

Tomato 

The tomato (Lycopersicon esculentum) was probably originally confined 
to the Peru-Ecuador area, from which it spread northward. in pre­
Columbian times to Mexico, where it was first domesticated. The 
Spanish explorers carried the plant to Southern Europe where it was eaten 
for a long time before it was utilized by the people of Northern Europe 
and the United States. For many years it was considered to be poison­
ous, and was grown only for ornamental purposes under the names 
"tomatl," "love apple," or "p(Hnme d'amour." Today it ranks next to 
potatoes and sweet potatoes in importance. Tomatoes are coarse, 
branJhing, erect or trailing herbs, with a true berry for a fruit (Fig. 193). 
They differ greatly in habit depending on the environmental relations 
and the kind, over 175 of which are grown. Several taxonomic varieties 
may be involved. The Mediterranean region and the United States are 
the most fa\r0~able regions for tomato growing. In California the plant 
is a perennial, but in the rest of the country it is grown as an annual. In 
the Northern and Central states the plants are started in a hotbed and 
later ~ransp1anted. Tomatoes are eaten raw or cooked, and are also 
preserved. They are especially rich in vitamins. Only the pulp, which 



384 ECONOJl1C BOTANY 

retains is characteristic flayor, is used in canning. The waste material, 
consisting of skins, cores, seeds, and unripe parts, was formerly discarded. 
This is now utilized and a fixed oil is expressed, which can be used for 

FIG. 193. A fruiting spray 'of greenhouse trellb tomatoes (Lycopersicon cscllientum). 
(Courtes]J of the University of ,1! assachllsetts.) 

food, soap, or as a drying oil. The oil cake is of value as a stock feed. 
Ripe tomatoes aTe also used for chili sauce, ketchup, tomato juice, and 
tomato pastes, while green tomatoes are used for pickles. and preserves. 



CHAPTER XVIII 

FRUITS OF TEMPERATE REGIONS 

Ancient man must have learned early in his career to appease his 
hunger and eke out his existence by eating the numerous wild fruits, which 
everywhere attracted his attention. He soon became a,~are of the inedi­
ble nature of some of these fruits, and these Jl:e aVQided. At first the 
nomadic tribes were content to gather in a region where the~dible wild 
fruits were most abUlldant and to linger I~Jllg enough.to harvest them 
before mo,"ing on. Later man began to cultivate these fniits, choosing 
those with the best taste and the largest yield, _as well-as those which were 
easiest to grow. Finally, as ci,'ilization _pr9gressetf and as the nutritive 
qualities and physiological action of these foods were studied, our present­
day fruits were gradually deyeloped. IVlost of the changes and improve­
ments have been brought about by selection and hybridization. -- In many 
cases wild fruits are still used, both by primith"e peoples and by Civilized 
nations as well. In America the wild fruits used by the Indians were 
first cultiyated after the adyent of the white man. 

It is interesting to note that a great many of the fruits grown today had 
their origin in the same par~ of Asia that was the earliest home of man. 
Thus from the ,"ery beginning man has had close contact with them, and 
his history has closely paralleled theirs. This is particularly true of the 
rose family, which includes a large number of our most familiar fruits, 
such as the aPl)le, pear, cherry, plum, apricot, raspberry, blackberry, and 
strawberry. Apples and plums still grow wild in great profusion in the 
mountains of Central and 'Vestern Asia. 

In his gradual dispersal over the surface of the earth man carried his 
food plants with him. He early reached the Mediterranean region, and 
here he found an area particularly well adapted for the growing of fruit. 
In t'1is region, with its dry summers, its mild winters, and its fertile soil, a 
multitude of plants, once widely scattered, were brought together from 
their natiye homes and improved and perfected. l\Iany varieties were 
known tv the Greeks, Egyptians, and Romans, and fruit growing was an 
important part of their civilization. The Dark Ages failed to wipe out 
the knowledge and experience gained by these ancient people, and, once 
revived, agriculture and horticulture ha,"e been carried on continuously 
in mG'3t of the regions with a high degree of perfection. Fruit growing is 
now carried on all over the world, often in areas not suitable for the 
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cultiyation of cereals. The ear~y settlers in the United States brought 
fruit seeds and plants with them, and eventually these have spread over 
the country. Commercial fruit growing has become increasingly impor­
tant, especially on the Pacific Coast. Today, California, Washington, 
and Oregon consti.tute one of the largest fruit-producing areas of the 
world. 

Food Value of Fruits. In temperate regions fruits arc considered more 
as an agreeable addition to the diet than as a staple food. In the tropics, 
hm\"e\"er, the re,oerse is true, and fruits may often be the chief, and even 
the only, source of food, as in the case of the banana, plantain, date, fig, 
coconut, and breadfruit. Our temperate fruits ha\"e only a slight nutri­
tiYe value. The water content is about 80 per cent, and the remainder 
consists of cellulose, which may ha,oe some roughage Yalue, and a solution 
of sugars, starches, pectin, and organic acids, flavored with essential oils 
and aromatic ethers. Carbohydrates are most abundant, the exact 
amount and ki.nd of sugar being determined -by the stage of ripeness. 
Fats and proteins are negligible. Organic acids, however, are present 
in greater amounts than in any other plant products. These are chiefly 
malic, citric, and tartaric acids. The various pectin compounds are 
importan.t for they ha"e the property of forming a jelly under proper 
conditions. l\Iineral salts are also present in considerable quantities. 

Preservation of Fruits. Because of their perishability, man}; ways of 
preselTing fruits have been dmoised. These include drying, salting, and 
smoking; s,Yeetening with sugar. honey, and spices; preselTing in alcohol 
or chemicals; pickling in yinegal'; packing in fats; sterilization; canning; 
and freezing. The most important processes at present are drying, 
canning, and freezing. Drying has long been a fa\Oorite method. Bac­
teria fail to deyelop when the water c\,mtent is below 25 per cent. The 
common drying agents are the sun and hot air. Often the evaporation 
plants are on a huge scale. Some fruits are cooked with sugar before 
drying. Canning has always been important, for both dom~stic and 
commercial purposes. A strong solution of sugar, honey, or glucose will 
keep out agents of decomposition; consequently great quantities of fruit 
are preserved as jams, jellies, marmalades, and candied fruits. The 
quick-freezing -or cold-pack method of presenoation is very effective. 
The fruit is placed in small containers, and the heat is extracted rapidly 
from both the top and the bottom of the container. This results in 
the formation of smaller ice crystals as the material freezes and the 
consequent better quality, color, flavor, a"nd vitamin content of the 
product. Quick-freezing is equally practicable for commercial or home 
use. Although it has been utilized since about 1905, it has become impor­
tant only recently. In 1936, 70,000,000 lb. were frozen, but by 1946, the 
amount had increased to 4.50,000,000 lb. Hmye,oer, the development of 
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improved cold-storage methods and increased facilities for transportation 
in recent years have made it possible to use fresh fruit to a greater extent 
than ever before. Today the production of fresh fruit has become an 
important industry, and it is possible to draw on all parts of the world 
for the supply, which is virtually unlimited. Of the thousands and 
thousands of edible fruits only about 100 are cultivated, and of these not 
more than 50 per cent reach the Northern markets. 

Classification of Fruits. The classification of fruits is very varied. 
Technically a fruit is the seed-bearing portion of the plant, and consists 
of the ripened ovary and its contents. Usually the ovary alone" is 
involved in the formation of the fruit, but in the accessory fruits other 
structures, such as the calyx and receptacle, are ill\·olyed. Simple fruits 
are derived from a single ovary, and compound fruits from more than one. 
In the latter case the aggregate fruits are formed from numerous oyaries 
of the same flower, while multiple fruits come from the ovaries of different 
flowers. All these may be either dry or fleshy. In our discussion of food 
plants we have already considered the edible dry fruits; the grains, 
legumes, and nuts; and also certain fleshy fruits that are usually classed 
as yegetables. The present chapter will be concerned only with those 
fruits which are usually eaten without cooking, to which the term" fruit" 
is restricted in common usage. For cOlwenience the fruits of temperate 

• regions will be considered first, followed in the next chapter by the more 
important of the tropical fruits. 

POME FRUITS 

The pome fruits are simple accessory fruits in which the mrary is sur­
rounded by a fleshy outer portion derived "from some other part of the 
flower. Authorities differ as to the morphological nature of this edible 
portion. Some consider it to be a fleshy calyx, but the most recent 
studies indicate that it is an enlarged receptacle. In either case the 
ripened ovary forms the core only. In most of the pomaceous fruits the 
flesh entirely surrounds the carpels, but in the medlar the carpels are 
exposed at the top. Although the "word" pome" is restricted to this type 
of fruit, "pomology" retains its original Latin significance and refers to 
the whole subject and practice of fruit growing. . 

Apple 

The appl;~ (pyrus J1[ a111s) occupies the first place among fruits of 
temperate regions in importance and extent of culth·ation. It is a native 
of Eastern Europe and Western Asia and has been growil for over 3000 
years. Apple seeds have been found in the remains of the Lake Dwellers. 
Twenty-two kinds were known to the Romans, and today there are over 
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G500 horticultural forms. This great number is due in part to the readi­
ness with \\'hich apples hybridize and to their great nu·iability. 

The apple is a low round-crowned tree rarely exceeding 40 ft. in height. 
I t may reach an age of 100 years. The wood is hard and dense and is used 
for tool handles and fire\yood. The attractive pink and white flowers 
and the leans are borne together, usually at the ends of short twigs, 
known as spurs. Apples are adapted to many different soils and climates. 
The best yield is obtained where the soil contains a slight amount of lime. 

FIG. 194. A fruiting branch of russet apples. (Courtesy of the JIassachuseits Horticultural 
Socidy.) 

Although apples are hardy and can be grown as far north as G5°N.L., they 
are subject to frost injury. They are not grown in the tropics. North 
America, 'Yestern Europe, .A.ustralia, New Zealand, and South Africa 
are the chief apple-producing regions. 

The apple was brought to America by the early colonists as soon as it 
was found that the native species were of little value. By 1750 there 
were many well-established orchards. At the present time apples are 
grown from N oya Scotia to Georgia and west to the Great Plains, and 
from the Rocky l\Iountains \\'cstward, except in the Southwest. The 
most important regions are the Northeastern, Crmtral Atlantic, and 
Pacific Coast states. Apples (~an be grown from seerl, hut they arc usu-
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ally propagated by grafting or budding. Summer, fall, and winter 
varieties (Fig. 1\)-1) are cultivated. Washington, New York, Virginia, 
Pennsyh'ania, California, :i\Iichigan, Ohio, and ,Vest Virginia lead in 
production in the order named. Canada is also a large producer. 
Apples are picked when fully ripe in order to allow ample time for all the 
chemical changes that take place during ripening. These inyolve an 
increase in the amount of sugar and a corresponding decrease in starch 
and acidity. 

Until the end of the last century apples were practically the only fresh 
fruit available from No,'ember to June:' ,'This was due to their excep­
tional keeping qualities. Apples are dried in large quantities, as well as . 
eaten raw and cooked. A· c'onsiderable amount is, canned, usually as 
applesauce. The' jliice is cOllYerted into cider aild vinegar. The sugar 
in fresh apple juice is readily changed into alcopol by: the action of wild 
yeasts. When the :11coholic content is at its maximum, hard cider is the 
result. Later acetic acid bactei·ia convert the alcohol iiltO acetic acid or 
vinegar. Applejack is an' alcoholic be,'erage made from cider. Other 
by-products include apple concentrate, apple powdei·, apple pumice, and 
apple syrup, the last used in bread, cigarettes, and smoking tobacco to 
maintain the proper moisture content .. 

Crab apples produce a small yellowish or' reddish fruit about 1 in. in 
• diameter. Although there are' several native American species, their 

fruits are of little value, and they are rarely grown, except for their 
attractive flowers. C The crab 'apples of cultivation are usually hybrids 
between the common apple and the Siberian crab apple (pyrus baccala). 
Many oriental species have been introduced·for ornamental purposes and 
are growll for their showy fiowers. ~ 

Pear 

The common pear (pYl"llS communis) is likewise a native of Eurasia, 
and it was knowll to all the ancient peoples. It resembles the apple in 
general appearance, although it is taller and more upright. The flowers 
are usually white and appear with the leaves. The characteristic pyri­
form fruit (Fig. 195) has a persistent calyx. The pear is sweeter and 
more juicy than the apple, and the flesh contains numerous grit or stone 
cells, a specialized type of cell with exceedingly thick walls. Pears are 
less hardy and have a more restricted range. They prefer heayy soils 
with considerable humus and good drainage and regions with a fairly 
equable climate, such as occur near large bodies of water. They are 
propagated from seed and by grafting. Pears are extensively grown in 
Europ(~, where over 5000 kinds are recognized. . France is the leading 
country. The United States produces about 23 per cent of the world 
output. Argentina, South Africa, Australia, anel New Zealand are other 
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important growers. Pears are picked by hand before they are fully ripe. 
The European pear is the source of most of our eating pears. 

The Chinese or sand pear (Pyrlls pynfolia ,oar. culta), the source of many 
of the ,oarieties grown in this country for cooking purposes and storage, 
is a nati,oe of China. Thc flowers appear just before the leaves. The 
large fruit has a dceiduous calyx and a Ycry gritty, hard flcsh with excel-

, 
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FIG. 195. A fruiting branch of the pear (Pyrus communis). (Courtesy of Breck and 
Company.) 

lent keeping qualities. This pear is frequently used III hybrids and 
grafting with the common pear. 

In 1947 the United States produced 35,312,000 bu. of pears. Cali­
fornia, "Washington, Oregon, and New York are the leading states. 
There is a large export trade with Europe. Pears are used for table fruits 
and great quantities are canned. A beverage, perry, similar to cider is 
made from the juice. 

Medlar 

The medlar (lIJespilus germanica) is a small tree with spreading 
branches borne at right angles. It is a native of Europe and several 
varieties are cultivated, chiefly in England. The brmvn apple-shaped 
fruit has a harsh flesh and rather acid taste. It is used for jams and 
jellies, and somewhat as a table fruit. 
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Quince 

The quince (Cydonia oblonga) has also been cultivated from very 
::Lllcient times. It was much esteemed by the Romans. It is a native of 
Western Asia from Iran to Turkestan, and still grows wild. In spite of 
its long cultivation it has been but little changed from the wild form. 
It is a small tree from 15 to 20 ft. in height with many crooked branches. 
Under cultivation it is sometimes a .large bush. The fruit is round or 
pear-shaped and quite large.' The leayes are densely tomentose beneath, 
and e,'en the fruit is wooly when young. The golden-yellow flesh is hard 
and rather unpalatable. The seeds haye a mucilaginous co,'ering and 
are of yalue in medicine. The fruit is rarely eate!l raw, but is used for 
jelly and marmalade, often combined with apples and pears. It is also 
canned. The chief. producing states are California, Ohio, Pennsylvania, 
and N ew York. 

STONE FRUITS. 

The stone fruits or dl:upes a~'e fte'shy fruits with a single seed enclosed 
in the hard inner portion of the ripeiled ova,ry ,v:alL', There are three 
regions in the fruit: .the outer skin or epicarp; the fleshy edible mesocarp; 
and the stone or endocarp, which contains the seed. 'Most of the drupa-

• ceous fruits of temperate regions belong to the genus Prllnus. They are 
trees and shrubs, which ofteli exude a natural gum, The leaves, bark, 
and seeds contain a glucoside, amygdalin" which is readily converted to 
prussic acid and may cause poisoning. " The stone fruits ~nd pome fruits 
are often classed for horticultural purposes as orchard fruits. 

Apricot 

The apricot (Prunus Armeniaca) is a native of Asia, where it still grows 
wild over a wide area. It was cultivated in China as early as 20.00 B.C., 

and soon reached India, Egypt, Persia, and Armenia. It was introduced 
into Europe in the first century. The apricot is a small tree 20 to 30 ft. in 
height with pink flowers produced before the leaves. The fruit, which is 
peachlike in color and shape, is velvety when young and has a yellowish­
orange flesh. The stone is smooth and flattened. The apricot is sus­
ceptible to frost and is grown only in ,,'arm temperate regions, chiefly in 
China, Japan, and Northern Africa. In the United States over 90 per 
cent of the C1'(,p is grown in California and the balance in '\Vashington 
and Utah. In 19·!G, 306,000 short tons were produced. Apricots arc 
used as a table fruit in the regions where they are grown. They are also 
dried, irozen, canned, candied, and made into a paste. A substitute for 
almonc1 oil is expressed from the seeds. 
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Cherry 

The cherries are trees with a birchlike bark, white or pinkish flowers 
produced in clusters, and small, smooth, long-stemmed fruits with a 
round smooth stone. They are natiyes of Eurasia and were cultivated 
long bcfore the Christian era. They have been grown in the United 
States since colonial times. The oyer llOO ,oarieties which have beim in 
cultinltion arc referred to two distinct species. The fruits of the native 
American cherries are of no commercial yalue. 

The sweet cherry (Prunus aviwn) is a tall long-lind tree with yellow or 
greenish fruit. It has a rather restricted-range in this country and is 
grown only in regions with an equable ~limate, such as i\ew York; the 
Lake States, and tIle Pacific Coast: There are some 600 varieties in 
cultivation; It is used chiefly for fresh fruit. 

Tile soUr cherry (Pnmus Cerasils) is a smaller tree, ,yith a heavy wood 
and red fruits. - It is grown in the Atlaritic States and westwm~d to the 
idississippi yalley. . New Y" ork, ,Visconsin, and :\Iichigan lead in the 
production of SOliI' cherries, which are ·used chiefly for canning purposes 
and freezing. Three hundred ,oa.rieties are grown. 

Cherries ~re used as table fruits, in pies, for glace fruits, and in caiming. 
For the last purpose they are often bleached in fumes of sulphur and 
treated with brine and sodium sulphite to harden the flesh.' Cherry • 
braridy ~r kirschwasser and maraschino are distilled from cherry juice. 
:\Iaraschino cherries are grown in Dalmatia. The juice is also used for 
syrup,: cherry cider, and jelly. A fixed oil can be obtained from fresh 
seeds. . -

Cherries are widely grown in temperate regions, and are especially 
important in Germany, Italy, and other Southern European countries. 
The United States in 1947 produced 172,140 small tons. Ne\y York, 
J\fichigan, California, 'Yashington, and Oregon are the leading states. 

Several species of .Japanese flowering cherries, chiefly Pnmus serrulata, 
are cultivated for ornamental purposes. 

Peach 

The peach (Prwms Persica) is the second most important fruit in the 
United States. The tree is a native of China, where it has been grown for 
thousands of years. l\"umerous varieties have been developed there, and 
many legends haye sprung up in regard to the fruit. The peach reached 
the IVlediterranean region very early in history and the Romans kne\y at 
least six kinds. It was brought to the United States by the early colo­
nists. Today it is cultivated in most temperate countries, particularly in 
Southern Europe, the United States, South Africa, Japan, and Australia. 
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Between 2000 and 3000 varieties are grown, few of which reach the 
markets. 

The peach is a low tree, rather short-lived and susceptible to frost 
injury and low temperatures. The-attractive pink flowers are produced 
before the leaves. The round fruits (Fig. 196) have a velvety skin and a 
compressed, pitted or furrowed stone. The peach does best in a sandy 
soil. The eommei-cial orchards are usually near Im;ge bodies of water. 
In 1947, 82,270,000 bu. were grown, with -California, South Carolina, 
Georgia, Michigan, and Washington leading in production. 

Peaches are a favorite table fruit. However, they are very perishable 
and so are hard to transport and store. They are the most popular fruit. 
for canning. A considerable quantity is also dried or frozen. Both 
fixed and volatile oils, akin to almond oils, are obtained from the seeds. 
During the First and Second World \Vars peach stones were used as a 
source of charcoal for gas masks. 

Nectarines (val'. ncctarina) are closely allied to the peach. They have 
a smooth 3kin and are smaller, and are grown chiefly in California and 
Texas. 

Plums and Prunes 

Plums are shrubs, or small trees, ,,,ith white flowers and large, smooth, 
clustered fruits with a bloom. The smooth stones are flattened. The 
commPfcial plums of the United States are derived from three main 
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sources: the European plums, native American species, and Japanese 
species. These three types haye such diverse climatic requirements that 
plums of some sort can be grown all over the United States and \yell into 
Canada, except in the colder regions. The Pacific Coast, hO\yever, has 
80 per cent of the plum trees. 

European Species. The European plum (Prwws domestica) is a native 
of Eurasia and still grows wild in that region. It has been cultivated for 
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FIG. 197. The beach plum (Prunus maritima) in fruit. (Courtesy of the Jlassachusetts 
II orticult ural Society.) 

more than 2000 years, and ,,'as known to the Lake D\\'ellers and the 
Greeks and Romans. Today it is the best known and most widespread 
of all the plums. It \\'as brought to America by the colonists, and is now 
grown on the Atlantic and Pacific coasts and in the Lake States. It is a 
large tree, 30 to 40 ft. in height, with variously colored fruits. Over 900 
varieties are cultivated, particularly in Europe. These include the green 
gages, egg plums, and prunes. Prwws insititia, a smaller and more hardy 
plum, has also been grown for over 2000 years and occurs wild in Europe 
and Asia. It includes the damson and bullace plums. Another variety, 
the sloe (P. spinosa) is much us_ed in Europe in making liquors. 
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American Species. The various American plums have been derived 
from native species in recent times. They are hardy and m;e grown in 
the 1'dississippi valley and in the South, where the European types do not 
thrive. Several species have been domesticated, chiefly Prunus ameri­
cana, with some 200 forms, P. hortulana, and P. nigra. The fruits of the 
last two species are small and not very palatable, and 'so are used chiefly 
in preselTes and marmalades. 

Thf' beach plum (Prunus maritima) (Fig. 197), which grows in sandy 
soil from southern Maine to Virginia, is used locally for preserves and may 
eventually become of commercial importance, as· it is attracting the 
attention of plant breeders. 

Japanese Species. Prunlls salicin a and other Japanese species were 
introduced into California at the end of the last century. Nearly 100 
new varieties and hybrids have been developed by Burbank and others. 
These i:1ums are not much used but they have a wider range of cultiva­
tiun than even the European types. 
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Plums are used for fresh fruit, cooking, canning, and jams. They are 
picked when mature, but not quite ripe, if they are to be used as table 
fruit. For use in canning and jams they are allowed to ripen longer, and 
for prunes they must be fully ripe. The 1947 production of plums was 
7S,000 tons, 74,000 of which were grown in California, the balance in 
l\Iichigan. 

Prunes. Prunes are plums with a high sugar content, and can be cured 
"'ithout removing the stone. Large fruits (Fig. 19S) of European varie­
ties are picked carefully and the skin is ruptured. They are then dried, 
either in the sun or by artificial heat, after which they are allo,,"ed to 
"s\yeat" for a fe,," weeks, and are finally graded and "glossed." This 
process, which consists of heating in steam or salted boiling water, glyc­
erin, or fruit juice, gives a glossy appearance to the surface and also 
sterilizes the skin. The prune industry is a very important one on the 
Pacific Coast. The 1947 production of prunes was 594,500 tons. Cali­
fornia alone has 6,500,000 trees and produces about 500,000tons annually. 
Europe also produces prunes in large amounts. 

GOURD FRUITS 

The gourd fruits arc trailing tendril-bearing herbs; often of great size. 
The fruit is a pepo, a lllodified berry with a hard and firm rind. They 
include several edible forms, such as the squashes, pumpkins, and cucum- • 
bel'S, which lla ve already been discussed under fruit vegetables; the 
melons and watermelons; and the ornamental gourds. 

Melons 

The melon (C1ICHlIlis Jlelo) probably originated as a wild plant in 
Southern Asia. It is very old and was known to the. Egyptians and 
Romans. The melon reached Europe in the seventeenth century. It is 
now cultivated in most warm temperate countries. Several kinds of 
melons are grown. 

The netted or nutmeg melon is the type grown to the greatest extent in 
the United States. It is also {"hUed muskmelon and, erroneously, canta­
loupe. This melon has a soft rind and netted markings on the surface. 
There are many varieties, one of which is the Rocky Ford, a melon with 
delicious taste and odor, which was first grown under irrigation in Colo­
rado. The true cantaloupe is a European melon that is not grown in 
America. It has a hard \\"arty rind and dark yellow flesh. The winter 
melons, such as the casaba and honeydew, are larger, smoother, and more 
spherical types. They require a longer season for ripening, but have good 
keeping qualities. 

l\Ielons as a rule require a fertile soil and long growing season, with a 
high temperature and plenty of moisture and sunlight. Muskmelons are 
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nearly ripened on the vines, as this increases the sweetness and flavor. 
The ,,'inter melons are ripened in storage. The leading melon-producing 
states are California, Arizona, and Colorado. In the cooler parts of the 
country melons are grown under glass. 

Watermelon 

The watermelon (CitrulZlls vulgaris) is a native of tropical Africa, where 
it has long been used by the wild tribes. It has been cultivated for 
centuries and reached India and Egypt very early in history, as evidenced 
by its having a Sanskrit name and figuring in Egyptian paintings. It is 
still important in these countries, and also in Southern Europe and 
Central and Southern United States. Georgia, Texas, and Florida have 
over 50 per cent of the acreage devoted to this crop. The watermelon is 
an annual plant wit a extensive vines, which may cover a whole field, and 
large fruits that may weight 50 lb. or more .. The reddish"or pink' pulp is 
very sweet and juicy, with white or black seeds. Tlie varieties differ in 
the shape of the fruit, its color, and the thickness of the rind. The plant 
requires a fertile sandy soil with abundant sunshine. The fruits are 
picked when fully ripe and stand shipment well. In 1947 the United 
States grew 81,OG3,000 watermelons. 

A variety (val'. cilroides) with a white, more solid flesh is called the 
"citron" or preserving melon. It is used in" jams, jellies, and preserves, 
and, because of its high pectin content, is added to fruit juices that do not 
jell readily. This plant must not be confused with the tTUe citron, which 
is one of the citrus fruits. 

GRAPE 

Although technically a berry, the grape is so different in appearance 
and of so much more importance than the other berries that it warrants 
special consideration. Grapes grow \yild in many temperate portions of 
Europe, Asia, Africa, and America. They must have been widely dis­
persed by birds even before the existence of man. The culti~ated gl:apes 
of the present day have been derived from European arid American 
species. Grapes are grown in hom~ gardens in every state and com­
mercially in 37 states. California, however, is responsible for 90 per cmit 
of the output. " 

The Europea..,- or wine grape (Vitis vinifera) , the "vine" of the ancients, 
is one of the oluest of cultivated plants. It probably originated in the 
Caspian Sea region of 'Vestern Asia. Grapes are frequently mentioned 
in the Bible. They have been grown in Egypt for GOOO years, and were 
highly developed by the Greeks and Romans. They spread all over 
Europ~ with the Roman civilization, and now are found in all temperate 
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reglOns. The grape is a woody, climbing, tendril-bearing vine with large 
palmate leayes; small, insignificant, s\\'cet-smelling flowers; and large 
clusters of fruits. The Europcan grape has ellipsoidal fruits with a rather 
solid flesh, a high sugar content, and a relatively thin skin that does not 
slip off the flesh readily. In nature the \"ines grow rapidly and reach a 
considerable length, but in cultinttion they are pruned back until they 
are short stout stumps, 3 or 4 ft. in length. Grapes require a loose, well­
drained soil, and hillsides arc often utilized. They are usually propagated 
by cuttings. The European grape js the source of most of the wine 
grapes. It is common all over Europe, especially in the :Mediterranean 
region. This species' is very· susceptible to yarious fungus and insect 
pests, particularly the root louse (Phylloxera) , which at one time threat­
ened the very existence of the grai)e industry. Fortunately the American 
grapes are not so susceptible and they are now used as stocks on to which 
the European \"arieties are grafted. Yitis vinifera \yas introduced into 
the United States as early as 1616 by Lord Baltimore but it did not 
thrive. In spite of many attempts it has never been grown successfully 
in the eastern part of the United States, o\ying probably to its suscepti­
bility to cold and pests. The story is different west of the Rocky. Moun­
tains and the. growing of the European grape has become one of the chief 
industries, particularly in California. This grape is used for wine, for 
raisins, for cultivation under glass, and as a table grape, for it has good • 
keeping qualities. 

There are se"\reral native American grapes that have been domesticated, 
and numerous horticultural varieties of these are grown in the Eastern 
states. Hybrids bet\\"een these native species and the wine grape also 
occur. The northern fox grape (Vilis Labntsca) of the eastern United 
States has given rise to the greatest number, including such well-known 
types as the Concord, Catawba, Delaware, and Xiagara, which are grown 
for the most part in the Great Lakes region; the muscadine grape (1'. 
rotundifolia) has given rise to the scuppernong, a long-lived, vigorous 
variety extensively grown in the Atlantic and Gulf States. F. vlllpina 
and 1'. aestivalis are also in cultivation. The American grapes (Fig. 109) 
are larger and more hardy than the European. The fruit is round with a 
more watery flesh and a thin skin that slips off very easily. They are 
used for eating and for making grape juice, jams, and jellies and to some 
extent for \\"ine. "YVild grapes arc harvested extensively and by many 
people arc preferred to the cultivated forms as sources of jelly. 

Grapes are the source of raisins and the dried currants of commerce. 
Raisins are dried grapes, prepared from wine grapes with a high sugar 
content and firm flesh. Both seeded and seedless varieties, like the 
Sultana, are marketed. The best quality is used for table raisins, which 
are merely dried in the sun. Cooking raisins are prepared from poorer 
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grades and treated with lye and sulphur before drying. In the United 
States all the raisins are produced in California. 

Currants are small dried grapes prepared from a variety that grows in 
Greece. It is a very old type, dating back as far as A.D. 75. Currant 
grmying has always been an important industry in Greece. 

In recent years most of the waste products of the grape industry have 
been utilized in some \my. Fertilizers, stock feed, acetic acid, cream of 
tartar, a fixed oil, and tannin are all prepared from one part or another of 
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FIG. 199. Clusters of Sheridan grapes. This variety may be a hvbrid betw~en Yitis 
Labrusca and V. vinifera. (Courtesy of the Connecticut Agricultural Experiment Station in 
New Haren.) 

the fruit. Grapes are sometimes grown for ornamental purposes, and 
the wood has some value. 

The chief grape-growing countries are Europe, the United States, 
Argentina, Chile, Australia, and South Africa. The United States 
produced 3,036,400 short tons in '1947, with California responsible for 
2,836,000 short tons. N ew York and :lVIichigan are also important states. 

BERRIES 

The term "berry," as in the case of "nut," "fruit," and "vegetable," is 
used in several senses. Technically a berry is a thin-skinned one-celled 
fleshy fruit with seeds scattered through the flesh. According to this 
definition the comato, grape, eggplant, and many other frUIts are berries, 
\~'hile such fruits as the strawberry, raspberry, and blackberry are not 
berries at all, but rather aggregate compound fruits. For the purposes 
of the present discussion the term will be used to include the common bush 
fruits, or berries, of cultivation and the mulberry as well.' In nearly all 
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these fruits wild plants serve as an important source of the crop today, 
just as they have from time immemorial, and the cultivated forms have 
been domesticated in comparatively recent years. It will obviously be 
impossible to list all the species inyolved in the several cases. 

Blackberries and Raspberries 

The blackberries and raspberries belong to the genus Rubus, which 
includes many species and a vast number of hybrids. Comparatively 
fmy of these so-called brambles are of economic importance. 

The blackberries are erect, decumbent, or creeping shrubs, -usually 
armed with thorns and prickles. The erect "canes" die down to the 
ground every' few years and are renewed from the rootstalks. The 

" 

.. ' 
FIG. 200. Red raspberries ready· for market. (Colirtcsy of the VnircrsUy of j[ assachllsetts.) 

vcl vety black fruits are aggregate fruits; consisting of numerous ovaries 
of the flo\yer ripe~ed' into small ch:upelets. 'Vhen picked the fruit does 
not separate from'the somewhat fleshy receptacle. Although blackberries 
can be gro"'n anywhere except in regions ':'ith severe winters or extreme 
heat or drought, they are nowhere of great importance. The blackberry 
is almost entirely an American fruit. The cultivated forms h~ve been 
derived chiefly from Rltbus all, uhanicllsis, R. argutlls, and R. frOlldoslls. 
Trailing species arc known as dewberries, and these include R. jlagcllaris, 
R. trivia lis, and R. vitifolius. Blackberries are used fresh and for jams, 
cordials, preserves, and canning. 

The loganberry (Rubus loganobaccus), which originated in California, 
has very large fruits, but is rather poor in flavor. It is grown for canning 
purposes, both the fruit and the juice being used. The loganberry is 
usually considered to be a hybrid bet\yeen a blackberry and a raspberry, 
hut it may be a distinct specie", or a variety of R. W'sillus. 

The raspberries arc tiIllaller shrubs, usually with _a vigorous, erect, 
bushy habit. They have small prickles or bristles. The aggregate fruit 
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separates from the receptacle when ripe, -thus leaving a cavity on oile 
side (Fig. 200). The black raspberries are derivetl from Rubus 'occi­
dcnlalis of eastern North America, while the red raspberries come from 
R. idacus of Europe, or its American var. strigosus. The European 
species has been cultivated from great antiquity anci was highly esteemed 
by the Greeks and Ro~ans. The raspberry is one of the hardiest of 
fruits and can be gl;own as far north-as Alaska and northern Canada; It 
is used fresh or cooked': and is utilized foi' jams; jellies, vinegar, and as a' 
flavoring material. Large quantities are canned and frozen: 

- -
Blueberries and Huckleberries 

--Wild plants are still the source or-most of our supply of blueberries and­
huckleberries. These plants are low ericaceous shrubs, common on acid 

FIG. 201. Fruiting spray of a high-bush blueberry (Yaccinillm corymbosllm). (Photo by 
F . .1[. ;>carborn.) 

soil throughout eastern North America. In the huckleberry the fruit is a 
berrylike drupe. while in the blueberry it is a true berry. The former 
occurs only in the wild state, with Gaylussacia baccala the chief species. 
Blueberries are now being cultivated in many areas on sandy or clayey 
acid soil and show a remarkable increase in size arid yield over the wild 
fruit. In the so-called blueberry ban;ens of :Maine and adjacent New 
Brunswick the plants are so abundant in the sterile acid soil that they 
can be <mbjected to a crude sort of cultivation. The yield is kept up by 
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frequently burning over the area, and, if other shrubs are kept out, an 
almost pure stand of blueberries results. Often the berries are so numer­
ous that they can be harvested \\'ith a cranberry rake. The industry is of 
increasing importance in .Maine and in many places even forested areas 
arc being cut o\,er and converted into blueberry land. Blueberries are 
eaten fresh or cooked, chiefly in pies, and large quantities are canned and 
frozen. The principal castel'll low-bush species are Yaccinium myrtil­
loides, Y. angustifoliwll, and F. vacillalls; the high-bush species of most 
importance inclllde F. alrococcum and V. corY7llbosum (Fig. 201). Valu­
able western species inClude Y. ova/wit and V. 11lCmbrallaCC1lIn. 

Cranberries 

Cranberries arc 10'\' trailing woody plants, characteristic of bogs and 
wet acid soil throughout ?\' ortheastel'll North America and Northern 
Europe. The fruit is a true berry. The American cranberry (Yacciniu1Il 
macrocarpon) has been an iinpOl'tant cultivated plant since 1840. It is 
grO'yn in acid sandy or peaty bogs, which can be flooded during the winter 
and spring. The berries are picked ,yith a scoop, the cranberry rake, and 
foreign material is removed .by winnowing. Cranberry growing is an 
important and highly specialized industry in IVlassachusetts, with the 
Cape Cod area producing 70 per cent of the crop. ':Much of it is canned 
as sauce or made into a beverage. Cranberries are also grown in \Vis­
consin, ?\ ew Jersey, and to a lesser extent in other states. \Vild plants of 
this species, and the smaller Y. Oxycoccus, fUl'llish some fruit for home 
consumption. The smaller highland or mountain cranberry (V. l'itis­
Idaea) with a firmer, more spicy fruit is abundant in :N orthern Europe and 
is highly esteemed in Scandina,'ian countries; the American form (val'. 
mirws), a boreal and arctic-alpine species, is equally desirable. 

Currants and Gooseberries 

Currants and gooseberries are usually classified in the genus Ribes, 
although the gooseberries are sometimes segregated in Grossularia by some 
authorities. They are low bushy plants, very hardy, and well adapted to 
cold climates. The currants are usually smooth with the flowers and 
fruits in racemes (Fig. 202). In the gooseberries the stem is usually 
armed with spines or prickles, and the flO'\'ers and fruits are solitary. 

Currants are native to both the New and the Old W orIds. The com­
mon red and white currants (Ribes sativzun) are natives of Eurasia. They 
have been grown in Europe since the l\Iiclclle Ages, and ,yere early brought 
to America, where they have become naturalized in many places. Several 
varieties arc grown, chiefly for domestic use, and the plants are likely to 
suffer from neglect for ordinarily they are allowed to take care of them­
selves. They attain their best development in cool humid regions. The 

( 
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European black currant (R. nigr1l1n) , also a native of Eurasia, is but 
little grown in the United States. There are several wild species in 
America with edible fruit, the most important of which is R. americanum. 
Currants are too acid to make a good table fruit, but are much used for 
jams, jellies, sauces, pies, and wine. 

FIG. 202. Leaves and fruit of the red currant (Ribcs sativllm). (Courtesy o/the University 
of .11 assachusetts.) 

The European gooseberry (Ribes Grossularia) , another species of 
Euradian origin, is grown in the cooler parts of both Europe and America. 
The tart round fruits may be red, yellow, green, or white, and hairy or 
smooth, depending on the variety. Gooseberries were formerly much 
more important than they are today. The most important native 
American spec;qs is R. hirtellum. 

Mulberry 

The mulberry is not a berry in any sense of the word. It is a multiple 
access.,ry fruit derived from a whole inflorescence. The actual fruits, 
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little d.choiles:Ol: nutlets, are ,surl'oundctl by the flcshysei)~ls aild 'grouped 
togetllcr :\yitli.· thc:,f]cshy tixis't:6 .form the so-called; sYll(·Ul'i).' The mul­
berries 'arc trecs:luitlv(i'io b~th ~Asi1t imd AmCl:icti,' ':The frllits are yery 
juicy ana 'arcmlich eat,cri'iri, some pmi,::; Of the ,\-arld: They -alsO afford 
valuable food for unim1tls,' particlil:irly hogs and,pooltry.. . ,_ c,:, 

The black niclberry (Monts n:ijra),; an ornaiilental tree 40 t6 60 ft. in 
height, is a native of Asi_a :Minor and Persia.'" It has been cultiyatcd for n. 
long time. ' lUulberries ate'f1:ec}:uently mentioned ~in the' Bible; and the 
tree was familim: to the .Greeks and', Romans. ;1 t i'e:ich~d Euro'pe in the 
twelfth century;julcLis ;n:o~y _naturalized' inboth )<:urope ;tnd -AlIlerica, 
where it is planted 'chiefly: I'n the SoutlleJ.:nstate!3.: The fruitis ])Iack or 

" : , _ - ... ,' ~ . - -'. -'. - -;. _ . _ .• " J. - ~ - ~ _" _" . -

dark red, qnd js 'use,& as :1"des!3,ci:CJruiL " > : . '. '. . , . 
Thy l:eu .n):1.1!1)en;y,(1]Jdr11Sil!b·l.'iL)~):Ji({l:irgest:of ~he:gep.us; is a.ilative of 

eastern,Xort~~:AIrtcrlc~(:,'/Thi'?(ight i'~d oi;:bbckish~fnilts are~ot much 
eaten; excepf by, ~niml).ls,~3'I\e:'Yocia" howe,;er, is vaJuable: _. , 

T,he' '\\;illte~ Ini.dbm:\'j::(J1I (ji:Uf: (llba),' )~itl{ ~\'hite' 'ol;~pinl~i~h frUits; is a 
3mall tree. '. It. is:,~luqh Jess , ha\d)" -than the~_6ther speci'es. _~ .. ~t ;i§ a' native 
of Asia and was introduced into, both Europe and America for its leaves, 
which serve as food for the silkworm. The fruits are of 'but little value. 
In Europe the wood is used and a yellow dye is obtained from the roots. , 

Strawberries 

The strawberry is one of the 'most important of the small fruits and is a 
favorite in all temperate countries. Its only dniwback is its perishable 
nature. The fruit is not a berry, but an aggregate accessory fruit, con-' 
sisting of a number of small dry achenes embedded on the surface of a 
large fleshy receptacle. The strawberry (Fig. 203) is a low perennial 
herb with a yery shoi·t thick stem and trifoliate lea';es. It produces 
numerous runners, which root at the tip and are used to propagate the 
plant. Strawberries have been grown in Europe since the fourteenth 
centurJ~' and in America since colonial days. They need only good soil, a 
temperate climate, and lots of sunshine, and so are widely grown. In the 
Unitecl States their cultivation has been of commercial importance since 
1860, Harvesting begins in the South in the winter and progresses north­
ward with the advancing season until summer finds them fruiting in the 
Northern states. There are three main sources of cultivated strawberries, 
of which there are hundreds of varieties. The native plant of Eastern 
North America, Fragaria virginiana, was gr'own by the early settlers and 
taken by them to England, where it has been cultivated since the seven­
teenth century. The European F. vesca is the source of the everbearing 
types, grown both here and abroad, and often escaping from cultivation. 
The majority of the cultivatecl forms, however, are derived from F. 
chiloensis, a native of -Western America from Chile north,mrd to the 
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mountains of l\Iexico. This species is less hardy than the others. Sti'aw­
berries are a dessert fruit primal:ily, but are also canned, frozen, and used 
in jams arid prcseryes and as a flavoring material. .The United States 
produced 8,895,000 ci'ates in 1947. 

.~. :; 



CHAPTER XIX 

TROPICAL FRUITS 

The numbet' of edible tropical fruits is legion. Thousands of them are 
used daily by the natiye peoples, and most of these are unknown to the 
white man. There are 250 edible fruits in the Philippine Islands alone. 
Sooner or later the people of the united States as well as of other tem­
perate regions will have to turn to a greater extent to the tropics to supple­
ment their own food resources, and fruits are among the best products 
that the tropics have to offer. Improved methods of transportation wiII 
make it possible to use fruits actually grown in the tropics, ,,,hile Florida 
and California have a climate favorable to the cultivation of many 
tropical species. Several tropical fruits have already. been exploited, 
The banana and pineapple are now as familiar as the apple and pear, and 
citrus fruits are known the world over. In comparison with the fruits 
of temperate regions, tropical fruits have been much neglected horti­
culturally and few improvements have been made over the ,,,ild product. 
This condition is now being remedied and with the use of scientific 
methods of fruit growing the products of the tropics should be all the more 
valuable. ,Vhile edible fruits occur in a vast number of families, they are 
particularly important in the A.nacard1'aceae, Annonaceae, ill yrlaceae, 
R1daceae, Sapolaceae, and Sapindaceae. Of these the R1daceae is the best 
known and most important, for it is the source of the citrus fruits. 

CITRUS FRUITS 

The citrus fruits were domesticated from ,,,ild ancestors in Eastern and 
Southern Asia in very early time. Some of them have been cultivated for 
over 3000 years. They were sometimes grown for other purposes than 
eating. Citron, for example, was planted in the famous Hanging Gardens 
of Babylon for use in toilet 'Yater and pomades. These fruits were early 
introduced into the :Mediterranean region, where they have always been 
an important crop. As many as 100 species of Citrus have been described, 
many of which are probably of hybrid origin. Only a few, however, are 
of commercial importance. 

The citrus fruits are thorny aromatic shrubs or small trees. The 
leathery evergreen leaves are glandular dotted and, although they appear 
to be simple, are actually unifoliate-compound leaves with a joint 
between the leaf blade and stalk. The white or purplish flowers are 
solitary, but produced in great profusion, and often very fragrant. The 
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fruit is a modified berry known as a hesperidium. This type of fruit has a 
thick leathery rind with Humerous oil glands. The flesh is yery juicy 
with many juice sacs. A peculiar feature of these plants is the fact that 
they do not develop root hairs, and arc dependent on mycorrhiza-fungi, 
which are closely associated with the roots-for the absorption of liquids. 

Cultivation of the citrus fruits is on a high scale. They are usually 
grown at sea level where sufficient moisture is readily available. Any 
well-drained soil, except an extremely sandy one, can be utilized. The 
various species differ in their resistance to cold, but in general a tempei'a-

, ture ranging from 240 to 120°F. is best. They are propagated chiefly by 
budding. The species hybridize very readily both in the wild state and 
in cultivation, and there is a great tendency to form "sports." 

The citrus fruits are grown around the world. Although they are 
tropical plants, most of the commercial groves are in subtropical regions. 
The fruits ripen throughout the year. Oranges and grapefruit are 
allmyed to ripen on the trees, while lemons and limes are picked green. 

The United States leads the IVoi'ld in the production of citrus fruits. 
Florida and California are the principal states, while Texas, Arizona, 
Alabama, Louisiana, Mississippi, and Georgia grow a small amount. The 
Mediterranean countries are second, with Spain, Portugal, Italy, and 
Palestine the most important. The West Indies, where the trees growin 
great luxuriance, and Central America, are of increasing importance. 
Brazil, Argentina, South Africa, Australia, China, and Japan are also large 
producers. . 

Although the citrus-fruit industry has been of commercial importance 
for only a little over 50 years, it nevertheless has been at times exceedingly 
profitable. Oranges and grapefruit alone have brought a return of nearly 
S400,000,OOO, while the industry as a whole has been a sesquibillion one. 
The outlook for the future is also very bright, for the European market, 
particularly in the case of canned products, has scarcely been touched. 

Oranges and grapefruit are highly esteemed as table fruits, and, apart 
from their palatable nature, constitute a valuable addition to our diet. 
Like all the citrus fruits they contain considerable amounts of the essential 
vitamin C, the antiscorbutic vitamin, as well as fruit acids. They are 
also used for marmalade and various confections. Canned products, 
particularly in the case of the grapefruit, have been developed in recent 
years and are of increasing importance. Both the flesh and the juice are 
preserved in this manner. Often the juice of citrus fruits is more impor­
tant than the fruit itself and it is extensively used in both alcoholic and 
nonalcoholic beverages. Frozen juice has recently become an outstand­
ing pl··"duct. The rind of nearly all these fruits yields a valuable essential 
oil. The dried waste pulp is an excellent cattle feed. Other by-products 
includ~ citric acid, pectin, and various glucosides. 
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Oranges 

Sweet Orange. The sweet orange (Citrus sinensis) is a native of South­
eastern Asia, probahly China or Cochin China. It was first cultivated 
between 1500 and 1000 B.C. It reached India yery early in history, and 
\yas carried to Europe by Genoese traders early in the fifteenth century. 
The Spaniards were responsible for its introduction into the ~ ew 'Yorld. 
It reached Florida in 1565 and California in 1769. 

The sweet orange is a small evergreen tree ,yith slender blunt spines, 
gro\ying upward to 20 ft. in height when in culti\;ation. The leaves have • 
narrow-winged petioles and the fl0\yers arc white and very fragrant. The 
fruit is nearly round, with an abundant, s\yeet, solid pulp and spindle­
shaped juice sacs. Seeds may be present or absent. This orange is the 
hardiest member of the genus and can be grO\\'n in any warm dry climate 
where the soil is fertile and well il:rigated. At first it was -gro\yn from 
seed,-but now the plants are budded or grafted. Several types of sweet 
oranges have been developed: Spani~h oranges, with large coarse-grained 
fruits; l\Iediterranean \~arieties, with' fine-grained fruits; blood oranges, 
with a red pulp, or sti'eaked red and white; and the navel oranges, which 
are seedless, and characterized by the mL\'el at one crid, formed by the 
protrusion of additional carpeTs produced inside the flesh. Oranges con­
tain from 5 to 10 p(_)r cent sugar, 1 to 2 per cent citric acid, and vitamin C. 

Orange growing in the United States began in Florida, in a small way, 
as ea~'ly as _1809. The commercial industry dates from 1821. -In 1894 
the output was 4,000;000 oranges: _ Excessive frosts the following winter 
almost exterminated the crop and reduced the output in 1895 to 75,000 
oranges: In spite 6f the danger of frost and the more recent ravages of 
the fruit fly, the Industry has persisted and in 1947, 58,400,000 boxes were 
produced in thatstate. The Florida orange is medium sized, russet or 
light yellow in color, thin skinned, and very s\\·eet. It is picked \vhen the 
skin is green and the yellmy color develops later. Gases or chemicals arc 
often used to destroy the chlorophyll and bring out the yellow color more 
rapidly. California is at present the chief producer of oranges, with a 
1947 output of 45,830,000 boxes. The cultivation of two different 
varieties makes it possible to harvest oranges the year round. The most 
important of these is the Washington Xavel or Bahia orange. This seed­
less orange originated in Brazil, but in the favorable California climate 
(Fig. 204) has become the great commercial orange of the world. It is the 
largest variety, with a thick bright-orange skin, and bears during the 
winter months. In the summer the California growers utilize the smaller 
Yalencia orange, a Spanish type with seeds, \yhich is also grmyn in Florida. 
Texas, Arizona, and Louisiana also gro\y oranges. The total output in 
the United States in 1947 was 110,510.000 boxes. The leading foreign 
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countries in sweet-orange production are Brazil, Spain, Italy, Palestine, 
and :Mexico. 

The chief use of s,Yeet oranges is for fresh fruit. Once a luxury, they 
are now in reach of every purse and arc widely used. Orange juice and 
orangeade are favorite beverages. The peel is candied, and oil of orange 
lS extracted from th~ rind. This essential oil, which is expressed m 

Southern Europe and the 'Yest Indies, is used. in the perfume and soap 
indusLries, in medicine, and for flavoring. Orange extract is made by 
dissolving a small amount of the oil in alcohol. Orange trees are some­
times grown for ornamental purposes. 

Sour Orange. The sour orange (Citrus A11rantium), sometimes knmyn 
as the bitter, b~garade, or Seville orange, is also a native of Southeastern 
Asia. Curiously enough, it was brought to Spain by the Arabs and 
cultintted there several thousand years before the sweet orange. It is a 
small tree, 20 to 30 ft. in height, with blunt spines. The petioles have 
broad ",·ings. The flowers arc exceedingly fragrant and arc the source of 
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the oil of neroli, used in perfumery. The large, globose, orange-red 
fruits are rough and have a very acid pulp. The flesh, hO\yever, is of good 
quality with small spindle-shaped juice sacs. A hollow core develops at 
the center when the fruit is ripe. The sour orange is grown in the United 
States for ornamental purposes and to be used as a stock in grafting, as it 
is too acid to bo used as a fresh fruit. It is grown in Spain extensively, 
hO\\'o\'or, and the fruits are used for marmalade, orangeade, and candied 
orange peel. The essential oil obtained from the rind is used in per­
fumery, medicine, and in the manufacture of the liqueur cura9ao. 

The bergamot (Citrus A1l1'antiuJn subsp. Bcrgamia) is a small spiny tree 
with golden-yollow pear-shaped fruit.. The pulp is very acid and inedible. 
The plant is grO\yn i_!1 the l\lecliterranean region as a source of the oil of 
bergamot, ,yhich has already been discussed under essential oils. 

Mandarin Orange. The mandarin orange (Citrus reticulata) comprises 
the so-called glove oranges: the orange-yellO\Y mandarins and the reddish­
orange tangerines. . It is a native of 9hina and Cochin China. The small 
round fruits have an easily removabJe peel and segments. that separate 
readily. They are extenslveli' grown in J~pan and also in Southern 
Europe and the Gulf States, chiefly Florida, Alabama, and Mississippi. 
The Satsuma orange is a small, very hardy type ,yith a deep-orange pulp 
and fe\y if any seeds. -

The King Ol:ange, often designated as Citrus nobilis, is probably a , 
hybrid bet,\"een a s,Yeet oi'ange and a mandarin. It was introduced into 
the -Cnited States in 1882. It bears heavily, is frost resistant, and the 
sweet or slightly acid flesh with broad blunt juice sacs is very palatable. 
The fruit, however, has nC\~er been yery·poJ:mlar. 

Grapefruit 

Fmy important fruits have a more doubtful ongm or status. It is 
probable that the grapefruit or pomelo (Citl"1lS paradisi) originated in the 
'Yest Indies as a sport of the shaddock or possibly as a hybrid with the 
sweet orange. However, it may have been introduced from the Old 
'Yorld. Although many authorities consider it to be merely a variety 
or horticultural form of the shaddock, it seems better to consider it as a 
distinct species. 

It is a vigorous tree, 20 to 40 ft. in height, ,\"ith winged petioles. The 
round or pear-shaped, pale-yellow, smooth fruits are produced in clusters 
(Fig. 205). They are the largest of the edible citrus fruits, weighing from 
2 to 12 lb. and ,yith a diameter of 4 to 6 in. The skin is thin with many 
inconspicuous oil glands. The flesh is acid or subacid and mildly bitter, 
with large spindle-shaped juice sacs. 

The grapefruit was brought to Florida from the West Indies in 1809 
and was used as an ornamental tree until 1880. The production of 
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grapefruit has increased enormously since 1905.' In 1935 the United 
States produced 18,347,000 boxes, in 1947, 61,630,000. Of these 33,000,-
000 boxes were grown in Florida, 23,000,000 in Texas, and the remainder 
in California and Arizona. Although grapefruit was first canned ouly in 
1917, in recent years the pack has been as high as 5,500,000 cases of seg­
ments and 26,000,000 cases of juice. The waste rind, pulp, and seeds 
are fed to cattle. Puerto Rico also cans a considerable amount. Grape-
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FIG. 205. A cluster of grapefruit (Citrus paradist).. (Reproduced b!J..l,ermissio;' from Smith 
and lY alker, Geography of Texas, Ginn and Company.) 0,' 

fruit is grown in the 'Vest Indies, Palestine, and South Africr, to some 
extent. 

Lemon 

The lemon (Citrus Limon) is probably a native of Southeastern Asia 
and has been grown there for ages. It must have reached India at an 
early date for there is a Sanskrit 'word for it. It has been grown in the 
Mediterranean region since the days of the Greeks and Romans, and has 
always been pai·ticularly well adapted to that area, growing everywhere 
'in moist fertile soil. The lemon is a small tree, 10 to 20 ft. in height, with 
short spines and large white and purple flowers. The small, light-yellow, 
oval fruits end in a blunt point. The fruit is picked green, as it deterio­
rates ii allowed to ripen on the tree. Regardless of the state of maturity, 
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it is removed when about 2X in. in diameter. It is then cured, and 
colored and ripened in storage. Lemons contain 0.5 per ('ent sugar 
and 5 per cent citrie acid. The juice is used for lemonade and other 
beverages and as a fht';oring material, bleaching agent, and stain remover. 
Although widely grown, commercial production i8 restricted to warm 
regions, for it is not Ycry hardy. In 1947, the world output was 29,091,-
000 boxes. Of these, California was responsible for 12,870,000 and 
Italy for 8,137,000. Spain and Argentina also grow a considerable 
amount. Lemons were formerly gro,Yn in Florida, but the trees were 
too often injured by frost to be of commercial importance. The rind is 
the source of oil of lemon. The expression of the oil is an important 
industry in Sicily, where the sponge method is used. It takes from 800 to 
1100 lemons to yield 1 lb. of the oil. Lemon oil is used in perfumery and 
soap and lemon extract, which is next to yanilla in importance as a 
flavoring substance. The extract is made by dissolving 5 parts of the oil 
in 95 parts of strong alcohol. _- The utilization of cull lemons has recently 
been dm·eloped in California with a large production of citric acid, lemon 
oil, and pectin. 

Lime 

The lime (Citrus aurantifolia) was domesticated in the East Indies. It 
is very susceptible to cold and is a distinctly tropical plant. It is a low 
straggling shrub ~r small tree with numerous very sharp spines and small 
white flowers. The fruits arc small, from IX to 2Yz in. in diameter, and 
are greenish yellow in color. They are thin skinned, with an abundant 
acid pulp and oval pointed juice sacs. The lime is one of the sourest fruits 
on the market and is not suitable for eating. It is grown chiefly for the -
juice, ,,·hich is often extracted and shipped in a rmv or eoncentrated form. 
Lime juice is u?ed in beverages, as a source of citric acid, and medicinally 
to prevent scurvy. Although long famous for the latter purpose, lime 
juice actually contains only one-quarter as much vitamin C as. either 
oranges or grapefruit. Limes are grown to some extent throughout the 
tropics and arc of commercial importance in lVlexico, Egypt, the 'Y cst 
Indies, and Florida, where 12,870 boxes were produced in 1947. Oil of 
lime is expressed from the rind. 

Kumquat 

The kumquats are the smallest of the citrus fruits. They are small 
evergreen shrubs with aromatic white flmyers and golden-yellow fruits 
produced in clusters. The fruits are from 1 to 1>;1 in. in diameter with a 
thick spicy rind, acid flesh, and small seeds. They are grmyn for orna­
mental purposes and for eating, either ,,·hole or preserved. They are 
usually placed in the genus Fortllnella, a segregate of Citrus. Two ori-
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ental species are grown to some extent in the orange belt. These are F .• 
japonica with globose fruits and F. margarita with oval fruits. 

Citron 

The true citron (Citrus Medica) is the oldest of the citrus fruits and the 
first to be known by Europeans, going back as far as the fourth century 

FIG. 206. A citron tree (Citrus J[edica) growing in Dominica, B.W.I. (Photo by Walter H. 
Hod{]e.) 

B.C. It probably originated in Northern India and has long been culti­
yateri in Southeastern Asia. It ,YaS described. by Theophrast_us from 
Babylon. The citron is a small thorny tree with attractive purple and 
white flowers and a fruit resembling a large lemon (Fig. 206). It is 
fragrant, greenish yellOlY in color, oblong in shape, and from 6 to 9 in. in 
length. TIle thick skin is tough and warty and the acid pulp is scanty. 
Commercial citron is the candied rind. It is prepared by treating the 
fruit with brine to remove the bitter oil. This also brings out the flavor 
and aruma and prevents decay. Then the rind is candied in a sugar and 
glucose solution. Citron is one of the best and most expensive of the 
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condiments. About 6000 tons are produced annually, of which the 
Gnited States uses half. Citron is cultivated chiefly in Corsica, Sicily, 
Greece, and the West Indies. The essential oil of cedmt used in per­
fumel'y is expressed from the rind. 

Citrus Fruits of Minor Importance 

The shaddock or pomelo (Citrus grandis) is a native of IVIalaya and 
Polynesia. Several kinds are grown in Southern Asia. The fruit is like 
a grapefruit, but much larger, grmying to the size of a watermelon and 
\yeighing 10 to 20 lb. It is more pear-shaped, with larger juice sacs and 
a hollow core, and has a coarse thick rind and thick leathery septa. The 
reddish flesh is aromatic and spicy, but quite bitter. This species was 
introduced into the 'Yest Indies by a Captain Shadd·ock, for whom it has 
been named. The shaddock has given rise to the grapefrUIt. 

The deciduous" orange (Poncirils tl'1joliata) is a native of China and 
Japan. It isa low tree with large spines and trifoliate deciduous leaves. 
For this reason it' has been segregated fr~m Citrus. The \yhite flowers - . . -
are produced before the leaves: The rough hairy orange fruits have a 
bitter, gummy, inedible pulp. This species is very hardy and is used in 
hybrids and as a stock for grafting the other citrus fruits. It is cultivated 
as an ornamental plant as far north as Ke\\" York. 

In an attempt to develop edible citrus (ruits that are hardier than 
oranges, many hybrids have been produced. ·Some of these, like the 
citrange, a hybrid between the trifoliate and the s,,:eet orange, are grown 
to a considerable extent in the Southern stateR' Others include the 
tangelo (tangerine X grapefruit), limcquat (kumquat X lime), orange­
quat (kumquat X orange), citrangequat (citrange X kumquat), tangor 
(orange X tangerine), tangerona, and orangelo. 

OTHER TROPICAL FRUITS 

Banana 

The banana (.Musa paradisiaca subsp. sapientn1n) is one of the most 
familiar and important of all tropical fruits. From its original home in' 
the humid tropics of India or l\Ialaya it has spread all over the tropical 
world, and today there is almost no \varm region where it is not grown, 
except the Sahara Desert, which is too arid. It is likewise a very ancient 
plant, possibly the world's oldest cultivated crop. 'Ye know it \vas 
important in Assyria in 1100 B.C., and it was well known to all the other 
early civilizations. It reached Polynesia, also, at a very early date and 
was carried to the West Indies in A.D. 1500. 

The banana is one of the tallest of the herbaceous plants. Its robust 
treelike stem is composed of the sheathing spiral leaf bases, which contain 
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fibers of sufficient strength to make possible the erect habit. At. the 
summit of the 10- to 30-ft. stem there is produced a crown of large oval 
deep-green leaves. These may be up to 12 ft. in length and 2 ft. in 
width, with a prominent midrib. 

Each plant produces a single inflorescence. This consists of clustered 
flowers which are nearly surrounded by large, fleshy, reddish, spathelike 
scales, which drop off as the fruits mature. The flower stalk develops 
from the rootstalk and pushes its way up through the hollow stem, 

FIG. 207. Transporting bunches of green bananas (,1I usa paradisiaca subsp. sapicntum) 
from a plantation to a railroad. (Courtesy of the United Fruit Company.) 

emerging in the center of the crown. It soon curves over owing to its 
own weight. 

These drooping inflorescences develop into the familiar" bunches" of 
bananas. Marketable bunches (Fig. 207) ,veigh from 80 to 140 lb., and 
consist of from six to fifteen clusters, known as "hands" or "combs." 
Normally each hand contains from 10 to 20 individual bananas, or 
"fingers." Bunches with as many as 22 hands and 300 individual 
bananas have been produced, but these are unusual. The fruit of the 
cultivated baitana is a modified berry and lacks seeds. Wild species 
occur, however, which produce normal seeds. As soon as the tree bears, 
it dies or is cut down, and suckers develop from the rhizome, which give 
rise to new plants (Fig. 208). A single clump may be productive for 
several years. Bananas are rapid growers :md have a very high yield. 
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This varies with the locality and may be as low as 125 or as high as 300 
to .,l00 bunches to the acre. It has been estimated that a unit area of land 
produces 33 lb. of wheat, 98 lb. of potatoes, and 4400 lb. of bananas. 
The commercial production of bananas for export is an important busi­
ness. Jamaica, l\Texico, and Central America supply 85 per cent of the 
output. 

FIG. 208. A plantation of bananas (J[usa paradisiaca subsp. sapientllm) in Costa Rica, 
showing vegetative reproduction. The plants are nine months old. (Courtesy of the r/nited 
Fruit Company.) 

In the yarious tropics about 300 varieties of bananas are grown. Only 
a few of these reach the markets of the l~ nited States, the principal type 
being the Gros nEche!. Tropical American markets haye about 15 
kinds, but the vast majority are grown in tropical Asia. There are other 
species of bananas as well, one of which, the dwarf banana (J.1hlsa nana), 
is occasionally seen in our markets. This species is especially important 
in Southern Asia, Africa, and the Pacific islands. Red bananas are quite 
common. 

Bananas are picked and shipped green. When thoroughly ripe, as 
illdicated hy brown blotches on the yellow skin, they constitute one of the 
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most healthful and nourishing foods. They have a high content of 
carbohydrates with some fats and proteins as well .. In fact, their food 
value is three times that of wheat. Bananas are usually eaten raw, btit 
may be cooked. Banana flour is made from dried green fruits. Banana 
" figs" are dried slices of ripe fruits. Banana wine has long been known. 

The plantain (llhlsa paradisiaca), a close relative of the banana, is one 
of the great food plants of the tropics. A native of Southern Asia, it has 
furnished food for all tropical peoples for centuries. There are some 75 
varieties, all so old that they have never .been propagated by seed within 
recorded time. Plantains are always eaten cookcid or made into flour. 
They are very digestible and are a valuable food for children and invalids. 

Custard Apples 

The term" custard apple" is rather loosely applied to several fruits of 
the American tropics belonging to the genus Annona. In ·all these the 

fruit is a fleshy syncarp, formed by the fusion of numerous ripened 
ovaries and the r:eceptacle. 

Tl.e cherimoya (Annona Cherimolia) is highly esteemed as a dessert 
fruit. It is very old and originated in the Andes of Peru and Ecuador. 
It is now grown in Central America, Mexico, the 'Vest Indies, Africa, and 
India. The cherimoya is a shrub or small tree with fragrant flowers. 
The light-gre<:!l fruits are globular or conical and from 4 to 10 in .. long. 
The lusciolls white or yellO\yish flesh is very aromatic and fragrant, with a 
soft and custardlike consistency. 

The sweetsop or sugar apple (Annona squamosa) is a nath-e of South 
America and the 'Yest Indies, and is no,," widely grown in the tropics of 
both hemispheres. The yellowish-green tuberculate fruit (Fig. 209) is 
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about 2 or 3 in. in diameter. It has a ,\·hite custardlike pulp and is the 
best of the group for eating. 

The soursop or guanabana (Annona JIl1lricata) of the 'Vest Indies is a 
small slender tree with a large ovoid spiny fruit, deep green in color. The 
fruit may be as much as 12 in. in length and \veigh as much as S to 10 lb. 
The white juicy flesh is very aromatic. The soursop is unrivaled for 
sherbets and drinks. 

The true custard apple or bullock's-heart (Annona reticulata) is a com­
mon tropical fruit. The fruit itself is heart-shaped, 4 tQ 6 in. in length, 
and brO\vnish or reddish in color. The soft white or cream-colored, 
sweetly aromatic pulp is slightly granular toward the rind and rather 
insipid and cloying. It is a nati,'c of the West Indies. -

The family Allllonaceae contains about 600 species, most of which have 
edible fruits, and affords great promise.forfuture development. 

Date 

The date (Phoenix·dactylifera) is one of .the oldest of crops, going back 
at least 5000 years .. It pr6bably is a native of India or Arabia, but has 
long been domesticate~' throughout Southwestern Asia and Northern 
Africa. It was in Arabia before the dawn of history, was oJ great impor­
tance in Babylonia, and had reached Egypt long before the Christian era. 

The date (Fig. 210) is a palm ,\·ith a slender trunk, 70 to 100 ft. or more 
in length. It tends to produce offshoots from the base, and so is often 
found growing in clumps. It has a crown- of stiff, pinnate, ascending 
and descending leaves 10 _to 20 ft. in length. The numerous flowers, 
sometimes 10,000 to ari inflo~~scence, are surrounded by u, spathe. Male 
and female flQwel's are produced on different-trees, and in cultivation 90. 
per cent of the male ti'ees are removed. The fruit, a nearly round drupe, 
or one-seeded berry, is hard and green at first, but later turns yellO\\' or 
red. The flesh is thick and very sweet, and is soft or dry and hard, 
depending on the variety. The date can grow with less water than any 
other crop, and so is of the utmost importance to desert peoples. it often 
serves as a staple food, as well as the main source of fruits and sugar. 
It is distinctly a plant of hot sunny climates with low humidity. In 
exceedingly arid areas some irrigation is necessary. A favorite habitat is 
the oasis. Dates are propagated by seeds or cuttings. They are very 
long-lived, often reaching an age of 200 years. Over 1000 varieties are 
grown. The fruits are ripened off the tree and are dried before shipping. 
Unlike most fruits they have a high food value, with 54 per cent sugar 
and 7 per cent protein as well as pectins and gums. 

Dates are used as a table fruit and in jams, pastes, cooking, and alco­
holic beverages. In desert regions it has been estimated that. the articles 
that are made from the date palm and the uses to which it is put number 
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more than SOD. Every part of the plant is utilized, and the fruits even 
serve as money. 

Iraq, the site of ancient :lVIesopotamia, produces SO per cent of the dates 
of commerce ·and has 20,000,000 trees under cultivation. Arabia and 
Northern Africa are also large producers. Dates have been grown in 
California since the eighteenth century, but have been commercially 

important only since 1S90. As a result of scientific study we now know 
more about the date and its requirements than about any other tropical 
crop. In 1947 about 10,1S0 tons were produced in California and 
Arizona. Dates are also grown in IHexico. 

Durian 

The durian (Durio zibelhintls) is one of the most interesting of all 
tropical fruits. It is a native of ·Malaya, and oecurs locally in that 
region, and to some extent in Burma and the East Indies. It is rarely 
cultivated. It is a tall handsome tree, up to SO ft. in height, with large 
conical spiny fruits, 6 to S in. in diameter. The leaves are densely 
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covered with golden hairs on the underside. The flowers are yellow or 
creamy white. The custardlike flesh has an exquisite flavor and is at the 
same time aromatic and sweet with a strange balsamic taste. The odor, 
however, is extremely offensive and is a serious obstacle to the popularity 
of the fruit. Durians are much sought after by the native people, and 
by animals as well. It has been claimed that the fruit possesses great 
rejuvenating powers. 

Fig 

The fig (Ficus Carica) has been cultivated since earliest time. It 
originated in Southern Arabia and early spread to the l\Iediterranean 
region. It is frequently mentioned in the Bible. Theophrastus was 
familiar with many varieties and in his" Enquiry into Plants ,j gives a 
detailed account of fig cultivation. Today figs are grown in nearly all 
subtropical countries. The fig (Fig. 211) is a shrub, or small tree, with 
characteristically lobed leaves. The fruit is a syconium, afleshy hollow 
receptacle with a nmTO\Y aperture at the tip. The true fruits, which are 
small achenes, are borne on short stalks on the inside of. the syconium .. 

Several different types of figs occur: common figs, caprifigs, Smyrna 
figs, and San Pedro figs. , 

In the common figs there are no staminate flowers, and consequently 
the fruits develop without pollination and ha,oe no seeds. Two Cl~OPS are 
produced annually. The first crop (brebas) are larger and more juicy 
and are usually eaten fresh. They are borne on the old wood. The 
second crop is produced in the axils of the leaves. They are used fresh or 
are dried. Between 600 and 800 kinds of common figs are known. They 
are usually propagated by cuttings. 

The caprifigs are ,yild figs that grO\y naturally in the l\Iediterranean 
region and 'Vest ern Asia and probably represent the primitive type. 
Although of no commercial value as fruit, they are cultivated in most fig­
raising countries, for they are essential to the development of the Smyrna 
fig. The life history of the caprifig is closely connected with th'at of a 
small wasp (Blastophaga pselles), which brings about cross pollination. 
Caprifigs produce three crops of fruit a year. The spring crop (profichi) 
contains ,staminate flowers and the so-called gall-flowers. These are 
similar to pistillate flowers but have short-styled ovaries. The fig wasp 
enters the young figs and lays eggs in the gallflowers. In about two 
months the new generation of wasps hatches out and emerges from the 
fig, becoming covered with pollen in so doing. By this time the summer 
crop of figs (mammoni) have been produced, which contain chiefly gall­
flowers. The wasps enter these and deposit eggs in most of them. 
Although these are pollinated by the wasp, the presence of the larvae 
inhibits seed deyelopment. Any flowers in which eggs were not placed 
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are able to develop fertile seed. There is often a continual crop of these 
summer figs until cold wea.ther sets in, and figs and wasps can be found in 
all stages of development. Late in the sep.son the winter crop of figs 
(mamme) is developed and after visitation by the wasps remains Oil the 
tree over winter. The larvae mature in April, when a new crop of pro­
fichi figs is ready to receive the wasps, and the annual cycle is resumed. 

FIG. 211. Glass model of the leaves and· fruit of the fig (Ficus Carica). (Courtesy of the 
Botanical J[useum of Harvard University.) 

In Smyrna figs no staminate flowers are produced, and consequently 
these figs are absolutely dependent on cross pollination from caprifigs. 
This process is known as caprification and is brought about artificially. 
Branches of caprifigs of the profichi crop are suspended on the Smyrna 
tree. The wasps, on emerging, enter the partly developed Smyrna figs 
and effect pollination. Unlike the caprifigs, the ovaries have styles so 
long that the -,::1SP is unable to deposit eggs in the proper place, so the 
ovules are tible to develop normally after fertilization. The wasps, 
thwarted in their attempt to· raise another generation, emerge from the 
fig or die within the cavity. Smyrna figs have a superior nutty flavor due 
to the presence of the fertile seeds. They are the most important com-
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mercial fig, and are extensively gl'mYn in Asia 1Iillor, Greece, Algeria, 
and parts of Portugal and California. The early attempts at cultivation 
in California and else,,·here met ,,·ith continued failure until the profichi 
crop of caprifigs and the fig wasp \\"ere introduced. • 

The San Pedro figs, which are grown to some extent in California, have 
two crops annually. Thc first denlops \Yithout pollination, while the 
second fails to mature ane! falls from the trec, unless it is caprified. 

Figs are used fresh, dried, preserycd, or canned. A considerable 
amount is used in baking, and ground up for fig coffee. In addition to 
their food value, they have definite laxative properties and are of impor­
tance in medicine. 

In 1947 the United States produced 30,500 tons of dried figs in Cali­
fornia and Texas, and also imported a considerable amount, chiefly from 
Turkey, Greece, and Italy. 

Granadilla 

The granadillas iue the edible fruits of various species of passion flower. 
These are \Yoody tendril-bearing vines with solitary showy flowers and 
a many-seeded berry. They are natiyes of tropical America. 

The purple granadilla (Passiflora e(hdis) is a native of Brazil, but is 
cultiyated all over the world. In Australia it is of considerable economic 
importance. It is also grown in Ceylon, the Mediterranean m;ea, and 
the southern United States. The flowers are white, with a white and 
purple crmm. The deep-purple fruit, about 3 in. in length, is used as a 
table fruit and in sherbets, candy, and beverages. 

Other common speeies include thc giant grana dill a (Passiflora qllad­
rangularis), with greenish-yellow fruits reaching 10 in. in length; and the. 
sweet granadilla (Passiflora liglilaris). 

Guava 

The guava (Psidium G1lajava) is another tropical American fruit that 
has been cultivated for centuries. It was known to the Incas, and had 
spread all over tropical America before the time of the early navigators. 
Today it is common in the tropics everywhere and is of increasing impor­
tance in Florida and California. The plant is a shrub or small tree with 
large white flowers. The yellow berrylike fruit is about 4 in. long and 
has a variously colored flesh. The guava is a very aromatic, sweet, juicy, 
and highly flavored fruit \vith a fine balance between the content of 
acid, sugar, and pectin. It is one of the richest sources of vitamins A, B, 
and C and of ascorbic acid. It is usually used for jellies, preserves, and 
pastes, but is equally good as a fresh fruit. The powder from dehydrated 
fruits is used to fortify other jellies and jams. 
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The strawberry guava (Psidill1n littorale), a native of Brazil and culti­
vated elsewhere, has small red fruits with a very sweet juicy pulp. They 
are used fresh or for beverages. 

The family ill yrtaceae, to which the guavas belong, probably has as 
many, if not more, species with edible fruits than any other family. In 
addition to the guavas, of which there are about 150 species, there are 
the eugenias and syzygiums with nearly 700 species. Some of these are of 
considerable importance. The rose apple (Syzygiurn J ambos) has spread 
from tropical Asia and is extensively cultivated in other areas. It is 
grown in Florida for its greenish-yellow fruits, which are used in preserves 
and candy. The pitanga or ~urinam cherry (Eugenia uniflora) , con­
sidered to be one of the best of the genus, is grown in Florida and Cali­
fornia for use as a fresh fruit and in jellies and sherbets. The .Brazilian 
grumichama (E. Dombeyi), the jambolan or Java plum. (S. CU11lini), and 
the ohia or mountain apple (Syzygi1l1n malaccensis) , species native to 
Southeastern Asia, are of lesser importance. Related species of note 
include the feijoa (Feijoa Sellowiana) and the jaboticaba (Jl1yrciaria 
cauliflora). The latter, a strikingly beautiful tree native to Brazil, is 
often planted as an ornamental. The grapelike fruits, borne on the 
branches and trunk, are used for fresh fruit, jellies, wines, and cordials. 

Jujube 

The jujuhe (ZizyphllS JUjl1ba) is a native of China and has been culti­
vated in that country for at lea~t 4000 years. It is still one of the five 
chief fruits of China, and is also grown elsewhere in Southeastern Asia 
and in New Zealand. It can be grown in all tropical and subtropical 
countries, and since 1900 has been gro"wn to an increasing extent in 
California, Texas, and Mexico. It promises well as a fruit tree for the 
Southwestern states as it is remarkably free from pests. The jujube is a 
large bush or small spiny tree with a small dark-brown fleshy drupe (Fig. 
212), which has a white, crisp, rich flesh. It is used fresh, dried, or 
preserved, and is useful in cooking and candymaking. 

Litchi 

The litchi (Litchi chinensis), a native of Cochin China and.Siam, has 
been an important fruit in Southeastern Asia for over 2000 years. It is 
now widely grown in the tropics, and has been introduced into California 
and southern Florida. The tree is valuable for ornamental purposes. It 
reaches a heigl~t of 35 or 40 ft. and has a broad round-topped crown and 
leathery shiny leaves. The fruits are very distinctive. They are round, 
1 or 2 in. in diameter, and are borne in loose clusters. The peri carp is 
bright red and leathery, becoming brO\\'ll and brittle on drying. The 
translucent white flesh surrounds a single large seed. In the dried fruit, 
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the litchi "nuts '.' of the Chinese restaurants, the flesh has a raisinlike 
consistency. The fresh fruit is a great delicacy in China. In Kwantung 
alone 30,000,000 lb. are produced. Litchis are c~anned for the export 
trade. 

FIG. 212. A fruiting branch of the jujube (Zizyphus Juillba). 

Loquat 

The loquat (Eriobotrya japonica) is one of the few tropical fruits belong­
ing to the Rosaceae, a family which furnishes such a large number of 
edible fruits in temperate regions. It is a natiye of China, but is now 
grown in most tropical and subtropical countries. It has been introduced 
into California, Florida, and the Gulf States. The loquat is a small 8\;er­
green tree with broad leayes and fragrant white flowers, ,yhich appear in 
the fall. The small, round, downy, yellow-orange fruits (Fig. 213) are 
produced in the spring. The flpsh is slightly acid and not so sweet. and 
rich as most tropic·al fruits. It is highly estpemecl in the Orient and has 
been grmm since antiquity. Japan produces 20,000,000 lb. The fruit 
is used fresh, and is made into jellies, pies, and sauces. 
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Another resaceOllS species, t.he coco plum (Ch1-ysobalan11S Icaco), found 
on sandy shores from southern Florida to the West Indies and Brazil, has 
plumlike fruits which make excellent conserves but arc too acid for use as 
a fresh fruit. 

I 

~.,-_ :1~,. 
_:--~~~ -

FIG. 213. The fruit of the loquat (Eriobolrya japollica). 

Mango 

The mango (Mangifera indica) is one of the oldest and most important 
of tropical fruits. It has been cultivated for nearly 6000 years. Few 
fruits have the same historical background or are so closely connected 
with folklore and religion. It is a sacred tree in India. A native of 
Southern Asia, it is now widely grown in :Malaya, Polynesia, Africa, and 
tropical America, including southern Florida and California. The mango 
is one of the fe,,- tropical plants that have been improved under cultiva­
tion, and upward of 500 horticultural varieties are now grown. The tree 
is a beautiful evergreen, growing to 90 ft. in height, with small pink 
flowers in large panicles. The fruit (Fig. 214) is a fleshy drupe \vith a 
thick yellowish-red skin and a large seed. The size, shape, and quality 
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of the mango vary greatly. The length is 3 to 5 in. The pulp is orange, . 
yellow, or red in color, and when ripe has a rich, luscious, aromatic flavor 
with a perfect blending of sweetness and acidity. Young and inferior 
fruits ~re often fibrous and unpleasantly aeid and sometimes prejudice 
the consumer against all mangos. 

FIG. 214. Mungo fruits. The mango (JI angijera indica) is one of the oldest and most 
important of tropical fruitsi· (Reproduced jromthe l','ational Geographic Jlagazine, October, 
1911.) 

l\'langos occupy a more important position among tropical fruits than 
apples among temperate fruits, and they furnish food for at least one-fifth 
of the world's inhabitants. ?\inety-nine per cent of them are eaten fresh. 
They are used in preserves, salads, and' sauces, such as chutney. They 
are also cooked, dried, and canned. The total production is estimated to 
be over 100,000 tons. 

The related genus Spondias contains three species which furnish fruits 
frequently encountered in tropical markets. The golden apple, Otaheite 
apple, or ambarella (S. cytherea), native to the Society Islands, is cultivated 
in both hemispheres (Fig. 215). Though inferior to the mango, it is 
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eaten fresh, cooked, and in sherbets and beverages. The yellow mombin 
or hog plum (S. Mombin) and the 
red mombin or Spanish plum (S. 
p1lrpul'ca) , nat i v e s 0 f tropical 
America, are widely distributed in 
this area, as both ,,'ild and culti­
vated trees. The fruits are eaten 
raw, cooked, or in jams and jellies. 

Mangosteen : 

,7( {:~".~ ) r-'~~ 

. \{+-~tJJI~ :~1 }\' h·"{V"-"'1Q ,', 
.'q " , d,. '{ I- ~. , 

'//-- rl~j;),y/ ~,: , 
, I '1 ~f~f!" .. ~~ .. ,~ .. : 1J 

,I ,::'~ '\\ ..•• ,. \.;~ '-1 Ii"} f\'w,~, ... 

, ~~' .. 

r .. ,,"f! ~ i ',' ,,: "I' I ,,,_, '~ ..... 
. . ;,' 'I "tl". ".~ J' 

The mangosteen (Gal'cinia ~Man"" .11] ',-" ,~,\ Yl.f\~~' ""'"f"'''' 
gostana) is generally considered'to ' I ,1'1 ., r' \l 11,1 . ,. i 

be the world's best flavored fruit,' I,' ' ,r"'),L, ,.:t, .. :,·"'J'· ./~ .. ;,~t .. "" 
and is. highly prized in ,reg~on.s ' . _ -, 
where It can be grC?wn. It IS a I~ . ~~~\\~ .• " ' " .., 
native of the l'dalayan reg~on and is -', . " ::;:.t~",.'~, ! 
common in the East Indies, Cochin ': I 
China, and Ceylon .. A few plants . ' '..;.t,·. ! 

have been introduced 'into the '\Vest '- . ~\ . :. -. ':l 
Indies, but the 'fruit is as yet un:" . \.\.' '; .~' ,,' 
available in America. The tree is' .'---" 

• small, rarely over 30 ft. in height, 
with deep-gIeen foliage. The fruit 

, FIG. 215, ' A fruiti'i,g branch of the Otahcite 
apple (Spoi,dias Cyihereaj. 

FIG. 21(', Fruits of the mangosteen (Garcinia Jianoosiana) tied in preparation for street 
vending in Java. Several fruits were cut later to show the contents. (Photo by Oakes 
Ames.) 
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(Fig. 216) is a dark-purple berry, 2 or 3 in. in length, with adherent 
sepals at the base. The rind is 7~ in. in thickness and the flesh is so 
delicate that it melts in the mouth like ice cream. The pulp is white 
or yellowish, with crimson veins, and exudes a yellow juice of an exquisite 
flavor. 

There are over 200 species of Garcinia, two-thirds of which have edible 
fruit, and many of these are being grown experimentally in this country. 
The mamey or mammee apple (11Iammea arllericana), a close relative of 
the garcinias, is an important edible fruit in the 'Vest Indies and tropical 
America and should he cultivated in the Old World. 

Olive 

The olive (Olea ellropaea) is' one of the oldest of fruits and has been 
grown from prehistoric time. It was known in Egypt in the seventeenth 

FIG. 217. Leaves and fruit of the olive (Olea ellropaea). (Courtesy of the A.mold Arbore­
tum.) 

century B.C. and is frequently mentioned in the Bible and in Greek and 
Roman writings. At the present time it is cultivated every\vhere in the 
Mediterranean region and has been widely introduced throughout the 
tropics and subtropics. It has been grown in California since 1769 for 
ornamental purposes. The fruit has heen of importance commercially in 
that state since 1890. 

The tree is a small evergreen 25 to 40 ft'. in height with leathery entire 
leaves. It bears whitish flowers and a one-seeded drupe (Fig. 211). The 
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fruit is a shiny purplish black when ripe. Although living to a great age 
under favorable conditions, olives require careful cultivation. A deep 
fertile soil and a temperature averaging 57°P., and never going below 
14°F., are desirable. Irrigation is often necessary. The tree is propa­
gated by cuttings. 

Olives contain a bitter glucoside and have to be processed before they 
arc palatable. This is accomplished by pickling and heating with sodium 
hydroxide. Ripe olives have a high food content for they are one of the 
few fruits rich in oil. They are cultivated for eating, but more especially 
as a source of olive oil, which has already been discussed. Green olives 
are also a favorite food. These are picked by hand when fully grown, but 
still unripe. They are cleaned, heated with lye, which softens them and 
removes the bitter principle that is present, and pickled in brine. Stuffed 
olives, with the stone removed and replaced by a pimiento or nut, are a 
familiar product. The United States has produced as much as 69,000 
tons of olives but has always imported large quantities as well. Spain, 
Italy, Portugal, Tunisia; Turkey, and Greece are the chief producing 
countries. 

-Papaya 

The papaya or papaw (Carica Papaya), a native of the West Indies or 
Mexico, is now widely dispersed .. It is a valuable food and drug plant 
in the "\Vest Indies and Ceylon, and is also grown in India, Malaya, Cali­
fornia and Florida, and the Hawaiian Islands, when~ it is of great impor­
tance. The papaya tree, which is. really a giant herb 25 ft. in height, is 
dioecious. The straight stem is rather succulep.t, with a crown of large, 
deeply seven-lobed leaves a,nd yellow flowers.. The fruits are fleshy 
berries, resembling melons in appearance. They are 'yellow-orange in 
color, weigh up to 20 lb., and are borne' on long stalks just below the 
crown of leaves (Fig. 218). Few trees grow as rapidly or yield more 
heavily. The papaya is an excellent bi-eakfast fruit,. the orange flesh 
having a sweet musky taste~ It is also used for salads, pies, sherbets, and 
confections. Unripe fruits are cooked or preserved. The fruit and other 
parts of the plant contain a latex that is used in chewing-gum manu­
facturing. One of the constituents of the latex is a digestive ferment, 
papain, which acts on proteins in a manner similar to pepsin. This 
ferment is important in medicine and 'is also used for tenderiZIng meat. 
Considerable p~1paya is imported, chiefly from Ceylon. 

This true papaya should not be confused with the papaw (Asimina 
triloba) of temperate Korth America. This deciduous tree, ,vith drooping 
leaves; axillary purple flowers that appear before the leaves, and edible 
fruits, grows from New York to Florida and Texas. 
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- Persimmon 

TheJapanese persimmon or kaki (Diospyros Kah) is a native of China 
and has spread from there around the world. Over 800 varieties are 
grown in Japan. It is cultivated in France and other :Mediterranean 
countries, and is common in California, Texas, Florida, and the Gulf 
States. It is a large tree, 40 ft. or more in height, with orange-red fruits 
3 in. in diameter. These are edible berries, with an enlarged calyx at the 
base. They are eaten fresh or dried. 

The native persimmon (D1·ospyros virginiana) of the eastern United 
States is a hardier and smaller temperate relative. The ripe fruits are of 
high quality and delicious flavor and should be more widely used. The 
unripe fruits, which often reach our markets, are, however, very acid, 
while ripe fruits are somewhat pulpy and are hard to transport. These 
characteristics have tended to offset the more favorable features, and the 
Japanese persimmon is more popular. 
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Pineapple 

The pineapple (.I:tnanas comosus) is one of the few tropical fruits that 
has been exploited commercially, and it is known the world over. No 
other tropical crop except rubber has had a more rapid rise in international 
trade, owing to good luck and good management, as well as to its own 
intrinsic qualities. . .. ... 

The pineapple is a native of Northern South America. It had reached 
the West Indies before the coming of the white man' and the native 
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FIG. 219. A field of pineapples (Ananas como."s) in Florida. 

Indians were growing it everywhere. \Vild forms are still found in 
Brazil. The ananas, as they were called, were carried by the Spaniards 
and Portuguese to the Old World, and spread all over tropical Asia, 
Africa, the East Indies, and Polynesia. 

The plant (Fig. 219) is a biennial, with a short stem and rosette of 
stiff leaves, 3 ft. in length, with spiny tips and prickly margins, The 
flowers are borne in dense heads and are crowned by a tuft of leaves. 
The large fruits, which weigh from 1 to 20 lb., are syncarps. These are 
multiple accessory fruits formed from the ,,,hole inflorescence. The 
individual ripened ovaries are embedded in a fleshy mass formed from 
the bracts, l'epals, petals, and axis of the inflorescence. The cultivated 
varietirs are usually seedless. The pineapple is a very dependable crop. 
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The plants are propagated by suckers, slips, or by planting the crown. 
They can be grown in a poor dry, sandy soil. A large number of varieties 
are known. 

There are few larger, better flavored, or more wholesome fruits in the 
market. In addition to the content of sugar and fruit acids, a valuable 
digestive ferment, bromelin, is present. Pineapples must be left on the 
plant until fully ripe in order for the full flavor to develop. ::\lost of the 
fruits that are available outside the regions where they are grown are 
picked before maturity, so that the majority of people have never experi­
enced the delicious flavor of a fully ripe" pine." Since 1900 pineapples 
haye been canned and today the canning industry is very important. It 
has been estimated that the total an'nual output is 190,000,000 cans, with 
a yalue of over $30,000,000: 1Jachines have been developed which do 
all the work in a very few seconds. The waste products are all utilized 
in one way or another. Pineapple juice, which is used in. beverages or 
alon~, is also canned extensively. . 

Although grown eyerywhere in the tropics, the chief commei'cial area 
lies outside the true tropics. Hawaii leads in production, with 75 per 
cent of the world's crop, most of whic'h is' canned. Cuba, Puerto Rico, 
and Central America supply the lJnited States with most of its fresh 
fruit. At one time Florida was important, but at present pineapple 
growing is of only local interest. Borneo and the :Malay States are large • 
producers, and grow some ,"cry fine types. 

Pifia fiber, which IS obtained from the leaves, has already been dis-
cussed. . ' 

Pomegranate 

The pomegranate (Pllnica Granatum) is a native of Iran. It has been 
cultivateq. for centuries and em:ly spread to the 1Iediterranean region,alld 
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Southern Asia. It was grO\\'n in the famous Hanging Gardens of Baby­
Ion. It is a bush or low tree with orange-red flowers. The round berry­
like brownish-yellow or reddish fruits are 2 to 4 in. in diameter and are 
crowned with the thiek persistent calyx. They have a hard rind, an 
edible pulp . '"ith amethyst-colored .juice and many seeds (Fig. ·220). 
Pomegranates are a very,refnishing fruit and al;e used as a table or salad 
fruit and 'in beverages. The roots, rind, and seeds are medicinal. Pome­
granates have been widely introduced in arid tropical and subtropical 
regions, and are grown in southern California, Arizona, and New Mexico. 

Sapodilla " 

The sapodin~ (Achras Zapota)' is ~~e ~{the ,besl d~ssert fruits 'of 
tropical America. The tree is ;stat~ly evel'!~re~n, 75 ft. In height, with 
a dense crown and horizo~tal br1J,nches:. It has';"h,ite flow'ers and alarge 
rough brown fruit 3 to 4 in. in diameter. Tlie yellQwish-brown flesh is 
translucent and very sweet ,and wholesome. 0 Young hurts' contain con­
siderable tannin and are unpalatable .. The' tr~e is now grO\\'ll i~ Florida 
~nd in the tropics and subtr<?pic;; of the 'Old W orId.·' The chief c6mmercial 
product of the tree, ho,vever, is not the fruit j)ut the ~ilky latex, which is 
the chief source 9f chicle.. . . . . ' 

The 'family Sapotaceae, to '"hich the sapodilla belongs, ~ontains over 
400 speeies, most of which are edible. .of these, the sapote, star apple, 
and canistel.are of ~onsiderable importance. 

The sapote (Calocarpurn Sapota) is one 'of the commonest fruit trees in 
Central America and the West Indies. The russet-brown fruit, 3 to 6 in . 
. in length, has a sweet spicy flesh and' is an important adjunct to the diet. 
I t is eaten fresh, in salads; or as a conserve .. The star apple (Chrysophyl­
lurn Cainito), native to the 'Yest Indies, has a good-flavored fruit the size 
of an apple which is eaten only fresh. The canistelor egg fruit (L1lCuma 
nervosa), a very orna,meI].tal tree, has an orange-yellow.fruit with a sweet 
and aromatic pulp. ·A native of Northern South America, it is' cultivated 
in Brazil and has been naturali~ed in Florida ~nd"the We;3'tlndies. The 
fruits are used fresh, in sal~ds, or for pies, p~14dliig~, and jam:':, 

• _. • •• • • c <. 

Tamarind. 

The tamarind (T.amarindus ir;dica)·.probablY Ol:iginated in .tropical 
Africa or Soutlwrll Asia. It is a'large tl:eeiS9ft~'i~ height, wi·th· a dense 
crown, and is irequently grown for shad.e.·ar{d.:orn:j,mental~ purposes in 
semiarid regions. . The fruits are brown pods,-' 3' to,Sin; in: length. The 
pulp contains 12 per cent tartaric acid, as well as 30 per cent sugar, and 
so has a sour taste. The tamarind is extensively used in India and the 
Orient dS a fresh fruit, in beverages, for preserving, and in medicine. The 
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FIG. 221. Tlje Otaheite gooseberry (Phyllanthus acidus), sho"'ing flowers an.d fruit. 

corne when improved methods of refrigeration and transpOl;tation will 
make it possible to export some of these fruits. Seyeral of them have 
already been mentioned in this chapter. Others, worthy of comment, 
include both introduced and native American species. 

The bilimbi (Accrrhoa Bilimbi) and the carambola (A. Carambola), 
natives of Southeastern Asia, are grown in the tropics of both hemispheres. 
The small fruits are quite acid, so are usually cooked with sugar. The 
Otaheite gooseberry (Phyllanth1fS acidus) , with yellow cherrylike fruits 
(Fig. 221), borne in clusters on the trunk and branches, is likewise too 
acid to eat raw but is excellent with sugar. The small tree is ornamental 
and has run wild in Florida and the West Indies. The governor's plum 
(Flacourtia indica), another Asiatic species, has excellent fruits. The 
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Natal plum (Carissa grandiflora) , from South Africa, is a spiny orna­
mental and has been introduced into Florida as a hedge plant. The small 
scarlet fruits are eaten raw or cooked or used for jellies and preserves. 

Native species of some importance include the following: The Barbados 
cherry (J}Ialpighia glabra), found from Texas to Northern South America, 
has juicy red cherrylike fruits which are usually' cooked or used for 
beverages. The ceriman (J.llonstera dCliciosa), an ornamental aroid often 
planted in greenhouses; has long conelike fruits with a pleasant pineapple­
like flavor when fully ripe. The white sapote (Cas£1iLiroa edlllis), native 
to the highlands of l\Iexico and Central America, has' b~en introduced 

FIG. 222. NaranjiIlas (Solanum quitoense); a popular Colomhian fruit, shown entire and 
in section. (Photo by Walter H. ·Hodye.)· . . 

into California, the southern United States, and the West Indies. The 
applelike fruits have a soft, yellow, swe~t, custardlike pulp. 

Two common fruits of the Andean region of South America have so 
much promise for the future that they should be referred to, even though 
they are at present but little known outside their native home. . The tree 
tomato (Cyphomandra betacea), a native of Peru, is extensively cultivated 
in the whole Andean region. It has been introduced .into Puerto Rico 
and Southeastern Asia. The oval, reddish-orange fruits are eaten raw or 
cooked. The naranjilla or lulu (Solanum quito ens e)- is a robust herb with 
gigantic leaves and orange fruits (Fig. 222) produced in great abundance 
throughout the year. It is common in the high Andes from Peru to 
Colombia. The fruit has a particularly delicious and refreshing juice, 
rich in proteins and minerals, and is worthy of exploitation. 



CHAPTER XX 

SPIC:ES AND OTHER FLAVORING MATERIALS 

The story of spices, condiments, and the other flavoring materials is 
one of the most romantic chapters in the history of vegetable products. 
From the earliest time spices have been as eagerly sought after as gold. 
The craving for spices has been' one of the great factors in human progress, 
and has done much to change the course of history and geography and to 
promote international relation$. , The: discovery of new lands and of 
shorter trade i:outys and the colonizat~on of spice-producing countries 
have resulted, In.'pari, from thi"s iriterest in aromatic,plm{rs. The quest 
for spices cre~t(~cr~ :furor comp;rable (nily to the Crusades, and was one 
of the dominant fact~ors in European history during tile :Middle Ages and 
as late as the sixteenth century. The use and cultivation of spices, how­
ever, go back to the beginnings of history. They have played a promi­
nent part in all the civilizations of antiquity, in ancient China and India, 
in Babylon and Egypt, and in Greece and Rome. The majority of spices 
originated in tl~e Asiatic tropics and were among the first objects of com­
merce between the East and the ,Vest. _The first traders were the Arabs, 
who brought the pi'~ducts of sO,uthern India and th~ Spice Islands by 
caravan to Arabia, and thence to. Europe. Later other countries took 
over the spice trade. For many years Venice was the leader. In the 
sixteenth century the Portuguese' assumed control and held a virtual 
monopoly for 200 years. They were supplanted by the Dutch, who were 
supreme for many years. Later the,British Empire shared with Holland 
most of the spic:~ trade of the",~orld. 

In the olden days spices were. put to many uses. They not only 
served to season· insipid foods and give zest to an otlierwise monotonous 
diet, but act~d 'as 'preservatives as well. Their arom'atie qualities were 
useful in overcoming the odors of bad food and unwashed humanity. 
They were used in beverages, in medicine, and even in lieu of money. 
Sought after by rich and poor alike, and expensive because of the demand 
and the difficulty of obtaining them, they, were the basis of many great 
fortunes made between A.D. 1300 and 1700. 

The use of spices is not so ,videspread at the present time, but the 
United States still pays from SlO,OOO,OOO to S20,000,000 annually for 
crude spices, which are worth twice as much in the retail trade. The 
practice of importing the various aromatic substances in a crude state 
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(Fig. 223) and converting them into a powdered form is still followed in 
an attempt to prevent adulteration and to ensure the quality of the final 
product. Essential oils, obtained from these aromatics, are also imported 
in large amounts. 

A 

(~. 

E 

. . 
" 

, .' i .. "" 

J 
FIG. 223. Crude spices. A, cardamom (Elettaria Cardamomum); B, allspice (Pimellta 
dioica); C, white mustard (Brassica hirta); D, cloves' (Syzygillm aromaticllm); E, white 
pepper;" F, black mustard (Brassica nigra); G, capsicum (Capsicum jrlltescclls); H, black 
pepper (Piper nicrllm); I, cinnamon (Cinnamomllm zeylanic1tm); J, cassia (Cinnamomllm 
Cassia). 

Spices carmot be classed as foods, for they contain little of nutritive 
value. They do, however, give an agreeable flavor and aroma to food, 
and acid greatly to the pleasure of eating. They stimulate the appetite 
and in crease the flow of the gastric juices .. For this reason they are often 
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referred to as food accessories or adjuncts. ,Vhatever value they have is 
due to the presence of the essential oils, and occasionally to other aro­
matic principles. 

The medicinal value of spices is not so great as was thought during the 
?diddle Ages, but a considerable number of them are still official drugs in 
both Europe and America. They are used as carminatives and anti­
septics and to disguise the unpleasant taste of other drugs. They also 
play an important part in many of the industries and are used in per­
fumery, soaps, incense, as dyes, in histology, and in various arts. 

The majority of spices are still obtained from the tropics, chiefly from 
Asia.· Africa supplies the grains of paradise, while tropical America 
furnishes vanilia, red pepper, and allspice. A small number occur in the 
cooler temperate regions of the Old W orId. 

The classification of spices, as in the' case of all plant· products that con­
tain essential oils, is Ycry difficult and there are no .. sharp boundaries 
between the various groups. Usually all aromatic vegetable products 
that are used for flavoring foods and drinks are included under spices. 
In other cases the term" spice)) is restricted to hard or hardened parts of 
plants, which are usually used in a pulverized state. Condiments are 
spices or other flavoring substances that have a sharp taste, and are 
usually added to food aftel' it has been cooked. Savory seeds are small 
fruits or seeds· that are used whole. In the.sweet·or savory herbs, fresh 
or dried leaves are used for flavoring or garnishing. Essences are·aqueous 
01: alcoholic extractions of the e-ssential oils. In view of the difficulty of 
distingliishing between spices, . condiments, and "the other flavoring 
materials, it seems best to consider this ·group on a morphological basis~ 
the nature of the plant part utilized. Of the hundreds of spices that are 
used today, only a few can be discussed. These will he treated under 
i'oots, harks, buds and flowers, fruits, seeds, and leaves and stems. 

SPICES OBTAINED FROM ROOTS AND ROOTSTALKS 

Angelica 

The angelica plant (Angelica Archangelica) is a stout perennial herb 
with large pinnately compound leaves and small greenish-white flowers in 
terminal compound umbels. It is a native of Syria and now occurs in 
many parts of Europe and SVestern Asia in low ground. It even reaches 
boreal regions in Lapland and the Alps. 

All parts of the· plant are.aromatic. The roots and frllits are dried and 
used for flavoring cakes, candy, and beverages, such as vermouth and the 
various bitters and liqueurs. The young stems and leafstalks are candied 
by steeping·them in syrups of increasing strength. This candied angelica 
is much used for· decorating arid flayoring candy and cakes because of its 
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attractive bright green color and aromatic taste:, The oil, usually dis­
tilled from the fruits; is used in flavoring, perfumery, and medicine. 
Once grown in every garden, it is now cultivated only in Germany. Its 
use dates back to A.D. 1500. 

_ Galangal 

The lesser galangal (Alpinia officinarum) is a native of.southern China, 
and was used at an early date in that country. It is a perennial herb 
with a raceme of showy flowers. and o:mamental foiiage .. The redcii~h­
brown rhizomes have an aromatic; spicy" odor and a pungent taste, like a 
mixture of pepper and ginger. Galangal- was much more impor~ant 
formerly than it is·today, but it is still used to some extent in cooking, in 
medicine, and for flavoring liqueurs'and bitters. 

The greater galangal (Alpinia Galanga) , a larger plant of J.av?- and 
Malaya, is also used. somewhat for .flavoring purposes .. 

Ginger . 
.:; . 

Ginger is the most important of the:spices obtained from roo1:.§... It has 
had a long and interesting history. 'A native of Southeast~Asia, it was 
early used in China and India, and was brought by caravans to Asia 
Minor before the time of Rome. It was . among the first ot the oriental 
spices to be known in Europe, where it was prominent early iu the,Middle 
Ages .. For many years it was an important drug. It was. the principal 
ingredient of a remedy for the'plague; which was much used.in England 
during the reign of Henry VIII. Today ginger is cultivated o~er.a wider 
area than most spices, owing probably to the ease which the roots can be 
transported. It was one of the first Asiatic spices to .be gro~vu in the 
",Vestern Hemisphere. . , 

The ginger plant (Zingiber,officinale) is an erect perennial.:herb (Fig. 
224) with thick scaly rhizomes that branch digitately and are known as 
"hands." The stem reaches' a height of 3 ft. and is suri'ounded by the 
sheathing bases of the leaves. The flowers are borne in a spike with 
greenish-yellow bracts sub tending the yellowish flowers, which have a 
purple lip. Ginger is cultivated for the most part in small home gardens. 
A rich moist soil, partial shade, and a strictly tropical climate are desir­
able. The plant is propagated by the rhizomes. :. 

The rhizomes are pale yellow in color externally and a greenish yellow 
inside, They contain starch, gums, an oleoresin,. and an essential oil as 
well. . The several varieties differ in the content of the latter two prin­
ciples. The rhizomes are dug after the aerial parts of the plant have 
with"red. 

Ginger is prepared in two different ways. PrcserL'cd or green ginger is a 
prod:wt of southern China. Young juicy rhizomes.are.dried, cleaned, 
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and boiled in water until tender. They are then peeled, scraped, and 
boiled several times in a sugar solution, and finally packed in a similar 
solution. Occasionally preserved ginger is prepared in a dry state by 
dusting the drying rhizomes ,yith powdered sugar. 

Dn:cd or cured ginger is the product of the other ginger-growing coun­
tries. The rhizomes are cleaned, carefully peeled, and dried in the sun. 
They are sometimes parboiled in water or lime juice before peeling. This 
is the black ginger of commerce. White ginger is made by bleaclling the 
rhizomes. 

The aromatic odor of ginger is due to the essential oil, while the 
pungent taste is due to the presence of the nonvolatile oleoresin, gingerin. 

Ginger is used more as a condiment than as a spice. It dilates the blood 
vessels in the skin, causing a feeling of ,\"armth, and increases perspira­
tion, with an accompanying drop in temperature. For this reason it is 
much used in warm countries. 

In medicine, ginger is used as a carminative and a digestive stimulant. 
It is extensively used in culinary preparations, such as soups, puddings, 
pickles, gingerbread, and cookies, and is an ingredient of all curries, 
except those used with fish. Ginger is exceedingly populaT for flavoring 
beverages, such as ginger ale and ginger beer. It was formerly used for 
spicing wine and porter. The oleoresin is extracted and used in medicine 
and flavoring. The essential oil is also extracted. As this lacks pun­
gency, cayenne pepper is usually added when it is used for flavoring 
purposes. 
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Ginger is grown chiefly in China, Japan, Sierra Leone, Queensland, 
Indonesia, and Jamaica and other Caribbean islands, where the soil and 
climate are unsurpassed. The United States imports crystallized ginger 
from China and dried ginger from Jamaica, India, and Sierra Leone. 

Horse-radish 

The horse-radish (Armoracia lapathifolia) is a native of Southeastern 
Europe. The plant is extensively 
grown in both Europe and America 
and frequently escapes from culti­
vation and becomes established. 
In many places it is a troublesome 
weed. 

It is a tall hardy plant with 
glossy green toothed leaves and 
masses of small white flowers. 
The large, fleshy, white cylindrical 

. roots (Fig. 225) are usually dug. 
in the fall. They are scraped or 
grated, and used as a condiment, 
either fresh or preserved in vInegar. 
The pungent taste is due to a gluco...: 
side, sinigrin, which is broken down 
in water by enzyme action. It is 
similar to mustard oil in its prop­
erties. Horse-radish is a valuable 
condiment and has been used for 
many years. it aids digestion and 

FIG. 225. Roots of the horse-radish (Armo­
racia lapalhifolia). 

prevents scurvy. 

Sarsaparilla 

Sarsaparilla is obtained from the dried _~.~ _qf several tropical species 
of Smilax, among them S. aristolochiacfolia of :Mexico, S. ojficinalis of 
Horduras, and S. Regelii of Jamaica. These plants are climbing or 
trailing vines 'with prickly stems and are found in dense moist jungles. 
They may be propagated by seed, layering, cuttings, or suckers. They 
have a short thick rhizome and very long thin roots up to 10 ft. in length. 
This makes the collection of the roots a very arduous task. They are 
harvested when two or three years of age. The roots contain a bitter 
principle much used for flavoring purposes. Sarsaparilla is rarely used 
alol1e, but usually in combination with wintergreen and other aromatics. 
At one time it was used in medicine. 
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Turmeric 

Turmeric (Curcuma Zanga) combines the properties of a dyestuff and a 
spice, and has already been discussed in the former connection. It is 
native to Cochin China and the East Indies and is widely cultivated in 
the tropics of both hemispheres. Turmeric is especially popular in 
India, where 60,000 acres are devoted to it, and enormous quantities are 
used, as they have been for centuries. The plant is a robust perennial 
(Fig. 64) with a short stem and tufted leaves. The pale-yellow flowers 
are borne in dense spikes, topped by a tuft of pinkish bracts. The 
rhizomes, which are the source of the colorful condiment, are short and 
thick, with blunt tubers. They are cleaned, washed, and dried in the sun. 
Turmeric is very aromatic with a musky odor, and has a pungent bitter 
taste. It is used to flavor, and at the same time color, butter, cheese, 
pickles, mustard, and other foodstuffs. A considerable quantity is 
exported to Europe and America for this purpose. Turmeric is one of 
the principal ingredients of curry. Curry is not a single substance, but a 
compound of many spices. Each type of meat or other food requires its 
own particular curry. One popular recipe for a meat curry includes 
turmeric, coriander, cinnamon, cumin, ginger, cardamom, fenugreek, 
cayenne pepper, pimiento, black pepper, long pepper, cloves, and nutmeg. 
Another curry, used for fish, is made from turmeric, coriander, black 
pepper, cumin, cayenne pepper, and fenugreek. 

Zedoary 

Zedoary (Curcuma zedaaria) is a plant of similar habit with pale­
yellowish or white flowers and showy crimson or purple bracts. It is 
much grown in India for the large tuberous rhizomes, which are sliced 
and dried. It was formerly an important spice, and is still used for 
flavoring liqueurs and curries. Its chief use today is in medicine, per­
fumery, and cosmetics. 

SPICES OBTAINED FROM BARKS 

Cassia 

Cassia or Chinese cinnamon is one of the oldest of spices. It was 
known in China as long ago as 2500 B.C., in Egypt in the seventeenth 
century B.C., and was familiar to all the people of the :Mediterranean area 
at an early date. In the earlier records it is likely to be confused with 
cinnamon. Cassia is obtained from Cinllamamum Cassia, a native tree 
of Burma. It is an evergreen, 40 ft. in height, with smooth pale bark, 
small pale-yellow flowers, and a fleshy drupelike fruit. The tree is 
grown in southern China from seed, usually on terraced hillsides. Young 
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trees from 6 to 10 years of age are cut down and cut up into short lengths. 
The bark is loosened, stripped ofT, and dried. Cassia bark (Fig. 223, J) 
reaches the markets in the form of dark-oreddish-brown "quills," usually 
with some patches of grayish cork on the outside. It varies in quality, 
but is always very aromatic, though not so delicate as cinnamon. Among 
the several ingredients are tannin, sugar, sOt arch, a dyestuff, a fixed oil, 
and the essential oil, which is distilled and used in medicine and flavoring. 

Cassia buds are the dried unripe fruits. These contain the same 
essential oil, and should be used more. They are picked when only one-
fourth grown and resemble little cloves. ° 

There are several other sources of cassia of less importance. Indian 
cassia comes from Cinnamomum Tamala; Padang cassia, with smooth 
bark and no cork, from C. Burmannii, a tree of Indonesia. Large 
amounts of this cassia are imported in the United States. Oliver's l;!ark 
(C. Oliveri) of Australia and IVIassoia bark (C. Massoia) of Kew Guinea 
are inferior substitutes. 

Cassia bark and cassia oil are used in medicine, for flavoring purposes, 
and in soap, candy, and perfumery. The United States imports cassia. 
chiefly from China and Indonesia. . 

Cinnamon 

Cinnamon was discovered much later than cassia and immediately 
superseded the older spice. It was used by the natives long before it 
attracted the attention of the white man. It is a native of Ceylon, and is 
often called Ceylon cinnamon. For many years it was grown only in 
Ceylon and was a monopoly of the Portuguese, Dutch, and English in 
succession. N ow the tree is grown in southern India, Burma, parts of 
Malaya, and to some extent in the OW est Indies and South America. 

Cinnam01num zeylanicll1n, the source of cinnamon, is an evergreen 
shrub or small tree, with beautiful dark coriaceouso aromatic leaves, 
numerous inconspicuous yellow flowers, and blackish berries. In cultiva­
tion young trees are cut back, and sucker shoots develop from the roots. 
These are long and slender and furnish the commercial product. They 
are cut twice a year (Fig. 226), the bark is removed, and the outer and 
inner portions are scraped off. After drying, compound quills are tied 
up, ready for shipment (Fig. 223, J). The waste is used as a source of 
oil of cinnamon. The leaves and roots of the plant are also aromatic, 
but the essencial oil differs from that in the bark and is of little value. 
Cinnamon it-_; one of the most popular spices used for flavoring foods. It 
is also used in candy, gum, incense, dentifrices, and perfumes. The oil is 
used in medicine as a carminative, antiseptic, and astringent, and as a 
sourcp of cinnamon extract. 
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Saigon cinnamon or Saigon cassia (Cinllamomum LOlll'cil'ii) is grown in 
French Indo-China. Its coarse bark is highly esteemed in China and 
Japan, and is also used in the United States, where it is recognized as an 
official cinnamon in the U.S. Pharmacopoeia. 

FIG. 226. Cutting cinnamon (Cinnamomllm zeylanicum) in Ceylon. (Reproduced by per­
mission oj the Philadelphia Commercial Jluseum.) 

Sassafras 

Sassafras is not really a spi.ce, but is a flavoring material of considerable 
importance. It is obtained from the bark on the roots of Sassafras 
albidum of eastern Korth America. The sassafras is a tree from 60 to 
100 ft. in height, with characteristically lobed leaves and greenish-yellow 
dioecious flowers, produced before the leaves, and dark-blue drupes with 
red stalks. The spicy root bark was used by the Indians and early 
settlers. All parts of the plant are aromatic. The bark is gathered in 
the spring or fall, deprived of the outer corky layers, and dried. The 
supply comes chiefly from Virginia, Tennessee, ?\ orth Carolina, and 
Kentucky. Sassafras is used for flavoring tobacco, patent medicines, 



SPICES AND OTHER FL11 YORING M11TERiLlLS 445 

root beer and other beverages, soaps, perfumes, dentifrices, and gum. 
Both sassafras bark and sassafras pith are used in medicine. The oil, 
obtained by distillation, is used for flavoring and is one of the sources of 
artificial heliotrope. It is also an ingredient of many soaps and of floor 
and polishing oils. 

SPICES OBTAINED FROM FLOWERS, OR .FLOWER BUDS 

Capers 

The caper bush (Capparis spinosa) is a trailing spiny shrub, a few feet 
in height. It is a native of the l\Jediterranean region and is cultivated'in 
Southern Europe and the southern United States; The solitary berry­
like fruits are borne on thick stalks. The unopened flower buds are 
gathered every morning and pickled in salt and: strong vinegar. These 
capers are roughly spherical and round angled, and dark green in color. 
They have a very pungent taste and are used as conc).imerits with meat 
and in sauces and pickles. 

Cloves 

Cloves are one of the niost important and useful 01 the spices. They 
were in use as early as tne third century B.C;, in China, were well known to 
the Romans, and reached Europe during the Mi'ddle Ages. Their source 
and place of origin ,,'ere unknown until the Portuguese discovered the 
IVlolucca Idands in the sixteenth century. "For a' time' 910ves were a 
Portuguese and later a Dutch monopoly. Today they m;e grown in many 
tropical countries ,in both the Old and New 'Vorlds. 

Cloves are the unopened flower buds of Syzygium aromaticmn, often 
called E1lgenia caryophyllata, a small, conical, and very symmetrical ever­
green tree. In the wild state it produces clusters of crimson flowers, but 
in cultivation (Fig. 227) it never reaches the flowering state." The flower 
buds are greenish or reddish when fresh and become brown and brittle 
on drying. Their shape is nail-like, and the name "clove" is derived 
from the French word for nail, cloll. They have a slightly cylindrical 
base, surmounted by the plump, ball-like, unopened corolla, which is 
surrounded by the four-toothed calyx. The cloves (Fig. 223, D) are 
picked by hand, "stemmed," and dried in the sun or in kilns. The crop 
is an uncertain one and is hard to grow. Cuttings are useless and the 
seeds germinate and grow slowly; so nursery seedlings are usually utilized 
for large-scale propagation. The yield is rather low until the trees are 
at least 20 yc:.rs old. Considerable moisture in the soil is necessary, and 
there is an old saying that clove trees must be able "to see the sea." 

Cloves are very aromatic and fine flavored and impart warming quali­
ties. They have almost endless uses, both whole and in the ground state, 
as a c'Jlinary spice, for the flavor blends well with both sweet and sa,~ory 
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dishes. They are used for flavoring pickles, curries, ketchup, and sauces; 
in medicine; and for perfuming the breath and t.he air in rooms. Cloves 
have st.imulating properties and are one of the ingredients of betel-nut 
chew. Clove cigarettes are smoked in Java. 

The essential oil, which is obtained by distilling cloves with water or 
steam, has even more uses. I t is used in medicine as an aid t.o digestion 
and for its antiseptic and antispasmodic action. It is often used as a 
local antiseptic in toothache. Externally it has a counterirritant action. 
It is an ingredient of many t.oothpastes and mouthwashes. The oil has 

FIG. 227. An orchard of cloves (SyzY{Jillm aromatic1lm) in Zanzibar. "(Reprod1lced by per­
mission from Allen, Ajrica, Allstralia and the Islands of the Pacific, Ginn and Company.) 

many industrial applications and is extensively employed in perfumes, in 
scenting soap, and as a clearing agent. in histological work. The chief 
const.ituent of the oil, eugenol, is extracted and used as an imitation 
carnation in perfumes and for the formation of artificial vanilla. 

Clove stems are a commercial product, with a smaller content of the 
essential oil, and they are often used to adulterate cloves. The dried 
fruits, known as mother cloves, are also of some value. 

The chief clove-producing countries are Zanzibar, which grows 90 per 
cent of the total output, Indonesia, }'Iauritius, and the 'Vest Indies. 

Saffron 

The cultivation of the saffron crocus (Croc1ls sativus) dates back to the 
time of the Greeks and Hebrews and is still carried on in many parts of 
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Europe and the Orient. The dried stigmas and tops of the styles are 
used as a spice and as a dyestuff. Saffron was of great importance during 
the lVIiddle Ages because of both its real and its fancied value in medicine. 
Today it is used as a flavoring material to some extent. Saffron cakes 
are popular in some parts of England. Saffron is an ingredient of many 
Continental dishes, particularly the famous French bouillabaisse. 

Flavoring Materials from Flowers 

Certain flowers contain essential oils that are frequently used for 
flavoring candy, cakes, and similar products, although, as in the case of 
perfumes, synthetic substances have almost replaced the natriral ones. 
Otto of roses and the oil from sweet violets, however, are still used. 
Floral syrups are also prepared and used for flavoring ices and beverages. 
Crystallized flowers are being used more and more. These are prepared 
by placing fresh flowers in baskets and allowing a sugax syrup to trickle 
over them until no more can be absorbed: They are· then dried in the 
sun or with artificial heat. These confections ha~e the flavor imparted 
by the respective essential oils .. The industry centers in Grasse, France. 
The flowers utilized include violets, rose petals, lavender,. carnations, 
lilac, and orange. . 

SPICES OBTAINED FROM FRUITS 

Allspice 

The dried unripe fruits (Fig. 223, B) of Pi1izenta dioica,· a small tree 
native to the \Vest Indies and parts of Central arid South America, con­
stitute the spice known as allspice, pimento, or Jamaica pepper. The 
name" allspice" is due to the fact that its flavor resembles a combination 
of cinnamon, cloye, and nutmeg. 

The allspice tree is an evergreen, 20 to 30 ft. in height, with greenish­
white flowers and purple fruits. Since the ripe fruits lose most of their 
aromatic qualities, the commercial product is collected when the berries 
are mature but still green. Branches are broken off and the fruits 
removed by hand or flails. The ripe and undersized berries are dis­
carded, and the desirable ones are dried for several days (Fig. 228). 
They become wrinkled and turn a dull reddish brown, while the aroma 
becomes more pronounced. The allspice tree is so common in Jamaica 
that it does Dot have to be cultivated. It grows slowly and begins to 
bear when about seven years of age and continues for 12 years, with an 
average yield of 75 to 100 lb. per tree. 

Allspice is used as a culinary spice alone, or in mixture. It is much 
favf'red for sauces, pickles, sausages, and soups. The extracted oil is 
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used for flavoring and perfumery. The leaves contain an inferior oil of 
bay, ,yhich is sometimes used to adulterate bay rum. The wood is used 
for canes and umbrella handles. 

Although grown to some extent in all the American tropics, allspice is 
so abundant in Jamaica that the island has a yirtual monopoly, exporting 

r 

FIG. 228. Drying allspice in Jainaica. The crude spice consists of the ·unripe fruits of 
Pimenta dioica. (Reproduced by permission of the PhIladelphia Commercial .1[llscum.) 

some 5,000,000 lb. annually. l'IIexico and Guatemala produce a much· 
smaller amount. 

/Capsicum 

America's most important contribution to the spices is capsicum or 
red pepper. This familiar condiment is obtained from the fruits of 
several different plants, all belonging to the genus CapS"icwn. This genus 
is native to tropical America and the 'Vest Indies. The capsicums are 
very old, extending back to pre-Inca days. Shortly after the voyages of 
Columbus, who found all the West Indian natives using red pepper, the 
spice reached Europe, and by 1600 it was widespread in the Eastern 
tropics. Today capsicums are grown all over the world, except in the 
colder parts, and in many countries they are the most important spice. 

The long period of cultivation has resulted in many varieties, differing 
in habit and in the size, shape, color, and pungency of the fruit. Among 
these are the bell peppers, chilis, paprikas, pimientos, tabascos, and others. 
By some authorities these are considered to belong to two or three dis-
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tinct species, while others interpret them as derivatives of a single species, 
known variously as Capsicum fruiescens or C. ann1lU1n. 

The sweet or bell peppers (var. grossum) are herbs or slightly woody 
plants, 2 or 3 ft. in height, with ovate leaves, white flmvers with a rotate 
corolla, and many-seeded fleshy fruits, which are technically berries. 
The fruits are large and puffy with a depression at the base, and are 
yellow or red in color when ripe. These peppers are the mildest of all 
the capsicums, as the pungent principle is restricted to the seeds. They 
are more favored in the northern part of the United States, where they 
are used as a fruit vegetable rather than as a spice. -Both green and ripe 
peppers are eaten raw in salads, or are cooked in vario·us ways, stuffed 
peppers being especially popular. They are also used in pickles. The 
plants are grown as annuals or biennials, depe~ding on the climate. 
They require a long season in 1"hich to develop, but even so are well 
adapted to cooler areas, for they will withstand a little"frost. _ 

The paprikas are European varieties with large mild fruits. Spanish 
paprika, which is better known as pimiento, produces attractive fruits 
with a 'characteristic flavor, but entirely lacking in pungency. -These are 
preserved, and are used in cheese preparations and stuffed o~ives. _ They 
are also grown in South America, _ California, and Georgia. Hl!-ngarian 
paprika has long pointed fruits which are. more pungent: These: are 
dried and used for powdered paprika, which is a familiar- condiment. 
Only the pericarps and seeds are utilized. The uses of pap~ika as a condi­
ment and in cooking are too well known to -need mention. It has a high 
vitamin content. Perhaps the best known dish, in which paprika is an 
essential element, is Hungarian goulash. 

The chilis (var. long1l1n) or capsicums, as they are known in medicine, 
are strictly tropical and subtropical plants. They are more woody and 
taller (Fig. 229), with small podlike berries and innumerable small flat 
seeds. The crimson or orange-red fruits (Fig. 223, G) are elongate, 
conical, somewhat flattened, and very pungent. The pungent principles 
are present in the flesh and rind as well as the seeds. These peppers are 
cultivated everywhere in the tropics. The African varieties are the 
hottest, but Japanese chilis are more favored for culinary purposes. The 
ripe fruits are dried in the sun and used whole or powdered. The ground 
fruits constitute the cayenne pepper. or red pepper of commerce. Cap­
sicum is used in medicine internally as a powerful stimulant and carmina­
tive and to prevent fever; it is used externally as a counterirritant. It is 
extensively ,;sed in such beverages as ginger ale because of its pungency. 
The culinary woes are too numerous to mention. These small peppers 
are especially favored in the American tropics, where they are used in 
chili con carne, tamales, and other local dishes. Pepper sauce is made by 
extmcting the pulp by pressure and pickling in brine or strong vinegar. 

/ 
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Tabasco sauce IS pepper sauce, made from a small variety grown In 

Louisiana. 
The "Cnited States imports paprika from Hungary, and capsicum 

chiefly. from Japan, British East Africa, and IVlexico. 

FIG. 229. 'Chili peppers (Capsicum jrutescens var. longum) showing the habit. (Photo by 
Walter H. Hodge.) 

Juniper 

The" berries" of the common juniper (Juniperus cOlmiz.unis) are used 
as a flavoring material. The juniper is a small tree or pro~trate shrub with 
evergreen needlelike leaves and a berrylike cone, formed by the fleshy 
coalesced scales. The tree is a native of the cooler parts of Asia, Europe, 
and North America. The berries have a sweetish pulp with a character­
istic ginlike aroma. They arc purple in color, with a greenish bloom. 
They are dried and used in flavoring game and various meats, but more 
particularly for gin. The volatile oil that is extracted from crushed 
berries by steam distillation is also used for flavoring gin, and to some 
extent in medicine. 

Pepper 

Pepper has always been one of the most important of spices, and it is 
one of the most ancient. It has been highly esteemed in the East from 
time immemorial. It was an important commodity in Greece and Rome, 
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and was the chief spice during the Middle Ages, when tributes were often 
levied in pepper. As early as 1180 the Guild of Pepperers was one of the 
leading trade guilds in England. It is interesting to note that London is 
still the center of the pepper trade. The high price of pepper was one 
of the chief incentives for the search for a sea route to India. Today no 
other spice is better known or more widely use-d .. 

Black pepper is the dried unripe fruit of Piper nigrwn, a vine indigenous 
to India or the Indo-1hbyan region. It is now cultivated everywhere in 

~, 

I· 

the Eastern tropics from Africa to India, Siam, the Philippine Islands, 
the East Indies, and the South Sea Islands. The pepper plant is a weak 
climbing or trailing shrub with adventitious roots, reaching a length of 
30 ft. in the wild state. It has coriaceous evergreen lea,ves a,nd very 
sma'l flowers in catkins. The fruits are small one-seeded berry-like 
drupes, about 50 to a catkin. In ripening they change in color from 
green to bright red a,nd then to yellow. Pepper requires a hot humid 
climate and at least partial shade. Various soils can be utilized. The 
plants are supported on posts or living trees (Fig. 230). When they are 
about 2 ft. in height, the tip is removed to promote the development of 
lateral buds. The crop begins to yield in two or three years and reaches 
full L..'aring in seven years. Propagation is by seed or cuttings from the 
tips of the vines. 
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For the preparation of the black pepper of commerce the fruits are 
gathered when at least a few of the berries in each spike are red. They 
are picked by hand. The spikes are dried in the sun or in smoke and 
are sometimes treated with boiling water preparatory to drying. When 
dry, the berries or peppercorns (Fig. 223, H) are rubbed off, winnowed, 
and packed for shipment. They are reddish brown or black with a 
wrinkled surface and measure 3 to 5 mm. in diameter. 

White pepper is prepared from berries that are nearly ripe. They are 
picked and piled in heaps to ferment or are soaked in water. The pulp 
and outer coating of the seed are then removed. 'Vhite pepper is a 
yellowish-grey color, and the surface is smooth (Fig. 223, E). Fre­
quently white pepper is prepared from black peppercorns by grinding off 
the outer parts by machinery. Although not so pungent as black pepper, 
white pepper is preferred in the trade. Commercial ground pepper is 
often a blend. 

The aromatic odor of pepper is due to a volatile oil, while the pungent 
taste is caused by an· oleoresin. An alkaloid is also present. Pepper 
stimulates the flow of 'saliva and the gastric juices and has a cooling 
effect. The culinary uses are numerous, and it is especially valuable as 
a condiment. Pepper itself as well as the oleoresin and alkaloid are 
used in medicine. The alkaloid is used as a source of synthetic heliotrope. 
The United States imports more pepper than any other spice. 

Long Pepper 

Long pepper is obtained from Piper retrafractu1Il of Java and Piper 
langwn of India. The former species, a climbing woody plant native to 
:Malaya, is cultintted in Java, Bali, and adjacent islands. The latter is 
more shrubby. It is a native of India, Ceylon, and the Philippine 
Islands, and is grown chiefly in Bengal. 

Long pepper was more highly esteemed by the Romans than black 
pepper and was also important in the :Middle Ages. The tiny ~ruits are 
fused into cylindrical spikelike cones. These are collected when unripe 
and are dried quickly in the sun or over fires. Long pepper contains the 
same principles as black pepper, but is very aromatic and somewhat 
sweeter. It is grmyn in the same way as the ordinary pepper. It is 
almost a forgotten spice, except in the tropics, where it is extensively used 
in pickles, preserves, and curries. 

Star Anise 

Star anise is the fruit of a small evergreen tree (Illicimn verurn) which 
is probably a nati\'e of China. The star-shaped reddish-brown fruits 
consist of eight carpels, each \\'ith a hard shiny seed. Both the seeds and 
the fruit are highly aromatic \\'ith a flayor of anise. The plant is culti-
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vaied from seed only in southern China and Indo-China. It is not grown 
more frequently because of its special climatic requirements and its slow 
and hazardous development. The tree yields at from 6 to 100 years of 
age, often producing two crops a year. The fruits are collected before 
they are ripe and are dried, or are immediately distilled for the oil. 
Star anise is used as a culinary spice only in the East. It is often chewed 
to sweeten the breath and aid digestion. The oil is used in medicine as a 
carminative, expectorant, and flavoring material, and also in liqueurs, 
aperitifs, and perfumery. 

Vanilla 

A climbing orchid, Vanilla planifolia, native to the hot moist forests of 
tropical America, is the chief source of vanilla. This favorite flayoring 

FIG.231. Vanilla and tonka beans. From left to right: Tahiti vanilla; Pompona vanilla; 
::'Iexican vanilla; tonka beans, a substitute for vanilla. Tahiti and ::'Iexican vanilla come 
from Vanilla plan;jolia, while Pompona vanilla is tJie fruit of V. Pompona. Tonka beans 
are the seeds of Dipteryx odorata and D. oppositifolia. (Reproduced by permission from 
Youngken, Textbook of Pharmacognosy, P. Blakiston's Son & Company.) 

material is obtained from the cured, fully gro>vn, but unripe fruits. Its 
use antedates the discovery of America. The Spaniards, who found the 
Aztecs using it to flavor chocolate, carried vanilla to Europe. It soon 
reached the Eastern tropics and was cultivated in many places: 

The plant is a climbing vine with fleshy adventitious roots, large suc­
culent leaves, and greenish-yellow flowers. The fruits are long, thin, 
yellow, podlike capsules, known as vanilla beans. Vanilla is a strictly 
tropical species and requires a hot climate with frequent rains. In 
cultivation it is grown from cuttings, and is trained on posts or living 
trees. The flowers are artificially pollinated by hand. 

The flavor and aroma are not present in the pods until they have been 
cured. The unripe fruits are picked at just the right time and submitted 
to a f:weating process. They are exposed to the sun during the morning, 
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and are then protected by blLnkets during the afternoon, while at night 
they are placed in airtight boxes. During this curing process a glucoside 
is changed by enzyme action into a crystalline substance, vanillin, which 
possesses the characteristic odor and flavor. The pods (Fig. 231) become 
tough and pliable and very fragrant, and turn dark brown in color. 
Often crystals of vanillin appear on the surface. Vanilla is cultivated 
in many tropical countries, regions with an island climate being par­
ticularly favorable. :Mexico,' the Seychelles Islands, :Madagasear, the 
Camara Islands, Reunion, Tahiti, Dominica, Puerto Rico, and Guade­
loupe are the chief producing areas. 'Yest Indian or Pompona vanilla 
is obtained from YaniZZa Pompona, a species ,yith shorter, thicker pods. 

Yanilla is used in flayoring "chocolate, icc cream, candy, puddings, 
cakes, beverages, etc. Occasionally the beans are used, but more often 
an extract is prepared by extracting crushed beans with alcohol. The 
manufacture of synthetic vanillin from eugenol, which occurs in clove 
oil, has seriously threatened the yanilla industry, but the demand for 
the natural product is now increasing. Several other plants have been 
used as substitutes for the true vanilla, but they are of little value. 

Savory "Seeds" 

The great family of the Umbelliferae is characterized, among other 
things, by the possession of aromatic fruits. These fruits (Fig. 232) con­
sist of two one-seeded carpels, or mericarps, with numerous oil ducts 
containing essential oils. The mericarps separate readily and are so 
seedlike in appearance that they are commonly called seeds. These 
savory "seeds" are usually used whole for flavoring purposes. The 
commonest commercial species are anise, caraway, celery, coriander; 
cumin, dill, and fennel. 

Anise. Anise (Pimpinclla Aniswn) is one of the earliest aromatics to 
be mentioned in literature. It was ,yell known to the Hebrews, Greeks, 
and Romans and was highly valued during the ]\1iddle Ages for its real 
or reputed medicinal value. The plant (Fig. 233) is an annual, about 2 
ft. in height, with simple or tern ate basal leaves and onC8- or twice-pin­
nate stem leaves. The small fruits (Fig. 232, D) are grayish-brown and 
covered with short hairs. Anise is extensively cultivated in Europe, 
Asia Minor, India, "Mexico, and parts of South America. It is a native of 
the :Mediterranean region. Anise is used for flavoring cakes, curries, 
pastry, and candy. The oil is distilled and used in medicine, perfumery, 
soaps and other toilet articles, and beverages. The liqueur anisette is 
well known. 

Caraway. Caraway (Camm Carui) is the most important of the umbelli­
ferous fruits. The plant is a native of Europe and V{estern Asia, but is 
now widely distributed in temperate regions of both hemispheres, often 
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FIG. 232. Savory "se~ds," the fruit of various members of the Umbelliferae. A, coriander 
(Coriander sativum); B, fennel (Foenicu/um vuloare); C, celery (Lipillm orateolens var. dulce); 
D, anise (Pimpinella Anisum); E, cumin (Curniil1lm Cyminllm); F, caraway (Carilm Carvi). 

FIG. 233. An anise plant (Pimpinclla Anisum) showing flowers and fruit. 
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occurring as a weed. It has been cultivated since before the time of the 
Lake Dwellers in Europe. Caraway is a perennial "'ith thick roots, com­
pound leaves with linear segments, and small white flowers. The brown 
fruits (Fig. 232, F) are slightly curved and tapering. These" seeds" are 
used by the baking industry, in perfumery, medicine, and beverages, such 
as the liqueur kilmmel. Caraway is grown commercially throughout 
Xorthern Europe and to some extent in the United States and Canada. 

Celery. The" seeds" of the celery (Apium graveolens val'. dulce), 
already discussed under vegetables, are much used for fla\·oring. These 
fruits (Fig. 232, C) are small and dark brown \yith a pronounced celery 
flavor. The oil has some medicinal value, but is used chiefly for flavoring 
in the form of an extract. Salt, flavored with celery-seed oil or the 
ground seeds, is in great demand for culinary purposes. 

Coriander. Coriander is anothel' \'ery old flavoring substance. It is 
mentioned in Egyptian, Sanskrit, Hebrew, and Roman literature. Dur­
ing the Middle Ages it had many curious uses, such as love potions, 
incense, etc. The plant (Coriandrum satit'llIn) is a natke of the Mediter­
ranean region, and is extensively grown in Europe, :Morocco, India, and 
South America. It is a rank-smelling perennial, 3 ft. in height, with 
small white or pinkish flowers. The lower leaves have broad segments, 
while the upper are very narrow. The ·globular yellow-brown fruits 
(Fig. 232, A) have an unpleasant odor when fresh. The dried fruits, 
howe\'er, are pleasantly aromatic and serve as a common flavoring sub­
stance for both sweet and savory dishes, especially in Europe and India. 
The fruits are often candied in a sugar solution and sold as "sugar 
plums." Oil of coriander is used in medicine and in flavoring be\'erages, 
such as gin, whisky, and various liqueurs. The extract or essence is a 
better flavoring substance than either the dried fruit or the oil. 

Cumin. Cumin (Cumin1l1n Cyminum) has been cultivated for so long 
that it is difficult to say where it is native. Like so many others of this 
group, it probably originated in the :Mediterranean area. The pl~nt is an 
attractive little annual with small pinkish flowers. The elongated oval 
fruits (Fig. 232, E) are light brown in color and hot and aromatic. Cumin 
was highly prized by the ancients and is frequently mentioned in the 
Bible. Today it is extensively grown in Southern Europe and India. 
The fruits are used in soup, curries, cake, bread, cheese, and pickles, and 
are often candied. The oil is used in perfumery and for flavoring 
beverages. 

Dill. Dill (.1neth1l1n graveolens), a native of Eurasia, still occurs 
spontaneously in many places. It was grown in Greece, Rome, and 
ancient Palestine, \yhere it was held in high repute. It is now cultivated 
in Europe, India, and the G'nited States. Dill is a small annual or bien­
nial with light-green leaves and yellow flowers. The" seeds" are oval, 
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light brown, and much compressed. In the United States dill is used 
chiefly for flavoring pickles. In France, India, and other countries it is 
much used in soups, sauces, and stews and for other culinary purposes. 
Dill oil is often used as a substitute for the seeds. Both the seeds and the 
oil are used in medicine. In India and the U.S.S.R. the leaves are also 
utilized. 

FIG. 234. Sweet or Florence fennel (Foen£ClIlum vulgare var. dulce). The thickened 
and blanched leafstalks of this variety are used as a vegetable. (Courtesy of Breck and 
Company.). 

Fennel. Fennel (Foenic1Ilu1n mtlgare) has had a long and interesting 
history. A native of the Mediterranean region, it has spread all over the 
world and often occurs as an escape from cultivation. It was known to 
the ancient Chinese, Hindus, and Egyptians as a culinary spice. The 
Romans cultIvated it for its aromatic fruits and edible shoots .. ?It is 
indispensabie in modern French and Italian cooking. All parts of the 
plant are aromatic and can be utilized in various ways. Fennel is a tall 
perennial with finely divided leaves and yellow flowers. The" seeds" 
are oval and greenish or yellowish brown (Fig. 232, B). They are used 
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in cooking and for candy and liqueurs. The oil is used in perfumes, 
soaps, and medicine. The thickened leafstalks (Fig. 23-1-) of one variety, 
finochio or Florence fennel (val'. dlllec) , are blanched and used as a 
veget.able. 

SPICES OBTAINED FROM SEEDS 

Cardamom 

For centuries the highly aromatic seeds of the cardamom (Elcttaria 
Cardalllomwn) have been an important spice in the Orient. The plant is 
a native of India, and is cultil"ated chiefly in that country and Ceylon, 
although it has been introduced into other tropical countries. Large 
quantities are grown in Central America, particularly in Guatemala. 
It is a perennial herb, G to 12 ft. in height, with long lanceolate leaves with 
sheathing bases. The white flowers, ,yith a blue and yellow lip, are borne 
on a separate elongated stalk. The fruits, which are triangular paper­
thin capsules, are borne the year round. The small seeds (Fig. 223, A) 
are light colored and have a delicate flavor. They are usually kept in the 
fruit until needed, for the flavor is better. In other cases, seeds of either 
wild or cultivated plants are gathered when dead ripe and dried in the 
sun. Few spices are handled with greater care. Cardamoms are used in 
curries, cakes, pickles, and for other culinary purposes, as well as in 
medicine. They are a favorite masticatory in India. The oil is used 
some\yhat in cooking and in flavoring beverages. 

Fenugreek 

Fenugreek (Trigonclla Foenwn-graecwn) is an annual legume with 
white flowers and long slender pods with a pronounced beak. It is a' 
native of Southern Europe and Asia. The plant is growri for forage and 
for ornamental purposes. The small seeds are used in India for curries, 
in dyeing, and in medicine. The extract is used with other aromatic 
substances in making an artificial maple flavoring. 

Grains of Paradise 

Aframomwn .i.11 elegllcta, a pprennial herb of 'Yest Africa, is the source of 
the aromatic seeds known as grains of paradise. This plant has large 
rootstalks which send up an erect stem, 8 ft. or so in height, with long 
fragrant leaves and showy yellow orchidlike flowers in dense spikes. The 
fruits are orange pear-shaped capsules, and· contain the golden-brown 
seeds with a distinctive aroma. These seeds are very pungent and during 
the ::\Iiddle Ages rinled pepper in popularity. They are still used some­
what in medicine and for flavoring beverages, and deserve wider recogni­
tion. The seeds of various species of Amomllm are sometimes utilized as 
su bsti tu tes. 
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Mustard 

Mustard was well-known to the ancients. It is frequently mentioned 
in the Bible and in Greek and Roman writings. During its long history 
it has had many curious uses. Today mustard is grown as a field crop in 
most temperate regions, especially in North America, Europe, China, and 
Japan. Although cultivated chiefly for the seeds, the tops are used 
somewhat as pot herbs and salad plants. Two species are utilized. 

White Mustard (Brassica hirta) is a freely branching annual, 2 to 6 ft. 
in height, with yellow flowers, hairy lobed leaves; and a bristly pod with a 
long beak. The small round seeds (Fig. 223, C) are yellow on the outside 
and white within. They contain, among other substances, mucilage, 
proteins, a fixed oil, and a glucoside, sinalbin. When ground seeds are 
treated with water, this glucoside is broken down through enzyme' 
activity and yields a nonvolatile sulphur compound with a characteristic 
sharp taste and pungency. White mustard is used in medicine and as a 
condiment. The fixed oil is expressed and used externally as a counter..; 
irritant. It can also be utilized as a lubricant and illuminant. 

Black mustard (Brassica nigra), also a native of Eurasia, is grown more 
commonly in almost all civilized countries. It is a common weed in the 
United States, and is cultivated commercially in many places, especially 
in California, lvlontana, and Kentucky. The plant is smaller than the 
white mustard, and has smooth pods with dark-brown seeds (Fig. 223, F), 
which are yellow inside. Black-mustard seed has the same general 
constituents as white-mustard seed. The glucoside, sinigrin, however, 
yields on decomposition a volatile oil containing sulphur, which is respon­
sible for the pungent, aromatic odor and fla,ror. This essential oil is very 
powerful and dangerous to handle as it readily blisters the skin. It also 
attacks the membranes of the nose and eyes. When well diluted it is 
used in medicine as a counterirritant, and to some extent in condiments. 
The expressed fixed oil has a mild taste. It is used in soapmaking and 
medicine. . 

Ground mustard is much used as a condiment and in preparing pickles, 
sardines, salad dressing, etc. It has a stimulating effect on the salivary 
glands and also increases the peristaltic movements of the stomach. 
Mustard and warm water form an efficient emetic. The more. pungent 
black mustard is preferred on the continent of Europe, while white 
mustard is more popular in England. Ground mustard, however, is 
usually a con:.hination of the two kinds. The familiar mustard paste is 
prepared by treating ground mustard with salt, vinegar, and various 
aromatics. 

Indian mustard (Brassica juncea) is used in India and parts of Europe as 
a spiee and in cooking. Its properties are similar to those of black 
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mustard. The fixed oil is expressed and is used in cooking and to anoint 
the body. 

Nutmeg and Mace 

Nutmeg and mace are both obtained from illyn'sI7'ca jragrans, a native 
of the :Moluccas or Spice Islands, and nmy grown in the tropics of both 
hemispheres, particularly in the East Indies and the British West Indies. 
It is doubtful whether these spices, which arc now so popular, were 

known to the ancients. They had reached Europe, however, by the 
twelfth century. Upon the discovery of the Spice Islands in 1512, the 
Portuguese obtained a monopoly of nutmeg and mace, which was later 
wrested from them by the Dutch. At a later date trees were smuggled 
into French and British possessions and the monopoly was broken. 

The nutmeg tree is a handsome evergreen \"ith dark leaves and reaches 
a height of 30 to 60 ft. It is normally dioecious, with small pale-yellmv 
flowers that arc fleshy and aromatic. The ripe fruits (Fig. 235) are 
golden-yellow and resemble apricots or plums. They gradually dry out 
and, when dead ripe, the husk splits open revealing the shiny brown seed 
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covered "'ith a bright-red branching aril (Fig. 236). Inside the seed is 
the kernel, which is the nutmeg of commerce. The aril is the source of 
mace. 

The nutmeg is propagated from seed in nurseries and later transplanted. 
It requires a hot moist climate and thrives best when ncar the sea, so that 
islands are very favorable for its growth. The trees come into full bear­
ing when about 20 years of age and continue for 30 or 40 years. The 
yield is very high, a large tree furnishing about 1000 nutmegs annually. 
Fruits are produced all the year round. After the husks split open, the 
fruits are picked, the peri carp is removed, and the .~ace is stripped from 
the shell, flattened, and dried .. It turns a yellowish brown. The seeds 

FIG. 236. Fruit of. the nutmeg (llfyri8tica!ragrans), showing the whole fruit, :l sectioned 
fruit with the ariI-covered seed, the aril (the sourcC' of mace) removed, and the kernel (the 
nutmeg of commerce). (Photo by TValterH. Hodge.) . '. 

are dried and the shell cracked off. The kernels are removed, sorted, 
and often treated with lime to prevent insect attack . 

.Mace is one of the most delicately flavored of spices and is used with 
savory dishes and in making pickles, ketchup, and sauces. 

Nutmegs have been used medicinally and as a culinary spice for a long 
time. Grated nutmeg is used with puddings, custards, an'd other sweet 
dishes, and with yarious beverages. A jelly is made from the fresh husks 
of the ripe fruit.. An essential oil is extracted for use in medicine and as 
a flavoring agent. This oil contains a highly toxic substance, myristicin, 
and can be used only in small amounts. Caution must also be exercised 
in the use of nutmeg and mace. Nutmeg oil is also used in the perfume 
and tobacco industries and in dentifrices. Nutmegs contain a fixed oil, 
knOW~l as nutmeg butter, the uses of which have already been discussed. 
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Tonka Beans 

Two species of tropical South American trees (Dipteryx odorata and D. 
oppositifolia) arc the source of tonka beans, which are becoming increas­
ingly important as substitutes for yanilla. l\Iost of the commercial sup­
ply comes from Brazil, Venezuela, and Colombia. The large trees, up to 
110 ft. in height, have curious egg-shaped fruits \"ith a hard shell and 
pulpy flesh surrounding a single seed. " The natives collect the fallen 
fruits, break them open, and dry the seeds (Fig. 231). These resemble 
Jordan almonds and have a black wrinkled surface. They contain a 
crystalline substance, coumarin, which is of considerable importance in 
the manufacture of perfumes. The odor is that of new-mown hay, and 
closely suggests vanilla. The beans, or an alcoholic extract, are used for 
flavoring tobac,co, cosmetics, soap, perfumes, liqueurs; as a substitute for 
vanilla in cocoa, candy,' and ice cream; and as a fixative in making 
dyestuffs. 

SPICES OBTAINED FROM LEAVES 

The aromatic' and s\~'eet.;.smeliing leaves 'of many plants have long been 
used for flavoring materials and for their medicinal value. The old­
fashioned herb garden with its fragrant plants is returning to popularity 
and the savories or sweet herbs may again be as familiar as they were a 
century ago. Many of these plants belong to the mint family, which is 
characterized among other things by its aromatic odor, square stems, and 
small bilabiate corollas. Among the more important mints that are used 
as flavoring materials may be mentioned balm, basil, marjoram, pepper­
mint, sage, savory, spearmint, and thyme. 

Balm 

Balm (Melissa officinalis) is a perennial herb of Southern Europe, 
which has been introduced into all temperate climates. It has been 
cultivated for over 2000 years and \,':as well known to the Arabs, Greeks, 
and Romans. The leaves are used in soups, stews, sauces, dressings, and 
salads. The essential oil has a lemonlike taste and is used in beverages. 
The flowers have long been an important source of honey. 

Basil 

Sweet basil (Ocimuln Basilic1lln) is probably a native of India and 
Africa. It has been used in the former country for centuries as a condi­
ment, and has long been popular in England because of its aromatic 
qualities. The leaves are used in stmvs and dressings and as an ingredient 
of mock turtle soup and the famous Fetter Lane sausages. Basil is also 
very popular in French cookery. The golden-yellow essential oil, used in 
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perfumery and various beverages, is produced commercially on a small 
scale in California. It is obtained from several varieties of basil. 

Marjoram 

Sweet marjoram (Majorana hortensis), a native of the Mediterranean 
region, is another savory herb of great antiquity. It is a sacred plant in 
India, and is popular in both Europe and the United States. The leaves, 
flowers, and tender stems are used for flavoring syrups, stews, dressings, 
and sauces. The essential oil is used for soap and perfumes. Pot 
marjoram (Origanum vulgare) is also used to some extent. 

Peppermint 

Peppermint (Mentha piperita) is one of tIle most important of the 
aromatic herbs. It is a perennial plant found wild in moist ground in the 
temperate parts of Europe, Asia, and America. It is cultivated 'in 
Europe and has been an important crop plant in America for over 100 
years. Peppermint was first gro\\;n in ,New York, but now ivIichigan, 
Indiana, and the Pacific Northwest are the leading states. .Mucky soils 
unsuited to other types of agriculture are utilized.. The crop is harvested 
with mowing machines when in blossom and aIter drying is hauled to 
distilleries. Peppermint has a refl:eshing odor and a p~r~istent cooling 
taste. The leaves are used to some extent for flavoring purposes, but the 
oil, obtained by steam distlnation, is of much greater importanc.e. This 
is widely used to .flavor gum, candy, dentifrices, arid various pharma­
ceutical preparations. It is valuable in both internal ~nd external 
medicine and in the perfume and soap industries. Because of its pene­
trating odor it is often used to detect leaks in pipes. Over 1,000,000 
lb. of peppermint oil are produced in the United States annually. Pep­
permint camphor or menthol, a derivative of the oil extracted by freezing, 
is a valuable antiseptic and is much used in the treatment of colds. . 

Japanese peppermint (llJentha arvensis val'. pipcrascens) is extensively 
cultivated in Japan, Brazil, and the United States as"the chief cOlnmercial 
source of menthol. Although the menthol content is m.llch higher than in 
peppermint, both the oil and the camphor are very hitter a:nd so are less 
valuable. 

Sage 

Sage (Saluia officinalis) has long been esteemed as a spice for use in 
making stu~ng for fowl, meats, and sausage and is one ofthe most impor­
tant culinary herbs at the present time. It is a shrub like hei'b (Fig. 237) 
of the Mediterranean region and is widely cultivated. The grayish-green 
hairy leaves are very aromatic.' It has been used for its reputed hea1th-
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Savory 

Summer savory (Saturcja hortcnsis), a native of the lVIediterranean 
countries, is now grmyn all oyer the world. It is cultivated in Ohio,· 
Illinois, Michigan, Indiana, and seyeral of the Western states. The 
leaves are strongly aromatic, with a warm bitter taste. Formerly savory 
was used for flavoring cakes, candy, and puddings, but nmy it is used in 
dressings, sauces, and gravies and similar culinary products. The Romans 
used savory as a pot herb as well as flavoring material. 

Winter sayory (S. montana) was formerly a popular flavoring herb in 
Europe. 

Spearmint 

Spearmint (.ill entha spicata) , a native of temperate Europe and Asia, 
has spread all over the world. It is very common in the -enited States in 
wet places. Spearmint has been known since·Biblical times. Both fresh 
and dried leaves are llsed for mint sauce and jelly and to flavor soups, 
stews, sauces, and be"erages, such as mint juleps. It is also used in 
che,ying gum, dentifrices, medicine, and candy. The plant (Fig. 238) 
resembles peppermint, but has longer and lighter colored leaves and more 
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pointed spikes. It also has a milder flavor. Spearmint is cultivated in 
:Michigan and Indiana. 

FIG. 238. The spearmint (Mentha spicala) under cultivation. 

Thyme 

Thyme (ThynL1ls v1dgaris) is a native of the Mediterranean region, 
where it is stilI very common as a ,yild plant. It is cultivated in most 
countries and often escapes. Thyme \yas used bi the Greeks as an 
incense in their temples and by the Romans in cooking and as a source of 
honey. Today the fresh or dried green parts of the low shrubby plant 
are used in soups, sauces, dressings, and gravies. The oil is used'in per.:. 
fumery. Thymol, a derivative of the oil, is antiseptic -and is used in 
mouthwashes, tooth pastes; as a fungicide, and as an internal medicine, 
where it is effective against hookworm. It is also useful in industry. 

Bay 

The sweet bay (Lauru8 nobilis) is a small tree native to Asia Minor. 
It is very ornamental a!ld is often cultivated. The leaves constituted 
the laurel of antiquity, the symbol of victory. They are bitter and 
aromatic and are much used in cooking. Bay is extensively grown in 
Europe, where the leaves are used in soups, puddings, and other culinary 
products. It is an ingredient of the "bouquet," the small bunch of 
sweet herbs 'used extensively by the French. The essential oil was 
forrr.(Jrly usp,d in medicine. Bay leaves also contain a fixed oil. 
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Parsley 

Parsley (Pclrosclinmn crispum) is one of the most familiar and widely 
cultivated of the garden herbs. It is a natiye of the rocky shores of the 
Mediterranean, but is found escaped from cultivation in all moist cool 
climates. The plant is a biennial or short-lived perennial, which pro­
duces during the first year a dense tuft of dark-green, finely divided 
leaves (Fig. 239). The leaves are used as a garnish and for flavoring 
soups, omelets, and stuffing. They are an excellent source of vitamin C. 

FIG. 239. Parsley (Petroselinum crispum), one of the most familiar garden herbs. (Cour­
tesy of the .lIassachuselts Horticultural Society.) 

In somQarts of Europe the tops are used for pot he1:bs and the roots 
as boiled vegetables. 

Tarragon 

Tarragon (Artemisia Dracuncul1lS) , a small herbaceous perennial of 
'Western Asia, is widely grown in Europe for its pungent, aromatic leaves, 
\\Thich are extensively used in making vinegar and pickles. It is also used 
for seasoning soups, salads, and various meat preparations. The tender 
shoots can also be utilized. The essential oil is used to perfume toilet 
articles. 

Wintergreen. 

\Vintergreen or checkerberry is an important flavoring material in the 
United States. The original source of this material was Gatllthcria· 
procwnbens, a low creeping evergreen plant of eastern North America. 
The leaves contain a glucoside which breaks down in water to form 
methyl salicylate or oil of wintergreen. The oil is distilled from the 
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leaves in copper stills. It was formerly an important industry in New 
England, and is now carried on chiefly in Pennsylvania. The sweet birch 
(Betula Zenta) contains the same glucoside in its bark, and the young twigs 
and bark of this plant have almost entirely displaced the checkerberry as 
the source of oil of wintergreen. The oil is used in medicine and in 
flavoring candy, soft drinks, chewing gum, and dentifrices. 

Minor Savory Leaves 

The following species contain aromatic oils and are used to some extent 
in medicine and for flavoring purposes. Among the mints may be men­
tioned: catnip (Nepeta Cataria), clary sage (Salvia Sclarea) , hyssop 
(Hyssop us officinalis) , and European pennyroyal (J11entha Pulegium). 
Species belonging to other families include: chervil (Anthriscus Cere­
folium), lovage (Levisticwn officinale) , rue (R1tfa graveolens) , and tansy 
(Tanacetum vulgare). _. 

OTHER SPICES AND FLAVORING MATERIALS 

Several plants that furriish spices or flavoring materials have already 
been discussed in other connections. These include almonds, calamus 
root, chives, cubebs, garlic, hoarhound, lavender, lemon, lime, orange, 
orris root, pistachio, poppy seeds, rosemary arid seS'ame.. _ 



CHAPTER XXI 

BEVERAGE PLANTS AND BEVERAGES 

Beverages of some sort m'e an essential part of human diet because of 
their liquid content. Fronl earliest time man has sought for drinks which 
are rialatable and refreshing. He has 'utilized thousands of species, sur­
prisingly few of which have become of .commercial importance. Two 
categories may readily be rec?gnized: nonalcoholic and alcoholic. 

NONALCOHOLIC BEVERAGES CONTAINING CAFFEINE 

Beverages that contain caffeine are used the ,yorld over for their stimu­
lating and refreshing qualities. As in the case of the cereals, each of the 
ancient centers of' agriculture and civilization had its own beverage 
plant. Coffee, which originated in regions adjacent to South\yestern 
Asia, is now used by 'one-third of the world's population. Tea, which is 
associated with Southeastern Asia, is used by fully one-half the popula­
tion 'of the world. Cocoa, a product of tropic~l America, today serves as 
both food and dririk for over 300,000,000. people. In addition to these 
familiar beverages, there are others that are less widely known, but 
equally important. These include mate, the principal drink of 15,000,000 
South Americans; cola, a favorite beverage and masticatory with millions 
of Africans; khat, used' by' the Arabs; and gnarana, another South 
American drink, which has a higher caffeine content, than any other 
beverage. 

Caffeine is an alkaloid and, like others of this group of plant products, 
has definite medicinal values, acting as a diuretic and nerve stimulant. 
Although, as in the c~se of other drugs, caffeine is harmful in large 
quantities, it is present in these" beverages in such small amounts, rarely 
over 2 per cent, that the average adult experiences no ill effects from their 
moderate use. Excessive indulgence should be avoided, and, in the case 
of sufferers from nerve disorders and of children, caffeine-containing 
beyerages should be used sparingly, if at all. 

Coffee 

Coffee is the most important beverage plant from a commercial starid­
point, in spite of the fact that more people use tea. The world out­
put of coffee has been as high as 3,000,000,000 lb. with a value of over 
S500,000,000. 

468 
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The coffee plant is considered to be a native of Abyssinia, and coffee 
must have been used in that country from very early times. It was 
carried to Arabia about 500 years ago, and for two centuries Arabia sup­
plied the world. The plant was gradually introduced elsewhere in the 
tropics, and reached Ceylon and Java by 1700, the West Indies in 1720, 
and Brazil in 1770. Coffee has been in general use as a beverage for only' 
about 250 years. -From Arabia it spread to Egypt and Palestine, and 
thence to Constantinople. It reached Venice in 1615, Paris i:q 1645, and 
London in 1650. - I'n both France and England coffee enjoyed 'widespread 
popularity for a time arid led to the e~tablishment of the famous coffe~­
houses, the gathering places of the literary men of the day. In spite of 
the fact that today the United States is the greatest coffee-consuming 
country, the' beverage ';yas slow in gaining a foothold.,' Th'e first coffee 
mill was not built until 1833. :. _. , 

Kinds of Coffee. Coffee belongs to the genus Coffea, which contains 
some 25 species, o'aly three 01 which 'are ~f commer'ci[11 iin·portance. 

Arabian coffee (Coffea arabica Y is the source af90 per cent _ of the world 
supply. The plimt, a n:i:tive of Abyssinia, is a beautiful shrub or sinall 
tree from 15 to 30 ft~ in height. The smooth evergreen lea,~es are b~rne 
in pairs. The white, fragrant, starlike flowers (Fig. 240) are clustered in 
the leafaxils. The fruits, sometimes knO\yn as "cherries," are'small 
fleshy berries, changing in color from green through yellow to red or 
crimson. The two greenish-gray seeds are covered with a thin mem­
brane, the silver skin, and are enclosed in a dry husklike parcilment. 
'Vhen only one seed develops, the fruit is known as a "pea berry," anq. 
cqmmands a higher price. Coffee is distinctly a tropical crop and 
requires a hot moist climate. It is restricted to regions lying between 
25°N.L. and 25°S:L. It needs at least 50 in. of rainfall, and prefers 75 to 
120 in. A high humus content is also necessary. The plant is very sus­
ceptible to diseases. There are about 15 kinds of Arabian coffee under 
cultivation. One of them, Mocha coffee, a sniall-see~ed variety grO\\~n 
in the Red Sea region, is highly esteeined. . 

Congo coffee (Coffea robusta) is a larger and more vigorous plant, with 
thick leaves. It bears heavily .an~ is more hardy, and so is adapted to a 
,,-ider range of climate. It is a native 'of the Congo region of Africa and is 
cultivated elsewhere. It constitutes the greater part of' the coffee acre­
age of Indonesia. The quality of Congo coffee is not so good as that of 
Arabirm coffee. 

Liberian cotice (Co.flea liberica) , a native of the west coast of Africa, is a 
still larger species, reaching' a height of 40 to 50 ft., and with fruits 1 in. 
in din meter. The plant is more vigorous and less susceptible to disease. 
This coffee is used chiefly in blends, for the flavor and aroma are i~ferior .. 
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An extensive breeding program has greatly increased the yield in recent 
years. 

Cultivation and Preparation of Coffee. Coffee can be grown from sea 
level to an altitude of GOOO ft. and thrives best at the higher elevations, 
with 4500 ft. the optimum. Under cultivation the plants are grown 
directly from seed, or seedlings are transplanted at 6-ft. intervals. Shad­
ing and constant weeding are essential, and catch crops are often grown. 

FIG. 240. Flowers and fruit of the coffee (Coffea arabica). 

The plants begin to bear in the third year. The best yield is obtained 
from the fifth year, and continues for about 30 years (Fig. 241).' 

The coffee berries are usually picked individually by hand when fully 
ripe, although in Arabia and parts of Brazil they are stripped off or 
allowed to fall to the ground. After picking and sifting or winnowing to 
remove the debris, coffee is prepared for the market by either the dry or 
the wet method. In the former the berries are spread out on drying 
floors and exposed to the sun, care being taken to protect them from the 
rain. The berries are constantly stirred so they will be dried~uniformly. 
Eventually the dried skin and pulp are cleaned off by machines and the 
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parchment is removed by pounding in a mortar or by ,mechanical means. 
In the wet method the berries are run through a pulping machine, which 
removes the skin and part of the pUlp. They are then placed in vats, 
where the remainder of the pulp ferments and can be washed off. They 
are finally dried by the sun or artificial heat. The color of the finished 
product depends on the amount of moisture .. After drying, the brittle' 
parchment is cracked and removed by hulling machines, and the silver 

" .. ;, . 

FIG. 241. A coffee tree in full bearing. 

skin is rubbed off in polishing machines. The seeds or "coffee beans" 
are then graded and packed in burlap bags for shipment. Occasionally 
coffee is exported with the parchment still in place. Eventually the beans 
are roasted,' a process which results in a loss in weight but a gain in bulk, 
and which is [l.ccompanied by many physiological changes. The aroma, 

. flavor, and color develop during this process. No two varieties require 
the same amount of roasting, and there are many differences in the 
temperature used and the duration of the process. Before coffee is sold 
to the consumer it is usually ground. Trade coffee is often made up of 
differ~nt blends. The roasted coffee beans contain from 0.75 to 1.5 per 
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cent caffeii1e, the stimulating principle, and a volatile oil, caffeol, which is 
responsible for the aroma and flavor. Glucose, dextrin, proteins, and a 
fatty oil are also present. The last tends to become rancid if coffee is 
kept too long. 

Production and Consumption of Coffee. The chief areas of coffee pro­
duction have changed during the years. At first Arabia led, but was 
replaced in turn by the ~Yest Indies, Java, and Brazil. Ceylon wus an 
important producer from 1830-1875 when the industry was destroyed by 
a blight. Today Brazil stands preeminent and produces over 50 per cent 
of the world's supply. Coffee is the principal crop and the chief source of 
revenue, and the economic structure of the country is dependent on the 
coffee trade. Brazil has suffered in recent years from overproduction 
and low prices, and has attempted to restrict the industry in all its phases, 
even using surplus beans as fuel. The ~Vestern Hemisphere grows five­
sixths of the ,,'orId's coffee. Colombia, Venezuela, Costa Rica, Guate­
mala, Salvador, and Haiti are next to Brazil in importance. Central 
American coff~es are .~nilde'r 'in flavor 'and more rich bodied. Indonesia 
and the British possessions in Africa also grow a large amount of coffee. 

The United States leads in coffee consumption, using over half the 
world's supply. In 1945 the imports amounted to 2,716,479,896 lb., 
coming chi~fl); from Brazil and Colombia. The per capita consumption 
is estimated at from 11 to 13 lb. Other important coffee-using countries 
are Sweden ""ith' 15 lb. per p.erson, Cuba and Denmark with 13 lb., 
Belgiumwith 11 lb., 'and Norway with 10 lb. France uses about 7 lb. 
per person, Germany 4 lb., and the United Kingdom only 0.07 lb. 

There are many ways of using coffee other than the familiar method in 
use in this, country. In Turkey coffee grounds, mixed with sugar a're 
eaten, and Turkish coffel' is a thick and syrupy concoction. In Sumatra 
coffee leaves are steeped and yield a ,dlOlesome and good-flavored 
beverage. Coffee extract' and soluble coffee, as well as decaffeinized 
coffee, are also available. Coffee is often adulterated, usually "'ith 
chicory, the roasted a~d ground roots of the chicory pl~nt, already dis­
cussed. In Europe coffee containing chicory is preferred to the pure 
product. Substitutes for coffee are also in lISC, such as Postum and other 
cereal beverages, which are made from roasted barley or wheat, and 
which of course lack caffeine. 

The waste products, pulp and parchment, arc used for fertilizer, fuel, 
and in the manufacture of cafelite, a plastic material with good insulating 
properties. 

Tea 

Tea is the most popular of the caffeine beverages, and it is used by fully 
one-half of the population of the world. It is prepared from the dried 
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leaves of Camellia sinensis, a native of Assam in India or of China. Tea 
has been associated with the latter country since early times. At first it 
was valued only for its medicinal properties, but since the fifth century it 
has served as the principal beverage. The word" tea" comes from" te," 
"'hich is used in one of the Chinese dialects in place of the more universal 
"cha." Tea was introduced into Japan about A.D. 1000. It was known 
in Europe in the sixteenth century, but did not become important until 
the seventeenth. Great Britain today is the chief consumer of tea, and 
London is the great tea market of the world. The prominence of the tea­
drinking habit in England, however, has come about during the last 100 
years. 

FIG. 242. The tea plant (Camellia sinensis) under cultivation in Japan. The small shrub 
is often planted in hedges. 

Cultivation of Tea. The tea plant in nature is a small tree, but it is 
grown under cultivation as a shrub, 3 or'4 ft. inheight (Fig. 242). The 
leathery lanceol~te leaves have a serrated margin and numerous oil 
glands. The white or pinkish flowers (Fig. 243) are produced in the 
axild of the leaves, and are followed by capsular fruits. Constant pruning 
stimulates the vigorous development of new shoots, and these" flushes," 
as they are known, are the source of the commercial product. 

Tea is a crop of tropical and hot temperate regions. The nature of the 
plant and the methods of cultivation vary in different localities. Some 
1000 varidie8 are known. The tea plant is propagated from seed or 
seedlings. The yield may be anywhere from 200 to 1000 lb. per acre, 
and continues for 50 years or more. There are records in Japan of a 
singlp plant living for two centuries. Tea can be grown from sea level to 
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an altitude of 5000 ft. Often steep slopes and soil that is too poor for 
other types of agriculture are used. In China the tea is grown on small 
farms, and is prepared for the market by primitive methods. In Ceylon, 
on the other hand, tea is cultivated on large plantations, and the most 
modern mechanical methods are used in its preparation. 

The tea leaves are picked by hand or "'ith scissors, and an expert can 
pick from 25 to 75 lb. a day. In China, where growth stops during the 

~/ 
~,.:..~,JJ'.Jl#·-;.s~J .. """-_ 

FIG. 243. Glass model of the tea plant, showing the habit of growth, flowers, and flushes. 
(Courtesy of the Botanical J[usellm of Harvard University.) 

winter months, only three or four pickings a year are possible. In the 
hotter areas, such as Ceylon, where growth continues throughout the 
year, as many as 25 or 30 pickings can be made. The first picking is usu­
ally made when the plants are five years old. The grade of tea depends 
on the age of the leaves. In golden t.ips the youngest bud only is used; in 
orange pekoe the smallest leaf; in pekoe the second leaf; in pekoe-souchong 
the third leaf; in sOllchong the fourth leaf; and in congoll the fifth and 
largest leaf to be gathered. The fla"or and quality vary with the soil, 
climate, age of the leaf, time of picking, and method of preparation. 
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Preparation of Tea. The process of preparing tea from the fresh leaves 
in general is as follows: The leaves are first exposed to the sun or heated in 
shallow trays, until they become soft and pliable. - They are then rolled, 
by hand or by machine. This curls-the leaves and removes some of the 
sap. Finally the curled and twisted leaves are completely dried in the 
sun, over fires, or in a current of hot air. In the final product, known as 
green tea, the dried leaves are dull green with an even texture and quality. 
In making black tea, the leaves are fermented after rolling by covering 
them up and keeping them warm. This causes them to lose their green 
color and changes their flavor. After fermentation, the leaves are dried 
in the usual manner. China produces both green and black tea, Japan 
mostly green, and India and Ceylon chiefly black. In Formosa the so­
called oolong tea is produced. This is only partially fermented and is 
intermediate between black and green, with the color of the former and 
the flavor of the latter., The various' pekoes, souchongs, and congous 
are black teas, while gunpowder and hyson are the most important grades 
of green tea. - , '. - . 

Scented teas are prepared by drying ilie-leaves \vith fragrant flowers, 
such as jasmine, and then sift,ing out the~ ~lried flowers. Brick tea is 
made by steaming the coarser leaves, --twigs, and_ even dust for a few 
minutes and then pressing them into molds, sometimes with the addition 
of a little rice paste. Brick tea is exported from China to the U.S.S.R. 
and Tibet. -Where tea is grown on large plantations and prepared in 
factories, it can be packed at once.for,export. In China and Japan where 
enormous quantities are prepared by hand labor on small farms, the tea 
has to be thoroughly redried by the exporters before shipment. Tea is 
usually shipped in light boxes lined with lead or zinc to protect the tea 
from air and moisture, or in small packages 'lined' with metal foil. The 
tea that finally reaches the consumer is usually a blend of several 
different varieties. Blending is a very delicate operation and can be done 
only by an expert. 

Tea contains from 2 to 5 per cent theine, an alkaloid identical "ith 
caffeine, together with a volatile oil and considerable taimin (13 to 18 per 
cent). When an infusion is made with hot water, the alkaloid and the oil 
readily dissolve out and the resulting beverage ,has a stimulating effect 
and a characteri~tic taste and aroma. If the leaves are steeped for a 
longer period, the tannin dissolves and the liquid becomes bitter and 
loses its beneficial qualities. 

Production and Consumption of Tea. For hundreds of years all the 
tea came from China. Java began to export in 1826, India in 1830, 
Formosa in 1860, and Ceylon in 1890. Today China produces nearly 
one-half (48.9 per cent) of the world's tea, while India and Ceylon supply 
about 22 per cent and 13 per cent, respectively. The world production is 
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about two billion pounds. Inelia and Ceylon, hmvever, arc together 
responsible for one-half the worlel's tea exports, follO\\-ed by Indonesia, 
China, Japan, and Formosa. Tea growing has been experimented with in 
the 'Vest Indies, and even in the Carolinas and other Southern states. The 
crop, however, does not thrive in this country, and there is not enough 
cheap labor available to make the industry a financial success. Some 
tea is grown in the U.S.S.R., Africa, Guatemala, and Brazil. The last 
country is becoming increasingly important. Great Britain is the great 
consumer of tea, importing five times as much as any other country. The 
United States is second, followed by Australia, U~S.S.R., Canada, and 
Holland. Chinese and Japanese teas are more important in the United 
States, while Great Britain is the chief consumer of the Indian and Ceylon 
teas. Java supplies Europe and Australia. The per capita consumption 
in England is estimated at 9.8 lb., and in the United States only 0.077 lb. 
The imports of tea hltO the United States have sometimes amounted to 
nearly 100,000,000 lb., t,'w-thirds of which is black tea. 

Cocoa and Chocolate 

Cocoa and chocolate are prepared from the seeds of the cacao or cocoa 
tree (Theobroma Cacao), a native of the lowlands of tropical America. 
The cultivation and usc of cocoa are so ancient that it is improbable that 
any wild trees exist today. Cocoa is grown throughout tropical South 
and Central America, in the West Indies, and in many other parts of the 
,yodd. The use of cocoa and chocolate by other than the native peoples 
is of recent origin as compared with the use of tea and coffee. The 
beverage was unknown to Europeans until the voyage of Cortez in 1519, 
and was not introduced into Europe until 1526. Chocolate was the 
chief drink of the Aztecs and other native American peoples. It is the 
most nutritious of all beverages. Since its introduction to the Northern 
races, cocoa has steadily increased in popularity; today the original 
regions of cultivation are insufficient to supply the demand, and new 
areas have been developed in other countries. 

Cultivation of Cocoa. Cocoa is distinctly a tropical crop and is grown 
within 20° of the equator. It also requires special environmental condi­
tions. It is sensitive to drought and ,vind, and so needs shelter from the 
direct rays of the sun and protection from strong winds. Catch crops 
and permanent shade trees arc usually grown with cocoa. A deep rich 
alluvial soil with abundant moisture and suitable drainage is also neces­
sary. Cocoa cannot be grown satisfactorily at altitudes above 2500 ft., 
and it is injured by temperatures below GO°F. The crop is raised from 
seed or transplanted seedlings with the individual plants in rows at 4- or 
5-ft. intervals. 
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The cocoa tree is rather small, from 15 to 25 ft. in height, with numer­
ous branches. The shiny leaves are ovate in outline and often 1 ft. in 
length. The flowers and fruits are borne on short stalks directly on the 
trunk and larger branches (Fig. 244). The trees begin to bear when four 
or five years of age, and reach full-bearing during the ages of 12 to 50 
years. The plants produce flmyers and fruit throughout the year so that 
several crops annually are possible. The fruits are podlike capsules 6 to 

FIG. 244. A cacao tree (Thcobroma Cacao) in fruit. Note the pods attached directly to 
the trunk and larger branches. 

9 in. lung and 3 or 4 in. thick, with tapering ends. They contain a 
mucilaginous pulp and from 40 to 60 or more seeds (Fig. 245). The fruits 
ripen in about four months, the color changing from green to a reddish 
purple or yellow. Dried specimens are often chestnut brown in color. 

Kinds of Coc0a. Numerous varieties of cocoa are cultivated. The 
most important of these are the Criollo and Forastero. In the Criollo 
type the fruit is soft and thin skinned, with a rough surface and pointed 
ends. 'l'he secds are plump, pale in color, and whitish within; they are 
the finest beans for flavoring purposes. The Forastero varieties are of 
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hybrid ongm. They are hardier and more resistant and have hard, 
thick-shelled pods wit]l seeds of a pale to deep-purple color. lvlost of the 
commercial crop comes from this type. 

Preparation of Cocoa and Chocolate. In preparing the seeds or cocoa 
beans for market, mature pods are carefully cut off with special knives 
and are then split open: The pulp and seeds are scooped out, cured, and 
usually fermented. Occasionally they are merely dried in the sun, but 
they are more desirable if fermentation takes place. This process may 
be carried on by piling the seeds in heaps for several days and then spread­
ing them out to dry. Usually specially constructed vats or houses are 
used, which afford protection from rain and allow the liquids from the 
disintegrating pulp to run off. The beans in these "sweating boxes" are 
constantly stirred. During the fermentation process, which lasts about 

FIG. 245. Section of a cocoa pod showing the seeds or "beans" imbedded in the mucilagin­
ous pulp. 

a week, the beans become brownish red in color, lose their bitter taste, 
and develop an aroma. They are then washed and dried, and polished by 
machines or the feet of the natives to remove any of the dry pulp. 

Commercial cocoa and chocolate are prepared from the bean~ in 
European and American factories. The beans are first cleaned to remove 
any impurities and are then sorted. They are next roasted at a tempera­
ture from 2570 to 284 of. in iron drums. This develops the flavor, 
increases the fat and protein content, and decreases the amount of tannin. 
The shells become dry and brittle and the seeds easier to grind. The 
beans are now passed between corrugated rollers which break the shells 
into small fragments. These are removed in. a winnowing machine. 
The seeds or "nibs" are finally ground to an oily paste, constituting the 
"liquor" or bitter chocolate, which is the starting point for further 
operations. 

When cooled and hardened, this material is the bitter chocolate of 
commerce. Sweet chocolate is made by adding sugar and various spices 
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or other aromatic materials. Idilk chocolate contains milk as well as 
sugar and spices. Cocoa is prepared by removing about two-thirds of 
the fatty oil in hydraulic presses and powdering the residue. 

The fatty oil present is cocoa butter, the uses of which have already 
been discussed. The cocoa shells are used for beverage purposes, for 
adulterating cocoa and chocolate, for fertilizer, and for cattle feed. 

Production and Consumption of Cocoa. British West Africa now leads 
in the production of cocoa with about 64 per cent 'of the total output. 
The Gold Coast, Nigeria, and St. Thomas are the leading countries. 
The 'Western Hemisphere produces about 32 per cent, chiefly in Brazil." 
Ecuador, Venezuela, Trinidad, and the Dominican Republic also grow 
large amounts. Asia and the South Seas produce only a little over 1 per 
cent. 

The United States is the chief consumer of cocoa, with a per capita con­
sumption of over 3 lb. In 1944 imports amounted to 742,312,000 lb. of 
cocoa beans. Germany, Holland, and Great Britain arc other large users 
of cocoa. 

Cocoa is in a class by itself as a beverage, since it is also a food. The 
seeds contain less than 1 per cent of an alkaioid, theobromine, 'which, with 
a few traces of caffeine, is responsible for the stimulating properties. They 
also contain 30 to 50 per cent of a fatty oil, 15 per cent "starch, and 15 per 
cent protein. A volatile oil develops during the roasting process. 

Mat€ 

Mate, yerba mate, or Paraguay tea, as it is variously known, is next to 
coffee, tea, and cocoa in importance. It is obtained from the leaves of 
various species of holly, chiefly Ilex paragHariensis. These plants grow 
wild in the mountains of southern Brazil, Paraguay, and Argentina, and 
they are also cultivated to a considerable extent. The use .of mate in 
South America goes back to antiquity. Originating with the natives, it 
was adopted by the first· white colonists and today is the universal 
beverage. The plant is an evergreen shrub or small tree (Fig. 246). The 
oval leaves are from 4 to 5 in. in length, with serrated margins, and 
resemble tea leaves. :Mate can readily be grown from seed and the first 
crop is ready within a year, although the best yield is obtained from older 
plants. 

Small leafy branches are carefully cut and toasted over fires. They are 
then beaten with sticks to break off the leaves, which are dried in ovenlike 
structures. Fin:..lly they are threshed and sifted. The leaves contain up 
to 0.5 per cent of theine, a volatile oil, and some tannin. Mate is greenish 
in color, has an agreeable aroma and slightly bitter taste, though it is 
much less astringent than tea. It has valuable restorative and stimu­
lating properties. The beverage is usually prepared in a gourd or cup by 
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pouring boiling water on the Ic~tYes, often ,Yith sugar and lemon. It is 
then sucked through a oombilla, a hollO\y tube of silver, brass, or straw 
with a perforated bO\d, which acts as a strainer. j\Iate is the uniyersal 
drink of millions of South Americans but has not been too popular in the 
United States. A process of double toasting produces a brownish bever­
age with a more tangy flavor, especially for the North American trade. 

l\hte is also used somewhat in the preparation of soft drinks. In 1935, 
422,149 lb. were imported, but more recently the amount has fallen ofT. 

Guarana 

Guarana is one of the most stimulating of all the caffeine beverages, as 
it has three times as much caffeine as coffee. It is prepared from the seeds 
of Paullinia Cupana, a large woody climber of the Amazon valley. The 
natives grind up the seeds with water and cassava flour and mold the 
resulting paste into brown sausage-shaped cylinders or other forms. 
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Under such conditions it is a small bush. -Guarana is used medicinally in 
the treatment of neuralgia and certain cardiac and intestinal disorders. 

Khilt 

The dark-green leaves of Catha'cdulis are used in Arabia to yield khat, 
the principal beverage of the natives. This shrub (Fig, 248), which 
re~embles tea, was grown in terraced gardens in Arabia long before coffee 
was introduced, and may even antedate tea. It grows wild in Abyssinia, 
and is cultivated in other parts of Northeastern Africa. The leaves and 
buds contain an alkaloid similar to caffeine, and are used dried or are 
chewed in the fresh condition for the stimulating effect. Khat js an 
excellent beverage plant and is worthy of exploitation. 

Cola 

Cola nuts (Fig. 139), the seeds of Cola nitida, already discussed under 
masticatories, are also used in Africa and elsewhere for beverage purposes. 
The drink is prepared by powdering the seeds when needed and boiling 
some of the powder in water for a few minutes. Cola contains 2 per cfmt 
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caffeine, as well as other ingredients, and so is very invigorating. The 
seeds are imported into the United States for use in various soft drinks. 

Cassine 

Cassine is a tealike beverage obtained from a species of holly, Ilex 
vom£toria. The plant is a tall compact shrub or small tree with smalls 
oval, evergreen leaves and tough branches. It occurs on the sandy soil, 

of the coastal plain from Virginia to :Mexico and is often found in dense 
thickets. The Indian inhabitants of this region were the first to use 
cassine for beverage purposes. They prepared an infusion of fresh 
or dried leaves which was known as yaupon or black drink. This 
was used medicinally as a spring tonic and emetic, and also played 
an important part in religious rites. It was sometimes fermented. 
Although the use of cassine was first reported from Florida as early as 
1562, and was practiced to some extent by the early settlers, it never 
became very popular. Recently attention has been directed to the 
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beverage as a basis for soft drinks. The leaves and shoots are picked 
and dried in the sun on trays or are roasted in ovens. Twigs and older 
leaves are sometimes steamed, dried, and ground. Cas sine is prepared 
by boiling or making an infusion. The beverage is dark colored with a 
very sharp, bitter taste and tealike odor. It contains caffeine, tannin, 
and essential oils. 

Yo co 

The yoco (Pallllinia Yoco) is an important beverage plant among the 
Indians of southern Colombia and adjacent Peru and Ecuador. Unlike 

other caffein-containing species, it is the bark (Fig. 249) that is utilized. 
The caffeine content is usually 3 to 4 per cent but may be as high as 6'per 
cent. Extractions of the bark are made in cold water. The stimulating 
and hunger-allaying properties of yoco are very pronounced. So depend­
ent are the Indians on this plant that it controls their whole economy. A 
scarcity of wild plants often leads to the abandonment of otherwise excel­
lent village sites, 

OTHER NONALCOHOLIC BEVERAGES 

Ordinary beverages that do not contain alcohol are commonly referred 
to as su/t drinks. These include a great variety of preparations, only a 
few of whir.h can hr. discussed. They nearly all have a high sugar content 
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and so are good sources of energy. The United States is the outstanding 
consumer of soft drinks, using an estimated 50,000,000 bottles a- da)r. 

Fruit juices are the simplest kind of soft cirinks, consisting of the 
extracted juice alone, or "with sugar and water added. Although fresh 
juice is readily obtainable, synthetic flayors have been all too common in 
commercial products. The most familiar types of fruit drinks are lemon­
ade, orangeade, etc. Orange juice, grapefruit juice, tomato juice, and 
pineapple juice are popular. Shrubs and sherbets made from straw­
berries, raspberries, etc., "'ere more in vogue at an earlier time. Grape 
juice is made by expressing the fresh fruit and heating the liquid to 
extract the color and to pasteurize it and thus prevent fermentation. 
Sweet cider, the expressed juice of apples, and perry, obtained from pears, 
are well known. These juices contain wild yeasts and will ferment after 
24 hours or so unless they are pasteurized, or otherwise treated so as to 
kill the yeast organisms. lHany tropical fruits are used for beverage 
purposes. 

Soda water to the average person in this country means the familiar 
be"erage di~pensed at soda fountains. This is one of the most typical 
soft drinks in the 17 nited States, but its use is almost entirely restricted to 
this COl~ntry. Today, in spite of its name, the beverage contains no soda, 
but consists of water charged with carbon dioxide and mixed with a syrup 
composed of sugar and various natural or artificial flavoring substances. 
Bottled soda, commonly knmyn as pop, is also important. 

An enormous number of bottled soft drinks are available in this 
country, chief among which are malt beverages, ginger ale, sarsaparilla, 
root beer, and the cola beverages. The malt beverages are made from 
malted barley, or other grains, before fermentation has started or prog­
ressed very far.. They include the" near beers," which have. an alcoholic 
content of less than 0.5 per cent. Ginger ale consists of acidulated sugar, 
water, and carbon dioxide, flavored with ginger and capsicum. Sarsa­
parilla and root beer are similar, but the flavor is due to sarsapa_rilla, 
wintergreen, .and other aromatics. The cola beverages, in ilddition to 
other materials,- contain cola, obtained from cola nuts, which has a high 
caffein content. 

ALCOHOLIC BEVERAGES 

The use, and the abuse, of alcoholic beverages have paralleled the 
entire history of mankind. From earliest time it has been all too easy for 
man to observe the natural process of fermentation, and to use its 
products for his O\yn pleasure. In all ages and at all times man has 
resorted to alcohol, often in connection with religious or other ceremonies. 
Today the consumption of alcoholic be,'erages of some sort is worlel wiele, 
existing in both primitive and civilized countries. Alcohol is a poison, 
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and, when taken to excess, produces very deleterious effects on the human 
system. The various inebriating beverages bring about ce~'ebral excita­
tion, followed by depression, and may lead to the complete, though 
temporary, suppression of the functions. The evils of excessive drinking 
and chronic alcoholism are perfectly obvious to everyone.. As regards the 
moderate use of alcohol, it is not within the province of this book to 
discuss the relative merits of the question. Strong arguments are pro­
duced by believers in prohibition or total abstinence, and on the other 
hand by those who favor moderate indulgence. It is clear, however, that 
in any work which purports to treat of useful plants and plant products 
there should be some discussion of the alcoholic beverages that play so 
important a part in man's life. 

Alcoholic beverages fall naturally into two classes: the· fermented 
beverages, in which the alcohol is formed by the . fermentation of sugar 
present either naturally in the source or produced by the transformation 
of starch; and the distilled beverages, which are obtained by the distilla-:­
tion of some alcoholic liquor. 

FERMENTED BEVERAGES 

Wine 

Wine is the most important and also the oldest of the fermented bever­
ages. It was known in remotest time, at least as early as 4000 B.C., and 
its antiquity is evidenced by the fact that the word for wine is the same 
in many languages. Wine is produced by the conversion of sugar, which 
occurs in fruits 01' other parts of plants, into alcohol and carbon dioxide. 
This process of alcoholjc fermentation is brought about through the 
agency of wild yeasts which are present on the skins of the fruit. Unless 
some specific fruit, such as blackberries, is mentioned as the source, wine 
is always understood to mean the fermented juice of the grape., 

The cultivation of grapes for wine making has been carried on for 
centuries in many parts of the ,,;;orId. Today the industry is most 
prominent in Southern and Central Europe, although the United States; 
Australia, and South Ameri9a have extensive vineyards. The ,vine grape 
(Yitis vinifera) and its varieties are the principal source. Successful grape 
growing is not a haphazard business, and a knowledge of the best environ­
mental conditions and many other factors are essential. Wine making is 
also an art that requires great skill and experience. In general, wines 
can be classifieu as beverage wines or fine wines. The former, often 
called vin ordinaire, comprise about 95 per cent of all wines and are used 
virtually as a food, chiefly in the regions where they are made. They are 
inexpensive and constitute the backbone of the wine industry. Fine 
wines gre the more familiar commercial types that enter world trade. 
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They are very carefully prepared and are more ~ostly. The finest grades 
are produced in the older vine-growing countries, which have years of 
experience behind them. 

\Vines vary considerably in their characteristics. The alcoholic con­
tent varies from 7 to 16 per cent. It is impossible to produce a wine 
naturally "'ith a higher content, for the yeast plant is killed under such 

. c-onditions and further fermentation is prevented. The sugar content of 
the grapes is from 12 to 18 per cent. Fermentation of the fruits or the 
juice is carried on in vats, usually with the aid of selected yeasts. The 
optimum temperature is G8°F. The agreeable aroma and flavor are due 
to various aromatic principles present in the fruit. The characteristic 
bouquet develops only after the wine has been aged for periods \"arying 
from four or five years to several decades. Clarification is som~times 
necessary. 

Red wines are made from grapes with colored skins and derive their 
own color from the pigments and other substances present in the skins. 
'White wines are made from white grapes, or expressed juice. In the 
so-called dry wines or sour wines, the sugar is almost completely fer­
mented. In sweet wines, on the other hand, fermentation is stopped 
before all the sugar is converted, and at least 1 per cent is still present. 
In sparkling wines, the wine is bottled before fermentation is complete so 
that carbon dioxide is produced within the bottle. Kinety per ~ent of 
the European wines are such natural or table wines. Fortified wines, on 
the other hand, are always still wines and have a higher alcoholic content, 
due to the addition of \yine, brandy, or alcohol. Two-thirds of the wines 
produced in the united States are of this type, the dessert or appetizer 
wines. 

PRI~CIPAL 'VINES ."-KD WINE-GROWING COUNTRIES 

France. France is the chief ,,"inc-consuming and ,yine-producing 
country of the \yorId, with over 4,000,000 acres devoted to vineyards. 
The industry, however, is more or less localized. The region around 
Bordeaux in the valleys of the Garonne and Gironde produces most of 
the wine. This district is the most outstanding single wine-growing 
area in the world and is famous not only for the quantity but for the 
quality of its output. Here are the most famous vineyards and here are 
produced the finest wines in great variety. Among these are the :Medocs, 
renowned red wines or clarets ; Graves, dry wines \yith both red and "'hite 
varieties; and the white sauternes and Barsacs, which are sweeter and 
richer. The Bordeaux wines include regional \yines, which consist of 
blends from several vineyards, as well as the finest grades that are bottled 
by individual chateaux and bear their names. 

Burgundy wines are produced in the hilly country of the COte d'Or in 
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east central France. These red and white wines are drier and have more 
body and flavor than the Bordeaux wines. Both still and sparkling 
wines are made. 

Champagnes are produced in the vicinity of Reims and Epernay. 
Only wines made in this Champagne region have a right to the name. 
Black and red grapes are used and the manufacture involves a series of 
elaborate processes which extend over a period of six or seven years. 
Because of the popularity of these sparkling wines there are many imita­
tions, made by charging light wines with carbon dioxide. 

Other noteworthy French wines are produced in the valleys of the 
Loire and Rhone and in Alsace and Touraine. 

Germany. The Rhine valley has long been famous for its vineyards 
and every foot of available ground on the hillsides is devoted to grapes. 
The dry Rhine wines, sometimes called hock, are light colore.d with a rich 
flavor and fine bouquet. Other similar wines are produced in the valleys 
of the :Moselle, N eckar, and :Main. There are some sweet Rhine wines. 

Italy. Chianti, Asti, and other Italian "wines have long been known, 
even prior to the days of Horace who sang the praises of Falernian wine. 
Although today Italy ranks second to France in wine production, only a 
few of its products are world famous. The chief. wine-producing regions 
are Piedmont, Tuscany, and the country from Naples southward. Sicily 
is noted for its Marsala, a sherry-like fortified \yine. 

Hungary. Hungary is the home of Tokay, a golden-yellow ,vine with 
a sweet rich flavor and rare bouquet. It is more of a liqueur than a wine 
as it has a soft oily taste. Tokay is expensive and the supply is limited. 
There are many cheap imitations and adulterations. 

Spain. Spain is noted for the production of sherry, a dry wine, usually 
fortified with brandy, and having an alcoholic content of 15 to 24 per cent. 
Commercial sherries are all blended and several different grades are on 
the market. Malaga, another Spanish wine, is rich and sweet. 

Portugal. The chief wine of Portugal is port, which is heavy and 
sweet, owing to the presence of considerable unfermented sugar. New 
port is deep purplish red in color .. Wine that has been aged in casks 
loses some of its color and takes on a tawny hue. Port is often blended 
and fortified and is frequently adulterated. 

Madeira. Madeira is a fortified white wine made from grapes grown 
on the island of Madeira. Its quality is improved by heat and shaking, 
and so it is stirred in glass-lined tanks and then heated. Formerly the 
wine was shipped on long sea voyages, which produced the desired result. 

United States. Grapes grown in the United States yield wines of a 
distinctive nature and general all-round excellence. These domestic 
wines do not need foreign names, for they are just as good as most 
European wines. The principal wine-producing states are California, 
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which is responsible for gO per cent of the commercial output of the United 
States, New York, Ohio, and Virginia. ",Vines made from grapes grown 
in the East and l'diddle \Vest are known as natiye or "American" wines; 
"California" wines, on the ot.her hand, are made from European grapes 
grown on the 'Vest Coast and resemble European wines more closely. 

Beer 

'Yhereas normal processes of fermentation are sufficient to transform 
sugar into alcohol, in making beer and other beverages that utilize starch, 
special methods are required for first changing the starch into sugar. 
These im'olye the use of salh'a, malt, or various molds. 

The art of brewing alcoholic beyerages from cereals is very old. Millet 
was perhaps the first to be so used, and it is still fermented in India and 
parts of Africa. Rice, maize, and rye have been used to some extent, 
but barley has always been the chief source. Barley "wine" was known 
to the ancient Egyptians and Romans. Beer was popular during the 
:Middle Ages. For a long time the monasteries were the chief source of 
supply. As early as the thirteenth century beer was a favorite beverage 
in England. It was home brewed for the most part and was a dark 
muddy liquid \yith a high alcoholic content. Early in the nineteenth 
century the lighter German beers began to replace it in popularity. The 
commercial manufacture of beer involves two distinct processes, malting 
and brewing. 

Malting. Malting has as its object the conversion of the starch present 
in the grains into sugar. This is brought about through the agency of an 
enzyme, diastase, which is produced during the process of germination. 
Barley is used almost universally for malting. Occasionally some maize 
is added. Only large, fresh, perfect, light-colored grains are used, which 
are free from chaff and other impurities. The barley is first steeped in 
water for from one to four days. During this time the grains absorb 
their own weight of the water. The grains are then placed in heaps or 
layers 6 in. deep until germination starts. Next they are spread out on 
the malting floor in a temperature of 50 to 60°F., and are constantly 
turned oyer. ",Yhen the requisite amount of germination has occurred, 
the shoots are about one-third the length of the grain. The germinated 
barley is then kiln dried for 12 hours. This preyents any further germina­
tion and consequent loss of sugar. The color of the dried product, which 
is known as malt, is dependent on the degree of heat. 

Brewing. The malt is crushed or coarsely ground in a roller mill and 
is mixed with \vater heated to 170°F. In some cases unmalted cereals 
are added. The sugar dissolves out and the infusion or wort is drawn off. 
This process of mashing is repeated several times. The residue is fed to 
cattle. The wort is then boiled \yit.h hops for 2 hours. The hops impart 
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the bitter flavor and tonic properties and improve the keeping qualities 
by preventing bacterial action. The liquid is then cooled rapidly and 
yeast is added to bring about the fermentation 6f the sugar. Care must 
be taken to keep an optimum temperature for enzyme action and to 
prevent the process from continuing too long, in which case acetic acid 
might be formed. It is usually stopped before fermentation is complete 
and the yeast is removed. The beer is then drained off and strained and 
allowed to cool in casks. A slow fermentation continues, increasing the 
alcoholic content and forming the carbon dioxide that is responsible for 
the foaming of the beer. Beer contains from 3 to 8 per cent of alcohol. 
Its nutritive properties are due to the presence of sugar, dextrin, and 
various proteins and phosphates. 

Kinds of Beer. Differences in temperature during the brewing process 
are responsible for the heavy and the light beers. La-ger beer is a term 
which should be restricted to beer that has been aged for some time. 
Bock beer is a very strong dark beer, usually made in the spring from the 
first of the new malt and hops. The German weiz bier does not contain 
hops. 

Ale originally meant any kind of malt beverage, and this usage con­
tinued until hops began to be used. Today the difference between beer 
and ale is due to differences in the temperature during fermentation. 
Ale is brewed by "top fermentation" at higher temperatures, around 
58°F., while beer is brewed by "bottom fermentation" with temperatures 
averaging 40°F. The alcoholic content of ale is 4 to 7 per cent, while 
that of beer is 3 to 5 per cent. 

Porter, first brewed in 1722, is a dark-brown beer with a slightly burned 
taste. It is made from inferior grades of malt. The COlOl' is sometimes 
heightened by the addition of caramel or licorice. Porter is stored for six 
to eight weeks before it is used. Stout is a similar beverage, but much 
heavier. It is stored for at least a year before it is used. 

Beer is usually made from pale or amber-colored malt, ale from brown, . 
and porter and stout from black malt. 

Other Fermented Beverages 

Only a few of the countless other fermented beverages can be discussed. 
:Most of them are used locally and are of minor importance. 

Hard Cider. The fresh juice of apples begins to ferment within 24 
hours and gradually increases in alcoholic content until the stage known 
as hard cider is reD-ched. "Thile the domestic production of hard cider 
may be used for beverage purposes, a considerable proportion is allowed 
to undc:-go acetic acid fermentation and become vinegar. Cider and 
other fruit vinegars are also made on a commercial scale. Pear juice, or 
perry, is likewil:ie often fermented. 
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Root Beer. Root beer consists of an infusion of various roots, barks, 
and herbs, among them sarsaparilla, ginger, and \yintergreen, \yith the 
addition of sugar and yeast. Fermentation sets in and the beverage 
becomes charged with carbon dioxide. Root beer may also consist of an 
alcoholic extract of yarious aromatics and bitters. Nonalcoholic root 
beer is also made. SZJrlICe beer, a diffusion of the lea yes and twigs of the 
spruce, and birch beer, obtained from the bark of the black birch, are 
similar in nature. 

Mead. nIead is a fermented beverage of great antiquity and it is still 
used in Africa and to some extent else\yhere. It is fermented from honey 

FIG. 250. 11aguey or pulque plants (Agave sp.) under eultivation in Mexico. 

mid water and hOas a winelike flavor. Mead was introduced into England 
by the Scandinavians, and the beverage played an important part in the 
nuptial ceremonies of the latter people \yhich lasted for 30 days. Because 
of this fact, the duration of these ceremonies was commonly known as the 
honeymoon. 

Sake. This important beverage of Japan and China is prepared by 
fermenting rice. No hops are used. Sake contains more alcohol than 
beer or wine. It has been used for 2600 years, with records as far back 
as 90 B.C. 

Palm Wine. The fermented juice obtained from the inflorescences of 
many varieties of palms is another beverage of great antiquity. The 
sugary exudation has b~en referred to previously as a source of sugar. 
Palm wine or toddy \vas known to Herodotus as early as 420 B.C. It has 
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been prepared by the natives of tropical regions of both hemispheres. 
The most important species utilized are Raphia vinifera, Elaeis guineensis, 
Borassus flabellifer, Arenga pinnata, Phoenix dactylifera, and Cocos nuci­
fera. \Vhen palm wine is distilled, it yields arrack. 

Pulque. The fermented juice of the maguey (Agave atrovirens) and 
other agaves (Fig. 250) was early used in Mexico as a beverage. The 
juice is obtained by making incisions in the flower stalk or by removing 
the central cone of leaves and allowing the sap to collect in the cavity. 
It is often distilled and constitutes mescal. 

Chicha. This very common beverage of Peru, Bolivia, and other 
Andean countries has been known since the days of the Incas. Chicha is 
prepared from maize by a process of salivation which converts the starch 
into sugar, followed by a period of fermentation. Similar maize bever­
ages are made in Mexico and Centl-al America. 

Other plants whose juices are fermented for use as·.a· beverage include 
the banana, sugar cane, yucca, sorghum, cassava, aJgaroba, f?we~t potato, 
pineapple, and cactus. - '. ": 

DISTILLED BEVERAGES. 

Whisky 

Whisky is distilled from a fermented mash of malted or unmalted 
cereals' or potatoes. After several distillations~ of the mash' a product 
known as "low wines" results. Furth!:)r distillations yield the "high 
wines." A mixture of high ,,,inesand water ~onstitutes straight whisky. 

- At first this is harsh and unpalatable, oWIng to the' pl;esence oUrom 20 to 
40 volatile principles, such as fusel oil and various ethers and aldehydes. 
It must be aged to allow these principles to disappear:' The finest bonded 
whiskies are aged in char~'ed oak containers' for at least four years and 
often much longer. 'Whisky is colorless at first, the color developing 
during the aging process. Whisky that contains 50 per cent alcohol by 
volume is known as 100 proof. Similarly that which contains 45 per cent 
alcohol is 90 proof. A continued distillation of the high wines finally 
results in the neutralization or elimination of all the volatile substances 
and yields the so-called neutral spirits. These are used in blended 
whiskies, in making cordials, and for other purposes. They are made 
chiefly from maize in the United States and from potatoes in Germany. 

American straight whiskies are made from maize or rye, the former 
constituting th.~ famous "corn" or moonshine of the South. About 
two-thirds of the commercial whisky is Bourbon, made primarily from 
maize. :Most of the remainder is made from rye. Bourbon was origi­
nally made only in Bourbon County, Kentucky. Canadian Club is a 
blend of variolls straight whiskies ,Yith neutral spirits. 
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In the preparation of Scotch whisky only barley malt is used. The 
characteristic flavor is due to the smoke of the peat fires that are used in 
drying the malt. Irish whisky is made from malt, or a mixture of malt 
and unmalted grains of barley, oats, and maize. Vodka, the Russian 
equi\'alent of whisky, made from fermented wheat mash, is not aged but 
is bottled immediately after distillation. 

Brandy 

In a strict sense brandy is distilled only from wine, although the term is 
also applied to a distillation of the fermented juice of various fruits. The 
finest brandy is made in France in the Charente district. This product 
alone has the right to be called cognac. Other French brandies are 
known as armagnac or can de vie. The best grades are made from white 
wines. Brandy is a clear colorless liquid and stays so when kept in glass. 
The brO\\"ll color develops when it· is stored in casks. Brandy is often 
artificially colored with caramel. The alcoholic content is high, amount­
ing to 65 or 70 per cent. 

Among the fruit brandies may be mentioned apricot, peach, 
plum, and blackberry brandy. These are often used as cordials. 
brandy is knm\"ll commonly as applejack. 

Rum 

cherry, 
Apple 

Rum is distilled from various unrefined products of the sugar cane, 
chiefly the juice and molasses. It. is one of the oldest and most widely 
known of the distilled beverages and is of New W orId origin. The flavor 
and aroma, which are due to various aromatic substances, improve with 
aging. The color is often due to caramel. Rum played an important 
part in the economic and social life of the American colonies from 1687, 
particularly in New England, where many distilleries were located. 
Considerable rum is distilled today in the \Vest Indies, chiefly in Cuba, 
Jamaica, St. Croix, and Demerara. Rum contains about 40 pet cent 
alcohol. 

Gin 

Gin is distilled from a fermented mash of malt or ra,Y grain. The best 
grades are 'obtained from barley malt and rye. Several distillations are 
necessary. Gin was invented in Holland and that country still produces 
the best grade, although England is a close second. The method of pro­
duction of Holland gin and London gin differs slightly. The flavor of gin 
and any medicinal yalue that it may possess are due to oil of juniper. 
Other aromatic essential oils may be used for flavoring, as in the case of 
sloe gin and orange gin. Gin has many substitutes and imitations, made 
chiefly by adding essential oils to grain alcohol. 
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LIQUEURS AND CORDIALS 

The various liqueurs and cordials consist of sugar and alcohol flavored 
\"ith various essential oils. They may be prepared by the addition of the 
fiavoring material to neutral spirits or brandy or by the distillation of 
fermented fruits. The majority contain no harmful substances other 
than alcohol. Others, as in the case of absinthe, already discussed, do 
have deleterious principles and their use is forbidden in most countries. 

Liqueurs often consist of various oils and cordials carefully blended 
according to secret formulas. French monasteries have long been famous 
for the manufacture of liqueurs. Bened1'ctine has been made since A.D. 665 
and has been a commercial product since 1792. Chartreuse is also made 
by monks. Maraschino is distilled from bruised marasca cherries grown 
in Dalmatia, sweetened and flavored with cordials. Curat;ao is distilled 
from the dried rind of bitter oranges steeped in alcohol and water, with 
the later addition of sugar and rum. Kirschwasser, or' black~cherry 
brandy, is distilled' from the fruits, and sugar and alcohol are added. 

Essential oils used in the preparation of liqueurs include anise and 
coriander (anisette), caraway (kummel), peppermint (creme de menthe), 
bitter almonds (creme de noyau), and clove. 

APERITIFS AND BITTERS 

Many alcoholic preparations are used for their appetizing and tonic 
effects. Vcnnouth, the best known of the aperitifs, is a light bitter wine 

._3lightly fortified and sweetened and flavored with an infusion 'of several 
.-- bitter and aromatic herbs. It is made chiefly in France and Italy. 

French Vermouth is dry, while Italian Vermouth is either sweet or dry. 
Bitters are prepared by steeping various herbs with bitter principles in 

water or alcohol. After the principles have dissolved out, the infusion is 
strained and alcohol is added to prevent decomposition. Angostura 
bitters, which contains quinine and several aromatics, and orange bitters 
are typical of this group. 
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THALLOPHYTA 

ALGAE 

Alaria esculenta (L.) Grey.. J\Iurlins 
Chondrus crispus (L.) Stackh. Irish moss 
Eueheuma spinosum (L.) J. Agardh 
Gelideum cartilagineum (L.) Gaill. 
Gelideum corncum Lam. 
Gracilaria cOllfervoides (L.) Grev. 
Gracilaria lichenoides (L.) Harv. 
Laminaria digitata Lamour. Kelp 
Laminaria saccharina (L.) Lamour. Kelp 
NIacrocystis pyrifera (L.) C. Agardh 
Nercocystis Luetkeana (:'lert.) Post & Rupr. 
Porphyra laciniata (Lightf.) Ag. Pink laver 
Rhodymenia palmata (L.) Grev. Dulse 
Ulva iactuca (L.) LeJol. Sea lettuce. Green laver 

FUNGI 

Amanita muscaria (L.) Pers. ex Fr. Fly agaric 
Bacillus brevis lI.Iigula 
Bacillus polymixa (Prazmowski) il1jgula 

..."...--.3acillus subtilis Cohn emend. Prazmowsky 
Claviceps purpurea (Fr.) Tul. Ergot 
Agaricus campestris L. Meadow mushroom 
Cortinellus edodes (Berk.) S. Ito & Imai (C. Berkeleyan1l8 S. Ito & Imai.) Shiitake 
1\lorchella esculenta L. :Horel ' 
Penicillium chrysogenum Thorn 
Penicillium notatum 'Vestling 
Streptomyces aureofaciens Duggar 
Streptomyces Fradiae "Taksman & Curtis 
Streptomyces griseus (Krainsky) "Taksman & Henriei 
Streptomyces rimosus A. C. Finlay e! al. 
Streptomyces vcnezuelae Ehrlich, Gottlieb, Burkholder, Anderson & Pridham 
Torulopsis utilis (Henneberg) Lodder. Torula yeast 
Tuber aestivum Yitt. TrufRe 
Tuber bru.mr.le Gronof. TrufRc 
Tuber melanosporum Vitt. Truffle 

LICHENS 

Evernia furfuraeea (L.) Ach. Oak moss 
Evernia l)flmastri (L.) Ach. Oak moss 
Ramelina calicaris Ron!. 
Roccella tinctoria D. C. Archil. Cudbear 

495 



-196 ECONOMIC BOT.r1NY 

PTERIDOPHYTA 

Dryopteris Filix-l\Ias (L.) Schott. :\Iale fern 
Dryopteris Illarginalis (L.) A. Gray. :\Iarginal shield fern 
Lycopodium clavatum L. Cluh moss 

SPERMATOPHYTA 

Cycas eircinalis L. 
Znmia florid an a A.D.C. 

GY~I:\'OSPEU~IAE 

Cycadaeeae 

Taxaceae 

Dacrydiull1 cupressinum Sol. :"lew Zealand red pine 
Phyllocladus trichomanoides D. Don. Celery pine 
Podocarpus dacrydioides A. Rich. Xew Zealand pine 
Podocnrpus Totam D. Don. Totara 
Tnxus baccata L. Yew 

Piliaceae 

Abies alba :\Iill. (A. peetinata D.C.) Silver fir 
. .\bie,: balsamen (L.) :\Iill. Balsam fir 
Ahies eon color Lind!. & Gord. White fir 
.\bies grandis Lind!. Lowland white fir 
Abies lasiocarpa (Hook.) Nutt. Alpine fir 
Ahies magnifica A. :\Iurr. Red fir 
Abies proeera Rehd. (Abies nobilis LincH.) Noble fir 
Agathis alba (Lam.) Foxw. Amboyna pine 
Agathis australis (Lamb.) Stem!. Kauri pine 
Araucaria angustifolia (Bert.) O. Ktze. (..4. brasiliana Rich.) Paran,i pine 
Araue[1ria araueana (:\Io1.) K. Koch. (A. imbricata Pay.) l\Ionkey puzzle 
Arauearia Cunninghamii Sweet. :\Ioreton Bay pine 
Cedrus Deodara (Royle ex Lamh.) Loud. Deodar 
Chamaecyparis L[1wsoniana (A. :\Iurr.) ParI. Port Orford cedar 
Chamaecyparis nootkatensis (Lamb.) Sudw. Alaska cedar 
Chamaec),paris thyoides (L.) BSP. Southern white ceclar 
Juniperus communis L. Juniper 
Juniperus yirginiana L. Red cedar 
Larix decidua :\Iill. European larch 
Larix laricina (Du Roi) Koch. Tamarack. Larch 
Larix occidentalis Nutt. "Western larch 
Libocedrus decurrens Torr. Incense eedar 
Picea Abies (L.) Karst. (P. exeelsa (Lam.) Link.) Norway spruc-e 
Picea Engelmannii Engelm. Engelmann spruce 
Picea glauca (Moench.) Voss. (P. canadensi.~ (:\rill.) BSP.) White spruce 
Picea mariana (:\Iill.) BSP. Black spruce 
Picea rub ens Sarg. (P. rubra (Du Roi) Dietr.) Red spruce 
Picea sitchensis (Bong.) Carr. Sitka spruce. Tideland spruce 
Pinus australis Michx. f. (P. palustris :\Iill.) Longlpaf pine. Southern yellow pine 
Pinus Banksiana Lamb. Jaek pine 
Pinus caribaea l\Iorelet. (P. cubensis Gris.) (P. heterophyila (i~ll.) Sudw.) Slash pine 
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Pinus cembroides Zucc., var. edulis (Engelm.) Voss. 
Pinus cembroides Zucc., var. lllonophylla (Torr. & 

(P. edulis Engelm.) Piiion 
Frem.) Voss. (P. lIlonophylla 

Torr.) Single-leaf pillon 
Pinus contorta Doug!. Lodgepole pine 
Pinus echinata Mil!. Shortleaf pine 
Pinus halepensis Mill. Aleppo pine 
Pinus Lambertiana Doug!. Sugar pine 
Pinus monticola Doug!. 'Vestern white pine 
Pinus nigra Arnold. Black pine 
Pinus Pin aster Sol. (P. maritima Poir.) Cluster pine. :'IIaritime pine 
Pinus Pinea L. Italian stone pine 
Pinus ponderosa Doug. in Lawson. " "'estern yellow pine 
Pinus resinosa Ait. Red pine. Norway pine 
Pinus Sabiniana Doug!. Digger pine 
Pinus Strobus L. White pine 
Pinus succinifera (G6ppert) Conw. Baltic amber 
Pinus sylvestris L. " Scotch pine. Scots pine 
Pinus Taeda L. Loblolly pine 
Pinus"Torreyana Parry ex Carr. Torrey pine 
Pseudotsuga taxifolia "(Poir.) Britt. (P. 1I!ucronata (Raf.) Sudw.)" Douglas fir 
Sequoia gigantea (Lind!.) Decne. Big tree 
"Sequoia sempervirens (Lam.) End. Redwood 
Taxodium distichum (1..) Rich. Bald cypress 
Tetraclinis articulata (Vahl) Mast. (Callitris quadrivulvis Vent.) Sandarac 
Thuja occidentalis 1.. Northern white cedar. Arbor vitae 
Thuja plicata D. Don. Western red cedar 
Tsuga canadensis (1..) Carr. Eastern hemlock 
Tsuga heterophylla (Raf.) Sarg. Western hemlock 
Tsuga 1I1ertensiana (Bon.) Sarg. Mountain hemlock 

Gnetaceae 

Ephedra equisetina Bunge. Ma-huang 
Ephedra sinica Stapf. lila-huang 

ANGIOSPER::I1AE 

MOXOCOTYLEDONAE 

Typha angustifolia L. Cattail 
Typha latifolia 1.. Cattail 

Typhaceae 

Pandanaceae 

Pandanus tectorius Soland. Screw pine 
Pandanus uti lis Bory. Screw pine 

Agrostis alba L. Redtop 
Arundinaria sp. Bamboo 
Avena brevis Roth. Short oat 
Avena byzantina C. Koch. Red oat 
Avena fatua L. Wild oat 
Avena nuda 1.. Naked ont 

Gralliineae 
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Avcna oriclltalis Schreb. Hungarian oat. Turkish oat 
Avena sativa L. Common oat 
Bambusa Tulda Hoxh. Bamboo 
Bambusa sp. Bamboo 
Bromus inermis Leyss. Brome 
Coix Laehryrtla-Jobi L. Job's-tears 
Cymbopogon citratus (D.C.) Stapf. Lemon grass. 
Cymbopogoll l\Iartinii (Rm,b.) Stapf. Ginger grass. Palmarosa 
Cymbopogoll Xardus (L.) Rendle. Citronella 
Daetylis glomerata L. Orchard grass 
Dendrocalamus sp. Bamboo 
Echinochloa colona (L.) Link. Shama millct 
Echinochloa crus-galli (L.) Beauy. Barnyard millet 
Echinochloa frumentacea (Hoxb.) Link. Japancse millet 
Eleusine eoraeana (L.) Gaertn. Ragi. African millet 
Euchlaena mexicana Sehrad. Teosinte 
Gigantochloa sp. Bamboo 
Guadua angustifolia Kunth. Bamboo 
Hierochloe odorata (L.) Beauv. Sweet grass 
Hordeum deficiens Steud. Two-rowed barley 
Hordeum distichon L. Two-rowed barley 
Hordeum intermedium Kornicke. Six-rowed barley 
Hordeum spontaneum C. Koch. \Yild barley 
Hordeum yulgare L. Barley 
Lygeum Spartum Loefi. 
:\Iuhlenbergia macroura (H.B.K.) Hitchc. (Epicampes macroura (H.B.K.) Benth.) 

Broomroot. Zaeaton 
Oryza sativa L. Rice 
Panicum miliaceum L. Pro so millet 
Pennisetum glnucum (L.) R. Br. Pearl millet 
Phleum pratense L. Timothy 
Phyllostachys sp. Bamboo 
Saccharum officinarum L. Sugar cane 
Seeale anatolicum Boiss. \Yild rye 
Secale cereale L. Rye 
Secale montanum Guss. \Vilel rye 
Setaria italica (L.) Beam·. Foxtailmillet 
Setaria viridis (L.) Beauv. Foxtail millet 
Sorghum halepellse CL.) Pers. Johnson grass 
Sorghum virgatum (Hack.) Stapf. Tunis grass 
Sorghum vulgare Pers. Sorghum 

var. caffrorum (Retz.) Hubb. & Rehder. Kafir 
var. caudatum (Hack.) A. F. Hill. Feterita 
var. cernuum (Ard.) Fiori & Paoli. White durra 
var. durra (Forsk.) Hubb. & Rehder. Brown durra 
var. nervosum (Hack.) Forbes & Hemsley. Kaoliang 
var. Roxburghii (Hack.) Haines. Shallu 
var. saccharatum (L.) Boerl. Sorgo 
var. subglabrescens (Steuel.) A. F. Hill. Milo 
var. sudanense (Piper) Hitchc. Sudan grass 
var. technicum (Koern.) Fiori & Paoli. Broomcorn 
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Spartina Spartinae (Trin.) l\Ierr. 
Stipa tenacissima L. Esparto 
Triticum aestivum L. ('1'. vulgare ViII.) ('1'. saiiv1l1n Lam.) Wheat 
Triticum com pactum Host. Club wheat 
Triticum dicoccum Schrank. Emmer 
Triticum durum Desf.· Durum wheat 
Triticum monococcum L. Einkorn 
Triticum polonicum L. Polish wheat 
Triticum Spelta L. Spelt 
Triticum Timopheevi Zhuk. 
Triticum turgidum L. Poulard wheat 
Vetiveria zizanioides (L.) ~ash. Khuskhus. Vetiver 
Zea ;\fays L. Maize. Indian corn 

var. erythrolepis (Bonaf.) Alef. (var. alllylacea (Sturt.) Bailey.) Soft corn 
var. indent at a (Sturt.) Bailey. Dent corn 
var. indurata (Sturt.) Bailey. Flint corn 
var. praecox BonaL" (var. everia (Sturt.) Bailey.) Popcorn 
var. rugosa Bonaf. (var. sacc}zaraia (Sturt.) Bailey.) Sweet corn 
var. tunicata St. HiI. Pod corn 

Zizania aquatica L. Wild rice 
var. angustifolia Hitehe. (Z. palusiris L.) Wild rice 

Cyperaceae 

Cyperus Papyrus L. Papyrus 
Cyperus tegetiformis Roxb. Chinese mat grass 

Palmaceae 

Areca Catechu L. Betel-nut palm 
Arenga pinnata (Wurmb.) l\Ierr. (A. saccharifera LabilI.) Gomuti palm 
_j,strocaryum l\Iurumuru l\Iart. l\Iurumuru palm 

-.;;-~- Astroearyum Tucumu l\Jart. Tucuma palm 
Astrocaryum vulgare :\Iart. 
Attalea funifera l\rart. Bahia piassava 
Borassus flabellifer L. Palmyra palm 
Calamus sp. Rattan 
Caryota mens L. Toddy palm 
Ceroxylon andicola H. & B. Wax palm 
Chamaerops humilis L. Fan palm 

Carnauba wax palm 
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Cocos nucifera L. Coconut 
Copernicia cerifera (Arr.) Mart. 
Daemo;,orops Draco (\Villd.) Bl. 
Elaeis guineensis Jacq. Oil palm 

(Calamus Draco Willd.) . Sumatra dragon's blood 

Leopoldinia Piassaba \Vallace. Para piassava 
Metroxylon amicarum (WendI.) Becc. (Coelococclls amicarum (WendI.) W. F. Wight.) 

IvorY-Hilt palm 
Metroxylon Sagu T~ottb. (M. Rumphii l\Iart.) Sago palm 
Orbignya Cohun<~ (l\Iart.) Dahlgren. (Atlalea Cohllne l\Iart.) Cohune palm 
Orbignya l\Iartiana Barb. Rodr. Babassu palm 
Orbignyt' oleifera Burret. Babassu palm 
Phoenix dactylifcra L. Date palm 
Phoenix sylvestris (L.) Roxb. Wild date 
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Phytclephas macrocarpa Ruiz &; Pay. Ivory-nut palm. TUgU:l· palm 
Raphia pedunculnta Beam". (R. Ru.t1ia :'Ifart.) Haffia palm 
Haphia yinifera lkauL "'est Afriean piassaya. \rine palm 
SalmI eausiarum (Cook) Bece. (lnodcs calisiarllll! Cook.) PliCl·to Rico hat palm 
SalmI Palmetto (Wait.) Lodd. (lllodes Palmetto (Wait.) Cook.) Palmetto. Cub-

bage palm 
Syagrus coronata (:'I[art.) Becc. Licuri palm. Ouricl1ri palm 

Cyclanthaceae 

Carludovica palmata Ruiz &; Pay. Panama hat palm. 

Araceae 

Acorus Calamus L. Sweet flag. Calamus root 
Colocasia antiquortlm Schott. Taro 
Colocasia csculenta (L.) Schott. Dasheen 
::\Ionstcra deliciosa Liebm. Ccriman 
Xanthosma sagittifolium Schott. Yautia 

Bromeliaceae 

Aechmca magdalcnae (Andre) Andre apud Baker. 
Ananas comosus (L.) Merr. (A. sativlls Schult. L) 
i"cogiaziovia variegata :\Iez. Caroa 
Tillandsia usncoides L. Spanish moss 

J lIncus effuslls L. Rush 

Allium ascalonicum L. Shallot 
Allium Cepa L. Onion 
Allium Porrum L. Leek 
Alliulll sativum L. Garlic 
:\llillm Schocnoprasum L. Chives . 

JllllCaCeac 

Liliaceae 

Pita floja 
Pineapple 

Aloe barbadensis :'IIil!. (A. 1'lllgaris Lam.) (A. vera h) Barbados aloe~ 
Aloe fcrox i\Iil!. Cape aloes 
Aloe Perryi Baker. Socotrine aloes 
.~sparagus officinalis L. Asparagus 
Chlorogalum pomeridianum (Ker-Gawl.) Kunth. California soaproot 
Colchicum autumnale L. :'Ieadow saffron. Colchicum root 
Convallaria maialis L. Lily of the vallcy 
Dracaena cinnabari Balf. L Socotra dragon's blood 
Hyacinthus orientalis L. Hyacinth 
Phormium tenax Forst. Xew Zealand hemp 
Samuela carncrosana Trel. Palma istle 
Sansevieria longifolia Sims. Florida bowstring hcmp 
Sanscvieria Roxburghiana Schult. f. Indian bowstring hemp 
Sansevicria thyrsiflora Thunb. (S. guineensis (Jacq.) Willd.) African bowstring 

hemp 
Sansevieria zeylanica (Jacq.) 'Villd. Ceylon bowstring hemp 
Smilax aristolochiacfolia Mill. :'IIexican sarsaparilla 
Smilax officinalis H.B.K. Honduras sarsaparilla 
Smilax Regelii Killip & J\Iorton. Jamaican sarsaparilla 
Urginca maritima (L.) Baker. Squills. Sea onion 
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Xanthorrhoea australis R. Br. Grass tree 
Xanthorrhoea hastilis R. Br. Grass tree 
Xanthorrhoea tateana F.. v. i\Iuell. 
Yueca sp. Palma istle 

A maryllidaceae 

Agave atrovirens Karw. Pulque plant 
Agave Cantala Roxb. i\Ianila maguey. Cantala 
Agave fourcroydcs Lem. Henequen. Mexican sisal 
Agave Funkiana C. Koch & Bouche. Jaumavc istle 
Agave Lecheguilla Torr. Tub istle 
Agave Letonae F. IV. Taylor ex Trel. Salvador henequen. Letona 
Agave sisalina Perrine. Sisal 
Agave sp. Mexican maguey 
Furcraea Cabuya Trel. Cabuya 
Fureraea gigantea (D. Dietr.) Vent. i\Iauritius llCmp. Piteira. Green aloe 
Fureraea hexapetala (Jaeq.) Urb. Pitre. Cuban hemp 
Furcraea macrophylla Baker. Fique 
~arcissus Jonquilla L. Jonquil 
Narcissus TazeUa L.· Narcissus 
Polianthes tuberosa L. Tuberose 

Dioscorea alata L. Yam 

Crocus sativus L. Saffron crocus 
Iris fioreutina L. Orris 
Iris pallida L. Orris 

Dioscorea ceae 

lridaceae 

11Iusaceae 

;\Iusa nana Lour. (M. Cavenrlishii Lamb.) Dwarf banana 
jUusa paradisaica L. Plantain 

subsp. sapientum (L.) O. Ktze. (M._sapientum L.) Banana 
i\Iusa textilis Nee. Abaca. lilanila hemp . 

Zingiberaceae 

Aframomum 1Ielegueta (Rose.) K. Schum. Grains of paradise 
Alpinia Galanga (L.) Sw. Greater galangal 
Alpinia offieinarum Hance. Lesser gabngal 
Amomum sp. Grains of paradise 
Cureu,na angustifolia Roxb. East Indian arrowroot 
Curcuma longa L. Turmeric 
Curcuma zedoaria (Berg.) Zedoary 
Elettaria CanlanH:>mum (1,.) i\Iaton. Cardamom 
Zingiber officinale Rose. Ginger 

Cannaceae 

Canna edulis Ker-Gawl. Queensland arrowroot. Achira 

]II aranlaceae 

Calathe<t lutea G. F. W. l\ley. 
i\Iaranta arundinacea L. West Indian arrowroot 
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Orchidaccae 

,'(willa planifolia Anelr. (F. jra{]rans (Salish.) Ames.) Vanilla 
Vanilla POlllpona Schcide. West Indian vanilla 

Piper Betic L. Betel pepper 
Piper Cuheba L. f. Cubeb 
Piper longum L. Long pepper 

DICOT1"LEDOX AE 

Arehychlamydeae 

Piperaceae 

Piper methysticum Forst. Kayakava 
Piper nigrum L. Black pepper 
Piper retrofractulll Vah!. (P. ojJicinanllll C.D.C.) Long pepper 

Salicaceae 

Populus halsamifera L. (P. Tacanzahacca ~1il!.) Balsam poplar 
Populus deltoides ilIarsh. Cottonwood 
Populus gralHlidentata ~Iichx. Large-toothed aspen 
Populus trellluloides :'IIichx. Quaking aspen 
Salix alba L. White willow 
Salix nigra 1\1ar8h. Black willow 

i1f yricaceae 

~Iyrica cerifera L. 'Yax myrtle 
~1yrica pensylvanica Lois. (JI. caroZinellsis i\Iil!.) Bayberry 

Jll{]lallriaceae 

Carya glabra (~Iil!.) Sweet. Pignut 
Carya illinoensis (Wang.) K. Koch (C. Pecan (~Iarsh) Eng. & Graeb.) Pecan 
Carya laciniosa (l\Iichx. f.) Loud. Shellbark hickory ._____ 
Carya ovata (~Iil!.) K. Koch. Shagbark hickory 
Carya tomentosa (Lam.) Xutt. (C. alba (L.) K. Koch.) 1\Iockernut 
Juglans cinerea L. Butternut 
Juglans nigra L. Black walnut 
Juglans regia L. English walnut. Persian walnut 

Bellilaceae 

Alnus glutinosa (L.) Gaertn. European black alder 
Alnus rubra Bong. Red alder 
Betula lenta L. Black birch. Sweet birch 
Betula lutca l\Iichx. f. Yellow birch 
Betula papyrifera illarsh. Paper birch. White birch 
Betula pendula Roth. (B. alba L. in part.) European white birch 
Betula puhcscens Ehrh. (E. alba L. in part.) European white birch 
Carpinus Betnlus L. European hornbeam 
Carpinus caroliniana ,Valt. Blue beech 
Corylus americana 'Valt. Hazelnut 
Corylus A vellana L. Filbert. European hazelnut 
Corylus cornuta ~Iarsh. (C. rostra/a Ait.) Beaked hazelnut 
Corylus maxima ~Iill. Filbert 
Ostrya virginiana (ilIil!.) K. Koch. Hop hornbeam 
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Fagaceae 

Castanea crenata Sieb & Zucco Japanese'chcstnut 
Castanea dentata (l\1arsh.) Borkh. Chestnut 
Castanea sativa l\Iil!. (C. vulgaris Lam.) Europcan chestnut 
Fagus grandifolia Ehrh. Beech 
Fagus sylva tic a L. European bcech 
Lithocarpus densifiom (Hoole & Am.) Rehder. California tanbark oak 
Quercus alba L. Whitc oak 
Quercus bicolor L. Swamp white oak 
Quercus borealis l\Iichx. f. (Q, rubra DuRoi.) Red oak 
Quercus Cerris L. European turkey oak 
Quercus coccinea Muench, Scarlet oak 
Quercus Frainetto Ten. (Q. conferta Ait.) Italian oak, 
Quercus Garryana Doug!. Oregon white oak 
Quercus Ilex L. Holm oak 
Quercus imbricaria l\Iichx, Shingle qak 
Quercus infeetoria Olivo Aleppo oak 
Quercus laevis Walt. (Q. Catesbaei i\lichx.) Turkey oak 
Quercus macrocarpa ,:'Iichx. Bur oak 
Quercus macrolepis Klotschy (Q. Aegilops L.) Turkish o~k 
Qucrcus montana Willd. (Q. Prinus End!.) Chcstnutoak 
Qucrcus palustris l\Iuench. Pin oak 
Quercus petraea (Mattuschka) Liebl. - (Q. sessilijlora Salisb.) 
Qucrcus phellos L. Willow oak 
Quercus Prinus L. (Q. Micha'uxii Nutt.) Swamp chestnut oak 
Qucrcus Robur L. English oak 
Quercus stellata Wang. Post oak 
Quercus Suber L, Cork oak 
Quercus texana Buckley. Texas red oak 
Quercu~ velutina Lam. Black oak 
Quercus virginiana Mill. Live oak 

Celtis occidentalis L. Hackberry 
Ulmus americana L. White elm 

Ulmaceae 

Ulmus proccra Salisb. (U. campcstris :'IEIl. in part.) English elm 
Ulmus rubra :'Iuh!. (U. fulva l\Iichx.) Slippery elm 
Ulmus Thomasi Sarg. (U. racclIlosa Thorn.) Rock elm 

,Moraceae 

Antiaris toxicaria (Pers.) Lesch. Upas tree 
Artocarpus altilis (Park.) Fosb. CA. cOliwtunis Forst;) Brcadfruit 
Artocarpus heterophyllus Lam, (A. integra (Thunb.) ]\Icrr.) Jack fruit 
Broussonetia papytifera (L.) Vcnt. Papcr mulberry 
Castilla elastica ecrv. Panama rubbcr. Castilla rubber 
Castilla Ulei WarL. Caucho rubber 
Cannabis sativa L. Hmup 
Chlorophora tinctoria (L.) Gaud. Old fustic 
Ficus Carica L. Fig 
Ficus elastica Haxb. India rubber. Assam rubber 
Ficus Nekbudu Warb. (F. utilis Sim.) 
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Ficus religiosa L. 
HUlllulus Lupulus L. HOJls 
::\Iadura pOll1ifera (Raf.) Se\nwid. Osage orange 
::\Ioms alba L. \Yhite mulberry 
::\Ioms nigra L. Black llmlb('rr~' 
::\[onls rubra L. Rc(\ Illulberr~' 
Pira t inera gllian('nsis Au hI. SJla kcwood. Let t en\'oo(l 

C'rtic(lceae 

TIoc]nlleria ni"ea (L.) Gaud. Hamil' 
yar. tenacissima (Gaud.) ::\IiQl!el. Rhea 

Proi<'aceac 

Gre\'illea robust a A. Cunn. Silky oak 
::\facm\amia ternata F. y. ::\Iucll. Queensland nut. ::\iaeadamia nut 

Santa/aceae 

Santalull1 album L. Sandalwom\ 

PO/YUOII(lceac 

Coccoloha uyifern L. Sea grape 
Fag;op~Tulll 5agittatulll Gilih. (p. estll/clltlllll ::\Ioench.) Buckwheat 
Rheum Emo(li "'all. Indian rhubarh 
Rheulll officinalI' Baill. Rhubarh 
Rheulll palmatum L. Rhuharb 
Rheum HhaponticlIlI1 L. Gardcn rhubarh 
Rume:-.: hymcnosepalus Torr. Canaigre. Tanner's dock 

Chcnoporiiaceac 

Beta maritima L. 'Yild heet 
Beta yulgaris L. Gardcn beet. SUg-1U heet. ::\Iangels 

yar. Cicla L. Chard 
Chenopodium amhrosioi(\cs L., yar. anthclminticlIlIl (L.) Grny. \Yorms('('rl 
Chenopodium Quinoa WiUd. Quinoa 
Spinacia olerncea L. Spinach 

Alllarantliaceae 

;\marantlms gangeticus L. Tampala 

:lizoaceae 

Tetragonia e:-':]lansa Murr. l\ew Zealand spinach 

Basel/aceae 

Ullucus tuberosus Caleb. Ullucu. il,Ielloco 

Caryophyl/aceae 

Dianthus Caryophyllus 1,. Carnation 
Sa]lonaria officinalis L. Soapwort. Bouncing Bet 

RanllrlclI/aceae 

Aconitum Xapellus L. Aconite. ::\[onkshood 
Hydrastis canadensis 1,. Goldenseal 

..... 
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Podophyllum Emodi Wall. 
Podophyllum pcltatum L. 

Berberidaceae 

Indian podophyllum 
:Mandrake. i\lay apple 

,1J aanoliaceae 

Illicium verum Hook. f. Star anise 
Liriodendron Tulipifera L. Tulip tree 
:\Iagnolia acuminata L. Cucumber tree 
:\Iichelia Chumpaca L. Cham pac 

Anllonaceae 

Annona Cherimolia IIIill. Cherimoya 
Annona muricata L. Soursop. Guunuhuna 
Annona reticulata L. Bullock's-heart 
Annona squamosa L. Sweet sop 
Asimina triloba (L.) Duna!. Papaw 
Cunanga odorata (Lam.) Hook. f. & Thoms. Ylang-ylang 
Oxandra lanceolata (8w.) Bail!. Lancewood 

M yrislicaceae 

:\Iyristica fragrans Houtt. Nutmeg 
Yirola spp. Ucuhuba butter. Otoba butter 

Lallraceae 

Aniba panurensis i\Iez. Cayenne lin aloe. Bois du rose 
Aniba rosaeodora Ducke var. amazonia Duckc. Brazilian bois du rose 
Cinnanwmum Burmannii (Xecs) Blume. Padang cassia 
Cinnamomum Camphora (L.) T. Kees & Ebcrlll. Camphor 
CinnarnomuIll Cassia (Xees) Kees ex Blume. Cassia 
·Cinnuniomum Loureirii Kees. Saigon cinnamon 
Cinnamomum IIIassoia Schewe. (M assoia aromatica Becc.) lIIassoia bark 
Cinnamommn Oliveri Bailey. Oliver's bark 
Cinnumomum Tamala (Buch.-Ham.) T. Nees &. Eberm. Indian cassia 
Cinnamomum zeylanicum Breyn. Cinnamon 
Laurus nobilis L. Laure!. Sweet bay 
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Ocotea Rodioei (Rob. Schornb.) 1I1ez. (Nectandra Rodioei Schomb.) Greenheart 
Persea americana J\Iill. Avocado. Alligator pear 
SussDfras albidulll Kees. (S. variifoliulIl (Salish.) Kuntze.) (S. ojfici1lale -"'"ees & 

Eberlll.) Sassafras 

Argemone mexican a L. 
Papaver somniferulll L. 

Papaveraceae 

:\Iexican poppy 
Opium poppy 

Capparidaccae 

Capparis SpihOS~ h Caper bush 

Crllczjerae 

Arm ora cia lupathifolia Gilib. (A. ruslicana Gaertn.), (Rorippa Ltrmoracia (L.; 
Hitchc.) Horse-radish 

Brassiefl campestris L. Field Illustard 
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Brnssica rhinensis L. Chin('se cabbage 
Brassica hirta 1[oellch. (E. aI/I(! (L.) Boiss.) White lllustard 
Brassica juncea (1,.) Cosson. Indian Illllstani 
Brassica l\apobrassira (L). ~fill. Hutabaga 
Brassica Xapus L. Hape 
Brassira nigra (L) Koch. Black mustard 
Brassica oleraeea L. 'Yilel cahhag" 

var. acephala D.C. Boreeole. Kale 
var. hotrrtis L. Cauliflower. Broccoli 
var. capitata L. Cahhage 
yar. gemmifcra Zenk. BrussPis sprouts 
yar. gong~'lo(lcs L. (B. calilorapa Pasq.) Kohlrabi 

Brassiea pckincnsis (Lour.) Hupr. Chinese cabhage 
Brassica Hapa L. Turnip 
CanlC'lina satiya (L.) Crantz. False flax 
Isatis tinctoria L. Woael 
:'\asturtiulll officinale H. Br. (Rorippa Nasillriillm-aquaiiclIlIl (L.) Britt. & Hcndle). 

\Yater cress 
Raphanlls satiyus L. Hadish 

Reseda Lutcola L. 'Y dd 
Reseda odorata L. ~Iignonctte 

Resedaccae 

]If oringaceae 

l'I[oringa oleifera Lam. (J[. pierygospenlla Gaertn.) 

Saxifragaceae 

Hihes americanulll ?lIill. \Yild currant 
Ribes Grossularia L. Gooseberry 
Ribes hirtellum 1Iichx. "oilel gooseherry 
Ribes nigrum L. Black currant 
Ribes sativum Syme. (R. vlllgare Lam.) Hed currant 

H amalllelidaceae 

Hamamelis yirginiana L. Witch hazel 
Liquidambar orientalis 1Iill. Styrax 
Liquidambar Styraciflua L. Red gum. Sweet gum 

Platanus occidentalis L. 
Platanus orientalis L. 

Plaiarwceae 

Sycamore 
European plane tree 

Rosaceae 

Chrysobalanus Icaco L. Coco plum 
Cydonia ohlonga :'I[ill. (C. vulgaris Pers.) Quince 
Eriobotrya japoniea (Thunb.) Lin(H. Loquat 
Fragaria chiloensis (L.) Duchesne. Strawberry 
Fragaria yesea L. Strawberry 
Fragaria yirgininna Duchesne. Strawberry 
Licania rigida Benth. Oiticica 
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?lIespilus germanica L. Medlar 
Prunus americana .\Iarsh. "'ild plum 
Prunus Amygdalus Batsch. (P. cOllllll1wis (L.) Arcang.) Almond 

var. amara D.C. Bitter almond 
var. dulcis D.C. Sweet almond 

Prunus Armeniaca L. Apricot 
Prunus avium L. Sweet cherry 
Prunus Cerasus L. Sour cherry 
Prunus domestica L. European plum 
Prunus hortulana Bailey. Hortulana plum 
Prunus insititia L. Bullace plum 
Prunus maritima Marsh. Beach plum 
Prunus nigra Ait. Wild plum 
Prunus Persica (L.) Sieb. &; Zucco Peach 

var. nectarina (Ait.) .\Iaxim. (var. IIllcipersica. (L.) Schneid.) Nectarine 
Prunus salicina Lindl. Japanese plum 
Prunus serotina Ehrh. Wild black cherry 
Prunus serrulata Lindl. Japanese flowering cherry 
Prunus spinosa L. Sloe. Blackthorn 
Pyrus baccata L. (M aius baccata (L.) Borkh.) Siberian crab apple 
Pyrus communis L. Pear 
Pyrus 1\Ialus L. (MalliS pll1llila ]\fill.) Apple 
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Pyrus pyrifolia (Burm.) Xakai var. culta (i\Iak.) Nakai. (P. serotina Rehd., var. 
ellita Rehd.) Chinese pear. Sand pear 

QuiUaja Saponaria 1\101. Soapbark 
Rosa centifolia L. Cabbage rose 
Rosa da lllasccna i\lill. Damask rose 
Rubus aUeghaniensis Porter. Blackberry 
Rubus argutus Link. Blackberry 
Rubus ilagellaris WiUd. Dewberry 
Rubus frondosus Bigel. Blackberry 
Rubus Idaeus L. Red raspberry 

var. strigosus (i\lichx.) 1\laxim. "\Vild raspherry 
Rubus loganobaccus Bailey. Loganberry 
Rubus occidentalis L. Black raspberry 
Rubus trivialis .\Iichx. Dewberry 
Rubus vitifolius C. &; S. California dewberry 
Sorbus Aucuparia L. (Pyrlls Aucuparia (L.) Ehrh.) Rowan 

Leg1l11l i nosae 

Acacia Catechu (L.f.) WiUd. Black cutch. Catechu 
Acacia decurrens (Wendl.) Willd. Black wattle 

var. dealbata (Page) F. v. i\Iuell. (A. dealbala Link). Sil\"Cr wattle 
var. molEs Limll. Green wattle 

Acacia Farne~iant:, (L.) Willd. Cassie 
Acacia melanoxylcn R. Br. Australian blackwood 
Acacia nilotica (L.) Delile. (A. arabica (Lam.) Willd.) Babul 
Acacia pycnantha Benth. Golden ~\'attlc 
Acacia 3cncgal (L.) Willd. Gum arabic 
Arachis hypogaea L. Pcanut. Ground nut 
Astrag~'lus gummifcr Labill. Gum tragacanth 
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Baphia niticla Afzcl. cx Loeld. Call1wood 
Butca lllonospcrma (Hoxh.) Tauh. (B. frollllosa Roxb.) Bengal kino 
Brya Ehcnus (L.) D.C. Coeus wood. Granadillo. American ebony 
Cae,;alpinia brcyifolia Baill. Algarobilla 
Caesalpinia coria ria (Jacq.) Willel. Diyi-divi 
Caesalpinia eehinata Lam. Brazilwood 
Caesalpinia Sappan L. Sappanwood 
Caesalpinia spinosa (i\101.) Ktze. Tara 
Cajanus Cajan (L.) i\lillsp. (C. indiclis Spreng.) Cajan pcn. Pigeon pea 
Canavalia ensiforlllis (L.) D.C. Jack benn. Horse bean 
Cassia ncutifolia Del. Alexandrian scnna 
Cassia nngustifolia \' ahl. Indian scnna. Tinna velly senna 
Cassia aurieulata L. Avnram 
Ccmtonia Siliqua L. Carob 
Ciccr arictinum L. Chick pea 
Copaifera conjugata (Bolle) :\Iilnc-Redhearl. (C. Gorskiana Bcnth.) Inhambane 

copal 
Copaifcra copallifera (Bcnn.) i\Iilnc-Rcdhead. (C. Guiborliana Bcnth.) Sierra 

Leone copal 
Copaifera Dcmeusii Harms. Congo copal 
Copaifera 1l10pane J. Kirk. Congo copal 
Cop:lifera officinalis L. Cop:liba balsam 
Copaifera reticulata Ducke. Copaiba habnlll 
Copaifera Salikounda Heckel. Sierra Leone copal 
Crotalaria juncea L. Sunn hemp 
Dalbergia latifolia Roxb. Indian roSC\HlOd 
Dalbergia nigra Fr. Allem. Brazilian rosewood 
Dalbergia retusa Hemsl. Coco bolo 
Dalbergia Sissoo Roxb. Sissoo 
Daniella Ogea Holfe. Accra copa!. Benin copal 
Daniella Oliveri (Rolfe) Hutch. & Dalz. lllurin balsam 
Daniella thurifera Benn. Sierra Leone frankincense 
Derris elliptica (Wall.) Benth. Derris. Tuba 
Derris trifoliata (Lour.) Taub. (D. IIliginasa (Hoxb.) Benth.) Derris 
Dipteryx odorata (Aubl.) 'Yilld. Tonka bean 
Dipteryx oppositifolia (Aubl.) 'Yilld. Tonka bean 
Dolichos Lablab L. Hyacinth bcan. Bonayist. Lahlab 
Gleditsia triacanthos L. Honey locust 
Glycine :\[ax (L.) 1Ierr. (G. Saj(1 (L.l Sieb. & Zuce.) Soybean 
Glycyrrhiza glabra L. Licorice 
Gymnocladus dioica (L.) K. Koch. Coffee tree 
Haematoxylon Brasiletto Karst. Brazilettc. Hypernic 
Haematoxylon campechiannm L. Logwood 
Hymenaea Courbaril L. South American locust. West Indian locust 
Indigofera suffruticosa :\Iill. Indigo 
Indigofera tinctoria L. Indigo 
Inga cdulis Mart. 
Lens culinaris :\Iedik. (L. esculenta :\[oench.) Lentil 
Lcspedeza cuneata G. Don. (1.,. sairea :\liq.) Lespedeza 
Lespedeza stipulacea Maxim. Korean lespecleza 
Lespecleza striata (Thunh.l H. & A. Lcspecleza 
Lonchocarpus 1\icou (Aubl.) D.C. Cube. Timho. Barhasco 
LonchoC'arpns UruCIi Killip & Smith. Cuhe 
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Lonchocarpus utilis Killip & Smith. Cube 
Medicago hispida Gaertn. Bur clover 
;,Iedicago lupulina L. Medic 
l\fedicago sativa L. Alfalfa 
l\Ielilotus alba Desr. White sweet clover 
Melilotus officinalis (L.) Lam. Yellow sweet clover 
Mom excelsa Benth. (Dimorphandra Jlora B. & H.f.) i.\Iora 
Myroxylon Balsamum (1,.) Harms. (M. lolw/crum H.B.K.) Balsam of Tolu 
l\Iyroxylon Pereirae (Royle) Klotzsch. Balsam of Peru 
Pachyrrhizus erosus (L.) Urban. Yam bean 
Parkia biglobosa (Willd.) Benth. ~Htta. African locust bean 
Parkia filicoidea Welw. AfJ;ican locust bean 
Peltogyne paniculata Benth. Purpleheart 
Phaseolus angularis (Willd.) \Y. F. Wight. Adzuki bean 
Phaseolus aureus Roxb. Mung bean 
Phaseolus calcaratus Roxb. Rice bean 
Phaseolus coccineus L. (P. Inliltiflorus Willd.) Scarlet runner bean 
Phaseolus limensis l\Ip cf. Lima bean 
Phaseolus lunatus L. Sieva bean 
Phaseolus vulgaris L. Common bcan 
Pisum sativum L. Pea 
Pongamia pinllata (L.) Pierre. (P. glabm (1,.) Vent.) Pong am 
Prosopis glandulosa Torr. Mesquitc 
Prosopis juliflora (Sw.) D.C. Aigaroba. :\Icsquite. Kcawe 
Pterocarpus erinaceus Poir. \\'est African kino. Barwood 
Pterocarpus indicus WiUd. Padouk. Burmese rosewood 
Pterocarpus :\Iarsupium Roxb. :\Ialabar kino 
Pterocarpus salltalinus L. f. Red sanderswood. Red sandalwood 
Pterocarpus Soyauxii Taub. Barwood 
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Pueraria lobata (Willd.) Ohwi. (P. Thunbergiana (Sieb. & Zucc.) Bcnth). (P. 
• hir;lIta Schneid.) Kudzu 
Robinia pscudoacacia L. Black locust 
Samanca Saman (Jacq.) l\Ierr. (Enterolobillm Saman (Jacq.) Prain.) Rain tree 
Sesbania exaltata (Raf.) Rydb. (S. macrocarpa :\Iuhl.) Colorado river hemp 
Stizolobium Deeringianum Bort. (J[1IClLlla Deerillgiana (Bort.) i\Ierr.) Velvet bean 
Tamarindus indica L. Tamarind 
Trachylobium verrucosum (Gaertn.) Oliv. Zanzibar copal 
Trifolium hybridum L. Alsike clover 
Trifolium incarnatum L. Crimson clover 
Trifolium pratense L. Red clover 
Trifolium repens L. White clover. Ladino 
Trigonella Foenum-graecum L. Fenugreek 
Vicia Faba L. Broad bean. Windsor bean 
Vi cia sativa L. Vetch 
Vicia vmosa Roth. Hairy vetch 
Vigna sincnsi., (L.) Savi. Cowpea 
Xylia xylocarpa (Roxb.) Taub. (X. dolabn/ormis Bcnth.) Aclc. Pyinkado 

Averrhoa Bilimbi L. Bilimbi 
AverrLoa Carambola L. Carambola 
Oxalis tubcrosa Molina. Oca 

Oxalidaceae 
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Geralliaceae 

Pebrgonium graveolens L'Her. Rose geranium 
Pelargonium odoratissilllum (L.) Ait. Rose geranium 

'l'ropacolaceae 

TroJlaeolum tuberosum Huiz & Pavon. Aiiu 

Lillaccae 

LinuIll usitatissimulll L. Flax 

Rlliaceae 

;\lllyris balsamifera L. :\Iexican elemi 
Amyris elemifera L. Mexican elemi 
Barosma betulina (Thunb.) Bart!. &; \Ycnd!. Buchu 
Barosma crcnulata (L.) Hook. Buchu 
Barosma scrratifolia (Curt.) WiUd. Buchu 
Casimiroa cdulis LaLlaye &; Lex. White sapote 
Chloroxylon Swietenia D.C. East Indian satill\\"ood 
Citrwi aurantifolia (Christman) Swingle. Lime 
Citrus :\urantium L. Sour orange. SeYille orange. Bitter orange 

subsp. Bergamia (Risso &; Poit.) \Yight &; Arn. (C. Bergamia Risso.) Bergamot 
Citrus grandis (L.) Osbeek. (C. maxima (Burm.) :\Ierr.) Pomelo. Shaddock 
Citrus Limon (L.) Burm. f. (C. Limonia Osbeek.) Lemon 
Citrus :\Iedica L. Citron 
Citms parndisi :\Iacfad. (C. maxillia (EmIlI.) i\Ierr. var ut'(lcarpa :\lerr. & Lee.) 

Grapefruit 
Citrus rcticubta Blanco. (C. nohilis Lour. and yars.) :\Iandarin. Tangerine 
Citrus sinensis (L.) Osheck. Sweet orange 
Feronia Limonia (L). Swingle. Elephant apple 
Fortunella japonica (Thunb.) Swingle. Kumquat 
Fortunella margarita (Lour.1 Swingle. Kumquat 
Poncirus trifoliata (L.) Raf. Trifoliate orange. Deciduous o~ange 
Ruta graveolens L. Rue 
Zanthoxylum flavum Yah!. \Yest Indian sa tiIl\\'ood 

Simarllbaceoe 

Picrasma excelsa (Sw.) Planch. (Picraena execlsa (S\\'.) Lind!.) Jamaica quassia 
Quassia amam L. Quassia 

Bllrseraceac 

Boswellia Carteri Birdw. Olibanum. Frankincense 
Boswellia Frereana Bird\\'. African elemi 
Boswellia scrrata Roxh. Indin.n frankincen~e 
Bursera glabrifolia (II.B.K.) Eng!. (B. alorx!Jlon (Schlecht.) Eng!.) :\Iexican linaloc 
Bursera gUlJllJlifera L. Brazilian elemi 
Bursera penicillata (Sesse & :\Ioc. ex D.C.) Eng!. (n. Dclpcciliallllll! Poiss.) l\Iexican 

linaloc 
Canarium commune L. Jaya :lImon'] 
C:lnarillll1 luzoniellJl1 (IllllllH') A. Gray. Manila plcmi. Pili 
Canarium ovatUIl1 Eng!. Pili nut 
Canarium strictum Roxb. Black damar 
Commiphorn africana (Am.) Eng!. African bdellium 
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COll1miphora erythraea (Ehrenb.) Eng!. Bisabol myrrh. Sweet myrrh 
COll1miphora I{ataf (Forsk.) Engl. Opopanax 
Commiphora 1lukul (Hook.) Eng!. Indian bdellium' 
COll1miphora i\lyrrha (Nees) Eng!. Herabol myrrh 
Commiphora Opobals[lmum (L.) Eng!. Mecca balsam 
Protium heptaphyllum (Aub!.) March. Brazilian elemi 

Carapa guianensis Aub!. Crabwood 
Carapa moluccensis Lam. 

111 cliaceae 

Cedrela odorata L. Spanish ccdar. Cigar-box cedar 
Cedrela Toona Roxb. (Toona ciliata 1\1. Roem.) 1Ioulmein cedar 
Khaya senegalensis (Desr.) A. Juss. African mahogany 
Swietenia macrophylla King. Honduras mahogany 
Swietenia l\Iahogani (L.) Jacq. West Indian mahogany 

ill alpighiaccae 

Banisteriosis Caapi (Spruce) :l\Iorton. Caapi. Yagc. Ayahuascft 
Banisteriopsis inebrians Morton. Caapi 
Banisteriopsis quitensis (Niedenzu) J\lorton. Caapi 
l\Ialpighia glabra L. Barbados cherry 
Tetrapterys sp. Caapi 

Polygalaceae 

Polygala Senega L. Senega snakeroot 

Ellphorbiaceae 

Aleurites Fordii Hems!. Tung-oil tree 
Aleurites moluccana (L.) Willd. Candlenut. LUll1bang 
,-\leuritl<s montana (Lour.) \Yilson. (A. cordata (A. Juss.) Steud.) :\Iu tree 
Cnidoscolus sp. Chilte rubber 
Croton Tiglium L. Croton 
Euphorbia antisyphilitica Zucco Candellila wax 
Euphorbia Intisy Drake del Castillo. Intisy 
Hevea Benthamiana MUl!.-Arg. 
Hevea brasiliensis (Willd. ex A. Juss.) :\Iiill.-Arg. Heven rubber. Para rubber 
:\Ianihot esculent a Crantz (111. lltilissima Poh!.) Cassava 
Manihot Glaziovii Miill.-Arg. Ceara rubber 
l\Iicrandra sp. Caura rubber 
Phyllanthus acidus (L.) Skeels. Otaheite gooseberry 
Ricil.US communis L. Castor bean 
Sapium sebiferum (L.) Roxb. Chinese vegetable tallow 

Buxaceae 

Buxus sempervir~ns L. Turkish boxwood 
Simmondsia chil.cnsis (Link) Schneid. (S. calzfornica Nutt.) Jojoba 

Anacardiaceae 

Annca~'dium occidentale L. Cashew 
Cotinus roggygria Scop. (Rhus Cotinus L.) Smoke tree 
1IangJera indica L. 1\Iango 
l\Ielanorrhoea usitata Wall. Burmese lacquer tree 

511 



;) l2 ECONOJ[ IC BOl'ANl' 

l'i~ta('ia eabulica Stoeks. Bombay ma~tic 
l'istaeia lentiseus L. Chios mastic 
Pislacia yew I,. Pistae]Jio. Grecn almond 
Rims chinensis ;\Iill. (R. ~cllliaiata i\lurr.) Chinesc sumllc 
Hlms copallina L. Dwarf sumac 
Hhus coria ria L. Sicilian sumac 
Rhus glahra L. Smooth sumac 
Rhus su('('pdanca L. f. Japanese ,nlX tree 
Rhus typhina L. Stnghom sumac 
Rhus yernicifiua Stokes. Lacquer tree 
Schinopsis Babnsae Engclrn. Quehracho 
Schinopsis Lorcntzii (Griscb.) Eng!. (Qllcbrachia Lorl'lIlzii Griseh.) Quehrneho 
Spondias cytherea Sonn. (S. dulcis Forst.) Golden apple. Otaheite apple. Ambn· 

rella 
Spondias :\Iombin L. 
Spondias purpurea L. 

(S. illiea L.) Yellow mOllibin. Hog plum 
(S . .1/ombin auth.) Red mombin. Spanish plum 

Ilex ;\quifolium L. European holly 
Hex opnea Ait. Holly 

Aquifo/iaceae 

Ilex pnraguariensis St. Hi!. :'Ilate. Paraguay tea 
Ilex yomitoria Ait. Yaupon. Cassine 

Celaslraceae 

CaUl('. edulis Forsk. Ehat 

ACl'tflCeae 

Aeer macrophyllum Pur:;h. Oregon maple 
Acer nigrulll :\lichx. Black maple 
:\.eer p8eudoplatanus L. Sycamore maple 
Aeer ruhruIll L. ned maple 
;\cer saccharinull1 L. Sih'cr maple 
Accr saccharuIll i\Iarsh. Sugar maple 

Sapindaceae 

Litchi chincnsis SOIlIl. Litchi 
Paullinia Cupana H.B.K. GuanlIlH 
Paullinia Yoco Schultes & Killip. Yoco 
Sapindus Saponaria J~. Boapbcrry 
Schleichera oleosa (Lour.) '\ferr. (S. /njll{Ja \Yilld.) Lac trce 

II ippocas/anaceae 

:\esculus octandm .\larsh. Yellow buckeye 

Rhamnaceae 

Rhamllus cathartica 1.. Buckthorn 
Ilbamnus globosa Bge. (B. chlorophoTll Dcr-ne.) Lokao 
Ilhamnus infectoria L. Persian berries 
Rhamnus Purshiana D.C. Cascara sagra!!a 
Rhamnus utilis Decne. Lokao. Chinese huckthorn 
Zizyphus Jujuha J'lIill. Jujube. Chinese date 
Zizyphus xylopyrus Willd. Jujube 
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l'itaccae 

Vitis uestivulis Michx. Summer grapc 
Vitis Lubrusca L. Fox grape 
Vitis rotundifolia l'Ilichx. l'IIuscadine grape 
Vitis vinifera L. Wine grape 
Vitis vulpina L. Frost grape 

Corchorus capsularis L. Jute 
Core horus olitorius L. Jute 

Tiliaceae 

Tilia americana L. (1'. glabra Yent.) Bass\yood. Linden 
Tilia cordata "'lill. European linden. Lime 

111 a/mceae 
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Abutilon Theophrasti .\ledie. (~1. Avicennae Gaertn.) China jute. Indian mallow 
Gossypium arboreum L. Tree cotton 
Gossypium barbadcnsc L. Sea-island cotton. Egyptian cotton 
Gossypium herbaceum L. Asiatic cotton 
Gossypium hirsutum L. Upland cotton 
Hibiscus cunnabinus L. Kenaf. Gambo hemp. Deccan hemp. Ambari hcmp 
Hibiscus elatus Sw.· Blue mahoe. Cuba bast 
Hibiscus esculentus (L.) Moench. Okra 
Hibiscus Sabdariffa L. Roselle. Rama 
Hibiscus tiliaceus L. Mahoe. i\Iajagua 
Sida acuta Burm. 
Urena lobata L. Aramina. Cadillo 

Bombacaceae 

Adansonia digitata L. Baobab 
Ceiba aesculifolia (H.B.K.) Britt. & Baker. Pochote 

• Ceiba !icuminata (S. Wats.) Rose. Pochote 
Ceiba pentandra (L.) Gacrtn. Kapok 
Chorisia ins ignis H.B.K. Palo borracho 
Chorisia speciosa St. IIil. Samohu 
Durio zibethinus L. Durian 
Ochroma pyramidale (Cav.) Urb. (0. Lagopus Sw.) Balsa 
Salmulia malabarica (D.C.) Schott & End!. (Bombax Cciba L.) Red silk cotkm 

Sterculiaceac 

Cola nit ida (Vent.) A. Chev. (C. aClllllinata (Beam'.) Schott & End!.) Cola 
Sterculia urens Roxh. 
Theubroma Cacao L. Cocoa. Cacao 

'I'ernstrocnziaceae 

Camellia Sasanqua Thunb. 
Camellia sineneis (L.) O. Ktze. (Thea sinensis L.) Tea 

Gutfljerae 

Calophyllurn inophyllum L. Indian laure!. Laurelwood 
G:If";'lia Hanburyi Hook. f. Gamboge tree 
Garcinia .\Irrngostana L. l'IIangosteen 
.\Iam'llea anlC'ricana L. :.rammee apple 



514 ECONOM IC BOTANY 

Diplcrocarpoceac 

Balanocarpus Heimii King. Damar Penak 
Diptcrocarpu'i turhinatus Gaertn. f. Gurjlln halsam 
Dryohalanops aromatica Gacrtn. f. Borneo camphor 
Hopea micrantha Hook. f. Damar :\fata Kuehing 
Shorca aptera Burck. Borneo tnllm,' 
Shoren hypochm Hance. (S. craSSI/olia Hidl.) Damar Temnk 
Shorea robusta Gaertn. L Sal 
Shorca \Yiesncri Schiffn. Bat:n'ian damar 
Vateria indica L. 'Yhite damar 

Bix(lccae 
Bixa Orellana L. Annatto. Urucu 

Cochiosperllloceae 

CochlosperlllUIlJ rcligiosllill (L.) Alston. (C. GOSSypill1ll D.C.) "Ohite silk cotton 

Violoceae 
Viola odorata L. Violet 

Flocollrliaceae 

Flacourtia indica (Burm. L) :\Icrr. Govcrnor's plum 
Gossypiospernnuu praecox (Griseb.) P. \yils. (Cosearia praecox Griseb.) Venezue­

lan boxwood. Zapatero 
Hydnocarpus Kurzii (King) \Yrbg. (Taraklogcllos EIlTZii E:ing.) Chaulmoogra 

Possifloruceae 

Passillora edulis Sims. Purple granaclilla 
Passiflora ligubris :\. Juss. S"'eet grnnadilla 
Passiflorn qwidrnngularis 1.. Ginnt granaclilla 

Carieaceae 

Carica Papaya L. Papaya. Papaw 

Cucluceae 

Lophophora \\"illiamsii (Lelll.1 COlllt. Peyote. !'.reseal buttons 

ThYlllelaeaceae 

Daphne cannabina "oall. 
Edgcworthia tomentosa (Thunb.) Nakai. (E. Gard/leri ("'all.) ;,[eisn.) (E. papy­

njera Sicb. & Zucc.) 
Lagetta lintearia Lam. Lacebark 
Wiekstroemia canescens (Wall.) :\Ieisn. 

Lythraceae 
Lawsonia inermis L. Henna 

Punic(!ceae 

-- Punica Granatum L. Pomegranate 

Lecyth ir/aceae 

Bcrtholletia excelsn JIulllh. & BOllp. Brazil nut 
Couratnri Taunri Ber!!:. Tallary 
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Lecythis usitata ilfiers. Paradise nut. Sapueaia 
Leeythis Zabucajo AubI. Paradise nut. Sapueaia 
Leeythis spp. Paradise nuts 

RhizopllOraceae 

Rhizophora :\Iangle L. Mangrove 

Combrelaceae 

Anogeissus latiIolia Wall. Gum ghatti 
Terminalia Belleriea (Gaertn.) Roxb. 1\Iyrobalan 
Terminalia chebula Retz. l\Iyrobalall 

ill yrlaceae 

Eucalyptus camaldulensis Denllhardt. (E. rostrata Schlccht.) Red gum 
Eucalyptus diversicolor F. v. Muell. Karri 
Eucalyptus dives Schau 
Eucalyptus globulus LabilL Blue gum 
Eucalyptus marginatu Sm. Jarrah 
Eucalyptus occidentalis End!. l\Iallet bark 
Eugenia Dombeyi (Spreng.) Skeels. Grumiehama 
Eugenia uniflora L. Surinam cherry. Pitanga 
Feijoa Sellowiana Berg. Feijoa 
:\Iyrciaria cauliflora Berg. (Eugenia caulijlora (Berg.) D.C.) Jaboticaba 
Pimenta dioica (L.) l\Ierr. (P. officinalis Lind!.) Allspice 
Pimenta racemosa (Mill.) J. W. Moore. (P. acris KosteL) Bay 
Psidium Guajava L. Guava 
Psidium littorale Raddi. (P. Cattleianllln Sabine.) Strawberry guava 
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Syzygium aromaticum (L.) Merr. & Perry. (Eugenia caryophyllala Thunb.) Clove 
Syzygium Cumini (L.) Skeels. (Eugenia J ambolana Lam.) Java plum. Jambolan 
SYZygiUjll Jambos (L.) Alston. (Eugenia Jambos L.) Rose apple 
Syzygium malaccensis (L.) l\Ierr. & Perry. Mountain apple. Ohia 

Araliaceae 

Panax Schinseng N ecs. 
Panax quinquefolium L. 
Tetrapanax papyrifcrum 

(P. Ginseng C. A. I\ley.) Ginseng 
American ginseng 
(Hook. f.) C. Koch. (Fatsia papyrzJera Hook. f.) 

paper plant 

Umbelliferae 

Anethum gravcolens L. Dill 
Angelica Archangelica L. (Archangelica officinalis Hoffm.) Ange)ica 
Anthriscus Cerefolium (L.) Hoffm. Chervil 
Apium graveolens L. Celery 

var. dulce. G:\rden celery 
var. r:1paeeum D.C. Ccleriae 

Arracachia xanGlwrrhiza Bancroft. (A. esculenta D.C.) Arracacha 
Carum Carvi L. Caraway 
Coriandnllu sativum L. Coriander 
Cumiu,Im Cyminum L. Cumin 
Dauclls Carota L. Carrot 
Dorem,\ Ammcniacum D. Don. Ammoniacum 

Rice 
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Fenlb a~safoctida I". ;\safetida 
Ferllia galhanifllla Bois~. & BlIhsc. Galbanlllll 
FoeniclIllllll \'ulgarc J\IillC'r. Fennel 

var. dulce Alef. Florence fenne!' Finochio 
Leyisticulll oflicinale Koch. LO\'age 
Opopanax C'hironimJl (1..) Koch. Opopanax 
l'a~tinaca satiya L. Parsnip 
l'etrosciinuill crispum (J\fill.) i\fansf. (P. hor/1'1I81' Hoffm.) (11pilllll Pclroselill111ll L.) 

Par~le~' 

Pimpinella ,\nisum L. Ani~e 

Comus florida L. Dogwood 
::\yssa aquatica L. Tupelo 

Corllaccae 

f\ys:m sylvatiea :\Iarsh. Sour gUIll. BIt\('k gUIll. Tupelo 

:\Ietaehlymydeae 

Ericaccae 

Erica arborea L. Briar root 
Gaultheria procumbens 1.. Checkerberry. iYintergreen 
Gaylussacia baecata (Wang.) C. Koch. Huckleherry 
Vaccinium angustifoliulll Ait. (F. pClIllsy/mniCIIIll Lam.) Low-bush blucberry 
Vacciniulll atrococcum (Gray) Heller. High-bush blueberry 
Yacciniulll corymbosum L. High-bush blueherry 
Vaceinium macroearpon Ait. Cranherry 
Yacciniulll membranaceulll Torr. 
Vaeciniulll myrtilloicles :\[ichx. (1'. callariellse I\:alm.) Low-bush blueherry 
Vaceiniulll OYatulll. Pur"h 
Vaeeinium Oxycoceus L. Small cranberry 
Yacciniulll yaeillans I(alm. Low-bush hlueberry 
i'aceiniulll \'itis-Idaea L. Foxherry 

var. minus Lodd. ~lountain cranberry 

Sapo/aceae 

Achras Zapota L. Chicle. Sapodilla. Kaseberry 
Butyrospermum Parkii (G. Don) I(otschy. Shea butter 
Calocarpum Sapota (Jaeq.) Merr. Sapote. Marmalade plum 
Chrysophyllum Cainito L. Star apple 
Ecclinusa Balata Ducke. Abiurana. Coquilana 
Lucuma nervosa A.D.C. Canistel. Eggfruit 
:\Iadhuea butyracea (Roxb.) Mach. Bassia fat 
:\Iadhuca indica J. F. Grne!. Illipe butter 
:\Iadhuca longifolia (1..) nIneb. :\lowra fat 
:\Ianilkara biclentata (A.D.C.) A. Chey. (Jlimllsops Hala/a Pierre.) Balata 
Palaquium Gutta (Hook,) Burck. Gutta-pereha 

EhclI(lCl?ae 

Diospyros Ebcn1lJ1l Koenig. :\Iaeassar ebony 
Diospyros I(nki L.f. Japancse persimmon. Kaki 
Diospyros virginiana L. P('rsimmon 
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Styraccae 

Styrax bcnzoidcs Craib. Siam benzoin 
Styrax Benzoin Dryand. Sumatra bcnzoin 
Styrax tonkincnsc Craib. Siam benzoin 

FraxinllS americana L. White ash 
Fraxinus excelsior L. European ash 
Fraxinus nigra Marsh. Black ash 
Fraxinus oregona Kutt. Oregon ash 
Fraxinlls Ornus L. Manna ash 

Oleaceae 

Fraxinus pennsylvanica :'I1ar8h. Red ash 
var. lanceolata (Borkh.) Sarg. Grecn ash 

Fraxinus quadrangulata :'Iiehx. Blue ash 
Jasminum officinale L. yar. grandiflorum (L). Kobuski. Jasmine 
Olea europaea L. Olive 
Syringa yulgaris L. Lilac 

Loaaniaceae 

Strychnos .\'ux-vorniea L. Kux vomica 
Strychnos toxifera Schomb. ex Bellth. Curare 

Gentianaceae 

Gcntiana lutea L. Gentian 

ApocYllaceae 

Apocyn1Jm cannabinum L. Indian hemp 
Carissa gralldiflora A.D.C. Natal plum 
Couma macrocarpa Barb. Hodr. Sorva. Leche caspi 
Dyera costulata ClIIiq.) Hook. f. Jelutong 
Funtumia elastica (Preuss.) Stapf. Lagos silk rubber 
Hancornia speciosa Gomez. Mangabeira rubber 
Landolphia Heudelotii A.D.C. Guinea landolphia rubber 
Landolphia Kirkii Dyer. :lIIozambiqlle landolphia rubber 
Landolphia owariensis Beam'. West African laIldolphiti rubber 
Strophanthus hispidus P.D.C. Strophanthus 
Strophanthus l\ombe Oliy. Strophanthus 
Strop'lanthus sarmentosus A.P.D.C, 

Lisclepiadaceae 

Asclepias chrassnvica L. False ipecac. Bloodflower 
Asclepias incp-rnata. L. Swamp milkweed 
Asclepias subulata Decaisne. Desert milkweed 
Asclepias syrinca L. Common milkweed 
Calotropis gigantea (Willd.) Dryancl. in Ait. :'Iadar 
Calotropis pro cera (Ait.) Dryand. in Ait. Akund 
Crypto~tegia grandiflora (Hoxb.) RBr. Rubber vine 
Cryptoc'tegia madagascariellsis Bojer apud ;\Iiq. Rubher vine 
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COI!l'olvuiaccac 

Exogoniulll purga (Hayne) Lindl. (l pomoca purga Hayne.) Jalap 
Ipomoea llatatatl (L.) Poir. Sweet potato 
Rivea corymho"a (L.) Hallier f. Ololiuqui 

Boraginaccae 

Alkunna tinctoria (L.) Tausch. Alkanna 
Heliotropiull1 arborescens L. (H. peTlnianum L.) Heliotrope 

Verbenaceae 

Tectona grandis L. f. Teak 

Labiatae 

Hedeoma pulegioides (L.) Pers. PennyroY:ll 
Hyssopus officinalis L. Hyssop 
Lav:lndula latifolia Vill. (L. Spica D.C.) Spike lavender 
Lavandu!a oflicinalis Chaix. (L. Spica L.) (L. vera D.C.) Lavender 
:-'1ajoran:l hortensis :-'10ench. (Origanum J[ ajorana L.) Sweet marjoram 
).farrubium vulgare L. Hoarhound 
;\1elissa officinalis L. Balm 
:-'Ientha arvensis L., var. piperascens :-'lalinv. Japanese peppermint 
1\Ientha piperita L. Peppermint 
Mentha PlIlegium L. European pennyroyal' 
i\lentha spicata L. Spearmint 
Xepeta Cataria L. Catnip 
Ocimum Basilicum L. BHsil 
Origanum vulgare L. })ot marjoram 
Perilla frlltescens (L.) Britton. (P. ocimoides L.) Perilla 
Pogostemon Cablin (Blanco) llenth. Patchouli 
Rosmarinus officinalis L. R08emary 
Salvia officinalis L. Sage 
Salvia Sclarea L. Clary sage 
Satureja hortensis L. Summer savory 
Satureja montanuIll L. ,,'inter savory 
Thymus vulgaris L. Thyme 

Solanaceae 

Atropa Belladonna L. Belladonna 
Capsicum frutescens L .. (C. annuwl! L.l Red pepper 

var. grossuIll (L.) Bailey. Sweet pepper. Bell pepper 
var.longum (D.C.) Bailey. Cayenne pepper. Chili 

Cyphomandra betacea (Cav.) Sendt. Tree tomato 
Datura arborea L. :-'Iaikoa 
Datura innoxia !\Iill. 
Datura sanguinea Ruiz & })ay. 
Datum Stramonium L. Jimson weed. Thorn apple. Stramonium 
Duboisia Hopwoodii F.v.:-'Iuell. Pituri 
Hyoscyamus muticus L. Henbane 
Hyoscyamus niger L. Black henbane 
Lycopersicon esculentum :-'lill. Tomato 
::\icotiana rustiea L. Tohacco 
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. Kicotiana Tabacum L. Tobacco 
Solanum l\1elongena L. Eggplant. 
Solanum q'uitoense Lam. Naranjilla. 
Solanum tuberosum L. Potato 

Aubergine 
Lulu 

S ero plllll ariaceae 

Digitalis purpurea L. Foxglove. Digitalis 

Bignoniaceae 

Catalpa speciosa Warder. Catalpa 

5Hl 

Cybistax Donnell-Smithii (IWse) Seibert. (Taueuuia Donnell-Smithii IWse.) Pri­
mavera 

Pedaliaceae 

Sesamum indicum L. (S. orientale L.) Scsame 

Plantaginaceae 

Plantago indica L. French psyllium 
Plantago ovata Forsk. Blonde psyllium 
Plantago Psyllium L. Spanish psyllium 

Ruuiaceae 

Calycophyllum candidissimum (Vah!.) D.C. Degame. Lemonwood 
Cephaelis Ipecacuanha (Brot.) A. Rich. (Psychotria Ipecacuanh~ Stokes.) Ipecac 
Cinchona Calisaya Wedd. Quinine 
Cinchona Ledgeriana 11oens. Quinine 
Cinchona officinalis L. Quininc 
Cinchona pitayensis Wedd. Quinine 
Cinchona succirubra Pay. Quinine 
Coffea arabica L. Arabian coffee 
€:offea liberica Bull. Liberian coffee 
Coffea robusta Linden. Congo coffee 
Rubia tinctOrtlln L. i\Iadder 
Uncaria Gambir (Hunt.) Roxb. White cutch. Gambier 

Yalerianaceae 

Valeriana officinalis L. Garden heliotrope. Valerian 

Cucurbitaceae 

Citrullus Colocynthis (L.) Schrad. Colocynth. Bitter apple 
Citrullus vulgaris Schrad. \Yatermelon 

var. citroides Bailey. Citron melon 
Cucumis Anguria L. Gherkin 
Cucumis l\1cIo L. :'\1elon 
Cucumis sa tivus L. CUCUIl1 ber 
Cucurbita ficifoli" Bouche. l\lalnbar gourd 
Cucurbita maxilll[ Duchesne. "Tinter squash 
Cucurbita mix ca. Pangalo 
Cucurbita moschata Duchesne. Squash. Cushaw 
Cucuri,ita Pepo L. Pumpkin. Summer squash 
Luffa acut.angula (L.) Roxb. Vegetable sponge 
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Luffa cylindrica (L.) 11[. Hoem. Vegetable sponge 
Sechium edule (Jacq.) Sw. Chayote 

Camprlllulaceac 

Lobelia inflata L. Indian tobacco 

Composilac 

Anthemis nobilis L. Russian chamomile 
Artemisia ;\bsinthium L. \\'ormwood 
Artemisia Cina Berg. Lcyant wormseed, Santonin 
Artemisia Dracunculus L. Tarragon 
Carthamus tinctorius L. Safflowcr 
Chrysanthemum cincrariaefolium (Trc\'.) Boec. Dalmatian insect flowers 
Chrysanthemum coccineum "'illd. Persian insect flowers 
Chrysanthemum :\Iarsehallii Aschers. Caucasian insect flowers 
Chrysothamnus sp, Rabbit brush. Chrysil rubber 
Cichorium Endiyia L. Endive 
Cichorium Intybus L. Chicory 
Cynara Seolymus L. Globe artichoke 
Dahlia pinnata Cay. Dahlia 
Guizotia abyssinica (L. L) Casso Xiger-seed 
Helianthus annuus L. Sunflower 
Helianthus tuberosus L. Jerusalem artichoke 
Lactuca sativa L. Lettucc 
Lactuca Scariola L. Wild lettuce 
:\Iatricaria Chamomilla L. German chamomile 
Parthenium argenta tum A. Gray. Guayule 
Solidago Leavenworthii T. & G. Gol<lenrod 
Tanacetum vulgare L. Tansy 
Taraxacum kok-saghyz TImlin. Ru'Sian dandelion 
Taraxacum officinale \\'eher. Dandelion 
Tragopogon porrifolius L. Oyster plant. Salsify 
Trilisa odoratissima (Walt.) Casso Deer's tongue. Wild \'llllilla 

SUPPLEMENTARY LIST 

J[ enispermaceae 

Ahuta sp. Curare 
Chondodendron tOlllentosulll Ruiz & Pay. Curare 
Cocculus sp. Curare 

Erylhroxylaceae 

Erythroxylon Coca Lam. Coca 

Zygophyllaceac 

Guaiacum oflicinalc L. Lignum vitae 
Guaiacum sanctum L. Lignum vitae 
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LIST OF VISUAL MATERIALS 

The visual materials listed below and on the following pages are suggested by the 
publishers to be user! to supplement the subject matter of this book. It is recom­
mended, however, that each film be reviewed before using in order to determine its 
suitability for n particular class or group. 

Both motion pictures and filmstrips are included in this list of visual materials, 
and the character of each one is indicated by the self-explanatory abbreviations 
"i\IP" or "FS." Immediately following this identification is the name of the pro­
ducer; and if the distributor is different from the producer, the name of the distributor 
follows the name of the producer. Ahbrevia tions are used for the names of producers 
and distributors, and these abbreviations are identified in the list of sources (with their 
nddresses) at the end of the bibliography. . 

Unless otherwise indicated, the motion pictures listed in this bibliography are 
16-mm. souud films mid the filmstrip's are"35-mm. silent. 

Blue Lupine C\IP; USDA; 15 min). How to plant, harvest, clean, store, and care 
for blue lupine, a nitrogen-producing cover crop used in the South. 

Breeding Better Food Crops (l\IP; Nat Onr Bur; 20 min). Methods used in the 
production of vegetahie seeds. 

Cal~fornia's Golden JJagic (i\IP; i\lutunl Ornnge; 30 min). Cnlifornia citrus indus­
try; history; care of groves; picking the fruit; washing, drying, waxing, and packing. 

Coconut Tree: Source of lYealih C~lP; FO-;'\'; 10 min). Coconut tree-uses and 
importance to India's economy. 

Corn Chemurgy in Action (FS; Creative; 36 fr). The making of both food and 
IlIm-food' products out of corn. 

Crops of the Americas (FS; USDA/Photo; 41 fr). Variety of products of South and 
Central America which are used in trade with the United States. 

Crystal of Energy (ZlIP; Sugar; 15 min). Hole of sugar in human nutrition and in 
the economy of many sections of the United States. 

Date Culture in Ihe United States (i\lP; Hoefler; 11 mill). Background of date 
growing ill Coachella Valley in California; cycle of date culture from raw land to 
packaged dates. 

Dates and Palms (MP; UWF; 16 min). Sho,\"s steps in the growing of date palms 
in Spain. 

European Timber Trees: Selecled Types and Their Characteristics (FS; Filmette; 
55 fr). Photographs of forests nnd individual trees "'ith close-ups of foliage, trunks, 
and some cross sections of typical European timber trees. 

From Singapore to Baltimore (FS; :'IcCormick; fr with nccompanying record; 
15 min). History and uses of spices and extracts. 

Gift of Green (:'IP; Sugar; 20 mill). Explains the process of photosynthesis hy 
means of anim[1tiuI\; shows how plants built food, particularly sugar, from water and air. 

Grain That Buill (l ffemisphere (:'IP; ITAA; 11 min). Importancc of corn to civili­
zation; historical de"e!opmcnt of corn; present-day cultivation; and the wide variety 
of usc.:, :Jf corn. Disney production. 

Green Gold (Bananas) (:'IP color; PAU; 11 min). COluprehensive view of the 
bunanf' i~dustry in Central America. 
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lIllY Is What 1'011 JIII/,C It C.\1P; USI)A; 18 min). Hay quality impro\' "1'0-

cutting at the right stage of growth; eurillg; retailling ll'an'~ for proteillb. 
Life Ihrolluh the Agcs (FS; l\Iaemillan; ,W frio lIo\\" planb and :tllimab 1)[\', e leI' 

reeord of their pabt in the fossils found in the earth's crust which are examples of Inc 
in the Paleozoie, l\I e,iO zoic . and Cenozoic P!"aS, 

NCII' Tob(/ccolallll, l/.S,A. (:0.11'; :o.Iodern; :10 min). Toha('('o-g;ro\\'ing areas in the 
U.S.; tobacco ey..!e: preparing soil, planting, ('uIti,'ating, han'{'sting, curing, and 
marketing. (Sponsored by Liggett and :o.Iyers Tobae('o Co.) 

Nomads of the Jungle (JIIIlaya) (:o.Il'; U\\'F; 20 mill). C]'('ates the illu~ion of 
actual participation in the e\'eryday life of a typical Ilomad family in the :\lalayan 
jungle. 

One Hllndred Jfillion Oranges (:0.11'; \Yurtele; 28 min). Orange growing in Florida 
from the deYclopment of the sapling to the canning and marketing of orange juil'e. 

Palmyra (:0.11'; CllIS; 10 mill). Exphills the ,,'caIth 01 this South lJl(liall trec in the 
uses made of its \'arious parts. 

Photosynthesis (:'11'; U\\'F; 20 min). Carhon dioxide entering plant structure of 
leaf and its conversion in ehloroplasts to oxygen; earhon built up into glu('ose; neces­
sity for chlorophyll and the proccss of glu('osc being "hanged to starch. 

Story of Banallas (1IP; PAU; 11 min). Tropil'al agriculture from selpdion of a 
plantation site for a banana plantation through the growing am! han'psting of hananas. 

Story oj Coffee (i\IP; PAT; 11 min). Brazilian ('oHce from the initial planting of 
selected seeds to the shipment of coffee for use around thc world, 

Systematic Botany (FS; Filmette). Scrips of six film"trips composed of photographs 
of different plant types. Identification appears in brief captions in French, German, 
J,atin, and English on cach frame. 

Blossoming Plants: Part 1 (9-1 fr). 
Blossoming Plants: Part 2 (79 fr). 
:1\eedle Trecs (67 Fr). 
Flowerless Plants: Seaweeds, :'Iosse8, Lichcns, etc. (62 fr). 
Flowerless Plants: :'Iushroollls (\)::1 fr). 
Botanical Geography (9::1 fr). 
Tea from the Empire (FS; BIS; ,J.! fr). Development of Britain's tea industries; 

production of tea. 
'roday in the Beet Fields of Europe (:'11'; I3SDF; :10 min). Shows \'arious aeti\'i­

tics of the sugar-beet industry in sc\'eral European countrics. 
Tropical Fruits (FS: Schick; 61 fr). Photographs of the following fruits in their 

native environment-banana, coconut, datcs, orange, papa\\', lemon, grapcfruit, 
pineapple, and tamarands. 

DIRECTORY OF SOURCES 

Allis-Allis-Chalmers Company, :'[ilwaukee I, \\,is. 
:\.lmanac-Almanac Films, Inc., 516 Fifth :\.\'e., Xew York 18. 
BIS-British Information Services, 30 Rockefeller Plaza, 1\ ew York 20. 
BSDF -Beet Sugar Devdopmcnt FoundatioIl, Box 5::1 I, Fort Collin,.;, Colo. 
Creative-Creative Arts Studio, Inc., 1200 Eye St. X.\\'., \\'ashington5, D.C. 
Filmette-Filmctte Company, 6:35 Riycrsirle Dr., Xc\\" York. 
FO:1\-Films of the ::\ations, Inc., 55 \\'. ci5th St., Xl'\\" York j\). 

GIIS-Government of India Informatioll Scn'icc~, 2111 :'las~aeh\lsetts Ave. N. IV., 
Washington 8, D.C. 
Hoefler-Paul Hoefler Prodndions, Inc., 612!1 Hidgeley Dr., Los Angeles 36. 
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.titute of Inter-American Affairs, 499 Pennsylvania Ave. N.IV., IVashingtoIl 
C. 

Gofll.lcK-:\lcCormiek and Company, Inc., 1\lcCormick Building, Baltimore 2, 1\ld . 
• \bcmillan-The l\lacmillan Company, GO Fifth Avc., 1I\C\\' York 11. 
i\Iodern-}Iodern Talking Picture Service, Inc., 45 .Rockefcller Plaza, ::\'ew York 20. 
}Iutual Orange-Mutual Orange Distributors, Redlands, Calif. 
Kat Gar Bur-Xational Garden Bureau, ·10T S. Dearborn St., Chicago 5. 
PAD-Pan American Union, \\'ashington G, D.C. 
Photo-Photo Lab, Inc., :'1825 Georgia Ave. X.W., Washington 11, D.C. 
Schick-Rudolph Schick, 700 Riverside Dr., New York 31. 
Sugar-Sugar Information, Inc., 52 IYall St., ::\'ew York 5. 
lISDA-U.S. Departmcnt of Agriculture, IYashington 25, D.C. 
UWF-Unitcd \Yorld Films, Inc., 1445 Park Ave., Xew York 29 . 

. \\'urtele-\\'urtclc Film Productions, P.O. Box 504, Orlando, Fla. 
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A 

Abaca, 20, 34-36, 501 
Abies alba, 114, 167, 4a6 

ba/samca, 90, 166, 229, 496 
conca/or, 90, 229, 496 
grandis, 90, 496 
lasiocarpa, 496 
magnifica, 90, 496 
nobilis, 496 
pectinata, 496 
procera, 1l0, 496 

Ahiurana, 148, 516 
Absinthe, 257, 4113 
Abula, 248, 520 
Almti/on Avicennae, 513 

Theophrasti, 33, 513 
Acacia, 182 

arabica, 507 
Caleclw, 128, 507 
dealbata, 507 
decurrens, 121, 507 
• var. dealbala, 121, 507 

var. mol/is, 121, 507 
Farnesiarw, 182, 507 
lIlelanoxylon, 117, 507 
nilotica, 121, 160, 507 
pycnantha, 121, 507 
Senegal, 151, 152, 507 

Acaroid resins, 160 
Accr macrophyliwll, 100, 512 

nigrum, 217, 512 
pseudoplatanlls, 114,.512 
rllbrllln, 100, 512 
saccharinlllll, 100, 512 
saccharum, 1l8, 100, 21 i, 218, 230, 512 

Accraceae, 512 
Achira, 368, 5rn 
Acllras Zapota, 148, 14!l, 433, 516 
AcIc, 116, 500 
Aconit(', 244-245, 504 
AconitlUll N apelllls, 244, 504 
Acorn, 347, 35i 
Acorus Calamus, 182, 500 

Adansonia digitaia, 231, 513 
Acrhmca magdalenae, 40, 500 
Aesculus octandra, 106, 512 
Afralllolllum JIe/egueia, 458,501 
Agar, 244, 263, 294, 2115 
AgariclLs campestris, 292, 495 
Agathis alba, 155, 4a6 

lIlLstralis, 117, 155, 156, 496 
Agave, 38, 4aO, 501 

atrOl'ircns, 4a1, 501 
Caniala, 37, 501 
jOllrcroydes, 36, 37, 501 
Fun/dana, 37, 501 
Lecheguilla, 37, 501 
Letonac, 36, 501 
sisalina, 36, 501 

Agave fibers, 20, 36-38 
Agrostis alba, 344, 497 
Aizoaceae, 504 
Akund, 4a, 517 
Alaria cscllienia, 295, 4a5 
Alcohol, ethyl, 226, 239, 484 

industrial, 22G, 23!l, 306 
methyl,226 
wood, 80, 226 

Alcoholic beyerages, 484--493 
Alder, 115 

black, 114, 502 
red, 106, 502 

Ale, 489 
Aleppo galls, 12-!, 125 
A/curiies cordata, 511 

Fordii, 193, 1a-!, 511 
1IIolllccana, laG, 511 
montana, 193, 511 

Aleurone, 12, 2a7, 307 
Alfalfa, 221, 287, 28a, 34-1, 509 
Algae, 263-264, 2a3-295, 495 
Algaroba, 345-3-!6, 4!l1, 509 
Algarobilla, 124, 508 
Algin,2G4 
Alizarin, 131 
Alkaloids, 15 
Alkanna, 127, 131, 518 
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Alkanl1a tinctoria, ]31, 518 
Alligator pear (avocado), 201, 287, 37U-

380, 505 
AlliulIl ascaloilielllll, 372, 500 

Cepa, 371, 372, 500 
Porrlllll, 372, 500 
satil'ulIl, 372, 500 
SChoclloprasllm, 372, 500 

Allspice, 287, 437, 438, 447-148, 515 
:\lmond, 201, 287, 289, 348, 356-357, 467, 

507 
bitter, 177, 356-357, 4U3, 507 
green, 357, 512 
Java, 354, 510 
sweet, 356, 507 

Aillus gilitinosa, 114, 502 
rubra, 106, 502 

:lIoc barbadensis, 252, 500 
jerox, 252, 500 
Perryi, 252, 500 
rera, 500 
I'ulgaris, 500 

Aloes, 17·1,242, 252, 500 
green, 38, 501 

Alpha cellulose, 234 
.1lpinia Galanga, 439, 501 

o.[ficinanlll1, 43\1, 501 
Amanita lIluscnria, 283, 495 
Amaranlhaccae, 504 
.1marantlws gangclicus, 379, 504 
Amaryllidaceae, 20, 501 
Ambarella, 426, 512 
Amber, 153, 158, 497 
Amber oil, 158 
Amhergris, 178 
Ammoniaclllll, 172-173, 515 
• 111101l1I11n, 458, 501 
.t1myris balsamljera, 172, 510 

ele III Ijera, 172, 510 
Anacardiaceae, 153, 406, 511 
Anacardl:wn occidentale, 349, 350, 511 
Ananas comOSllS, 40, 431, 500 

sativus, 500 
Andean tubers, 368, 369 
Andropogon, 183 
Anelhum graveolens, 456, 515 
Angelica, 438--439, 515 
Angeliea Archangelica, 438, 515 
Aniba panllrcnsis, 187, 505 

rosaeodora val'. amazonia, 187, 505 
Anil, 129 
Anime,l54 

Anise, 188, ·15·1, 455, ·1(13, ii. _ 
star, 452--4.'53, 50;' 

Annatto, 127, 135, 514 
Anllolla, 417 

CherilllOlia, 417, 505 
IIwricala, ·118, 505 
reticulala, 418, 505 
sqllalllosa, 417, 505 

Annollaceac, 406, 418, 505 
Anogeisslls lalljolia, 153, 515 
Anthcmis nobilis, 257, 520 
Anlhriscus CerejolfullI, 467, 515 
Anliaris loxicaria, 50, 503 
Antihiotics, 2Gl-262 
AIllI, 368, 3GB, 510 
Aperitifs, 493 
Apium gral'eolcns, 376, 515 

yar. dulce, 376, 377, 455, 45G, 515 
yar. rapaCCUIIl, 377, 515 

Pelroselillum, 516 
Apple, lOG, 199, 287, 289, 385, 387-389, 

484, 489, 492, 507 
crab, 389, 507 
golden, 42G, 512 
mammee, 428, 513 
mountain, 423, 515 
Otaheite, 426, 427, 512 
rose, 423, 515 
star, 433, 516 

Applejack, 389, 492 
ilpocynaceac, 135,517 
Apocynum cannabinlOn, 34, 146, 517 
Apricot, 177, 199, 287, 385, 391, 4U2, 507 
Aq1l1foliaceae, 512 
A racea e, 500 
Arachis hypoqaea, 200, 341, 342, 507 
Araliaccae, 515 . 
Aramina, 34, 513 
Arallcaria angllslijolia, 107, 496 

arallcana, 107, 496 
brasiliana, 496 . 
CUlIninghamii, 117, 496 
imbricala, 496 

Arbor vitae, 88, 497 
Archangelica ojficinalis, 515 
Archil, 134, 495 
Llreca Calechu, 276, 499 
Areca nuts, 276 
Arenga pinnala, 218, ,lUI, ,199 

sacchanjera, 4U9 
Argelllone mexicana, 199, 505 
ArgeIIlone oil, 199 
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({ ·.iipatlujo/ia, 44 J, .505 
,505 
368, 515 

'ucacza xallihorrhiza, 368, 515 
,\rrack, 21\), 351, 491 
Arrowroot, 224, 501 
Arrowroot starch, 221, 223, 22·1, 368 
Artemisia Absinthium, 257, 520 

Cina, 258, 520 
Dracunclilu8, 466, 520 

Artichoke, globe, 287, 289, 373, 520 
Jerusalem, 220, 287, 365-366, 520 

Artificial fabrics, 238 
Artificial fibers, 51, 234-237 
Artocarpus alti/is, 380, 503 

communis, 503 
helerophyilu8, 381, 503 
integra, 503 

Arundinaria, 47, 497 
Asafetida, 173, 516 
Asc/epiadaceae, 517 
Asclepias cllrassavica, 49, 517 

incarnaia, 49, 517 
subulata, 146, 517 
syriaca, 34, 49, 517 

Ash,45, 54, 64, 70, 71, 73, 85, 95-96,114, 
115, 517 

black, 96, 517 
blue, 96, 517 

• green: 96, 517 
manna, 220, 517 
Oregon, 96, 517 
red, 96, 517 
white, 56, 73, 96, 517 

Asimina triloba, 429, 505 
Asparagus, 287, 28\), 372-374, 500 
Asparagus officinalis, 373, 500 
Aspens, 85, 102, 22\), 232, 502 
Aspidium, 264 
Assam rubber, 141-143, 503 
Astragalus gummifcr, 151, 507 
.. 1sirocarywn JIUTlllIlUrU, 204, 4\)\) 

Tucwna, 204, 4\)\) 
vulgare, 204, 4\)9 

Atropa BellrrdolUw, 252, 253, 518 
Atropine, 253, :i.:J7 
Allalea Cohunc, 499 

fumjera, 41, 4\)9 
Attar (or otto) of roses, 179, 180, 447 
Aubergine (eggplant), 287, 382, 3\)9, 519 
Aurc'1mycin, 262 
Avaram bark, 121,508 

AVClla brcvis, 322, 323, 4\)7 
byzalllillll, 323, 4\)7 
failla, 322, 4U7 
nuda, 323, 4!)7 
orientalis, 323, 4\)8 
saliva, 322, 323, 4\)8 

Averrhoa Bilimbi, 434, 50!) 
Carambola, 434, 50\) 

Avocado, 201, 287, 37!)-380, 505 
Ayahusca, 283, 511 

B 

Babassu oil, 203 
Balml, 121, 507 
Bacillus brevis, 262, 4\)5 

polymlxa, 262, 495 
suutilis, 262, 4\)5 

Bacitracin, 262 
Bagasse, 212, 213, 231 ' 
BalanocarpU8 Heimii, 157, 51,! 
Balata, 148, 516 
Balm, 462,.518 
Balsa, 60, 108-lOll, 513 
Balsam, Canada, 166, 1(j7 

copaiba, 167, 170, 508 
gurjun, 171, 514 
illurin, 171, 508 
lIecca, 172, 511 
Oregon, 166 
of Peru, 168-169,509 
of Tolu, 16\), 50!) 

Balsam fir, 62, 85, 90, 166, 229, 232, 496 
Balsam poplar, 85, 102, 502 
Balsams, 167-170, 178, 252 
Bamboo, 44, 46-47, 231, 498 
Bambusa, 47, 498 

Tu/da, 47, 498 
Banana, 231, 287, 289,386,414-417,491, 

501 
dwarf, 416, 501 

Banisleriopsis Caapi, 283, 511 
incbrians, 283, 511 
l]uilcllSis, 283, 511 

Baobab, 231, 513 
Baphia nitida, 129, 508 
Barbacloes aloes, 252, 500 
Barbasco, 266, 508 
Barcelona nuts, 353 
Barley, 44, 231, 287-290, 2(l6, 319-321, 

472, 484, 488, 492, 498 
Barosma bellliina, 254, 510 
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Barosma erellil/ala, 254, 510 
serralljo/ia, 254, 510 

Barwood, 127-1Zn, 50U 
Basel/aceae, 50-1 
Basil, 4G2----4G3, 518 
Baskets, ,15 
Bassia fat, 205, 516 
Basswood, 62, 70, 75, 78, 85, nll, 115, 51:~ 
Bast fibers, 20, 2G-34 
Bay, oil of, 184,448, 515 

sweet, 465, 505 
Bay rum, 184 
Bayberry, 207, 208, 502 
Bdellium, 174, 510, 511 
Beach plum, 394, 395, 507 
Bean, adsuki, 339, 509 

bonavist, 343, 50S 
broad, 287, 2S!), 336, 341, 50n 
castor, 201, 511 
garden, 338, 509 
horse, 341, 343, 508 
jack, 343, 508 
kidney, 287, 289, 338 
lima, 28!), 338-33ll, 50!) 
mung, 336, 339, 50!) 
rice, 339, 509 
scarlet runner, 33n, 509 
shell, 338 
sieva, 339, 500 
snap, 338 
soy, 1!)2, 194, 195, 287, 28n, 340-341, 

508 
vel\-et, 336, 343, 50U 
Windsor, 341, 509 
yam, 368, 50\) 

Beech, 54, 64, 67, Gn,' 70, 72-75, 7ll; 85, 
!)G-98, 114, 230, 357, 503 

blue, lOG, 502 
European, 357, 503 

Beechnu~, 357 
Beer, 258, 30G, 48S--489 

birch,490 
root, 484, 490 

Beet, 287, 3GO, 37!) 
garden, 214, 3GO, 50-1 
sugar, 210, 214-217, 231, 3GO, ,504 

Bell pepper, 449, 51S 
Belladonna, 244, 252-253, 518 
Ben, oil of, 201 
Benzoin, 169-170, 178, 517 
Berberidaceae, 505 
Bergamot, 178, 182, 410, 510 

Bergamot, oil of, 178, 182, ll.O,··11O 
Berries, 3()\)--105 
BcrtilOl/riia CXCC/SIl, 3·18, :3-J!), 5H 
Bela lIIarilillla, 21-1, 360, 50·1 -., 

viligaris, 2U, 360, 504 
var. Ciela, 360, 504 

Betel, 2G8, 275-271i 
Belli/a alba, 502 

ICllia, 97, 4G7, 502 
llitea, 55, n7, 230, 502 
papynJaa, 97, 502 
pClIlill/a, 114, 502 
pl/heBeens, 114, 50Z 

Belldaceae, 502 
Beverages, 4G8----493 

alcoholic, 484----493 
cola, 484 
distilled, 491--492 
fermented, 485-4!)1 
malt,48-1 
nonalcoholic, 468--484 

Big Tree, 87, 94, 497 
Bignolliaceae, 519 
Bilimbi, 43-l, 50!) 
Birch, 54, 64, 68-70, 75, 76, 78, 79, 97, 

n8, 114, 115, 121, 230, 502 
blaek, 97, 490, 502 
paper, 85, 97, 502 
sweet, 177, 467, 502 
white, 97, 502 
yello\\-, 55, 73, 85, 97, 502 

Birch beer, 490 
Bitter almond, 35G-357, 507 

oil of, 177, 357, 493 
Bitter apple, 25!l, 5Hl 
Bitterroot, 245 
Bitters, 493 
Bixa Orellana, 133,'514 
Bixarcae, 514 
Black gUill, 10·1, 516 
Blackberry, 287, 385, 3\)!), 400, 492, 507 
Blackthorn, 114, 507 
Blackwood, Australian, 117; 507 
Blaslopliaga pscncs, 420 
Blue gUill, 255, ;i15 
Blueberry, 287, 401-402, 511i 
Boehllleria nivea, 31, 32, 50-1 

var. /cnacissillw, 32, 504 
Bois dc rose, 187, 505 
BOlHbacaceac, 20, 513 
BOlllbax Ceilm, 513 
BO/'(1(1illllreae, 518 
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BOraSS1(~ jl('ncllljer, 42, 218, 4!H, 4DD 
Bordea\!x .urpentine, 1G7 
Borneu bilow, 205, 514 
Bnswellia Carten', 174, 510 

Frercana, 172, 510 
scrrala, ]GG, 5]0 -

Bouncing Bet, 20D, 504 
Bowstring hemp, 38, 3D, 500 
Boxes and cmtes, GD-70 
Boxwood, ]OD, 114, 511, 514-
Brambles, 400-401 
Brandy, 4D2 
Brassica ailm, 506 

campcsiris, ] DD, 3G2, 505 
call1ompa, 375, 506 
eliinellsis, 378, 50G 
hir/a, 437, ,lSD, 50G 
]uncca, 45\), 506 
N apobrassira, 3G2, 506 
Napus, 192, 199, '50G 
nigra, 437, 45\), 506 
oleraeea: 374, 50G 

yar. aeephala, 375, 50G 
vur. ba/ry/is, 375, 506 
var. capila/a, 375, 506 
var. gelll1ll1jera, 375, 50G 
v::,r. gOIl(/ylodcs, 375, 37G, 50G 

pekinensis, 378, 50G 
Napa, 19D, 3G2, 50G 

.Brazil tmt, 347-3-1\), 51-1 
Brazilette, 127; 508 
Brazilwood, 126-128, 508 . 
Breadfruit, 287, 28D, 380-381, 38G, 503 
Brewing, 488-48D 
Briar root, 114, 51G 
Broad bean, 287, 2S\), 33G, 341, SOD 
Broccoli, 372, 375-376, 50G 
Brome grass, 344, 498 
Bromeliaceae, 20, 500 
Bromelin, 432 
Brcmus hZr'rmis, 344, 498 
Broomcorn, 42-43, 325-326, 498. 
Broomroot, 43--14, 231, 4\)8 
Brollssonetia papyrifera, 50, 503. 
Brush fihers, 1!1, -11-44 
Brussels spro .. :~. 372, 374, 375, 506 
Brya EbclluP 100, 50S 
Buchu, 254, 510 
BUf·j.·"ye, 78, JOG, 512 
Buckthorn, 131, 132,248,512 
Buc);--,vlwat, 221, 287, 2SD, 296, 333-334, 

504 

Bullet wood, 148 
Bullock's heart, 41S, 505 
Bur clover, 344, 500 
Burgundy pitch, 167 
Bllrsera Alacoxyloll, 510 

Delpechiarlllm, 510 
(/Iabrifolia, 187, 510 
'(/zwlmijera, 172, 510 
penicillata, 187, 510 

Burscraceae, ]53, 157, 172, 174, 510 
Bu/ea jrondosa, 508 

lIlOliosperllla, 160, 162, 508 
Butternut, 105, 126, 35G, 502 
Blityrospermllln Parkii, 204, 516 
Blixaceae, 511 
Buxas sempervirens, 114, 511 

.C 

Caapi, 278, 2S3-2S4, 511 
Cabbage, 287, 2Sn, 3;2, ·374, 375, 506 

Chinese, 37S, 50G 
Cabbage palm, 42, 500 
Cabuya, 38, 501 
Cacao, 204, 2S7, 28D, 476, 477, 513 
Cae/aceae, 514 
Cactus, 2S2, 491 
Cadillo, 34, 513 
Caesalpillia brcvifolia, 12-1, 50S 

foriaria, 124, 508 
ccli ina/a, 128, 508 
Sappan, 12S, 508 
spinosa, 124, 508 

Caffeine, ]5, 277, ,lGS-484-
Cajan pea, 336, 343, 50S 
Ca]anlls.Cajan, 160, 336, 343, 508 

indiells, 50S 
Calallllls, 46, 4DD 

Draco,4UD 
Calamus root, 182, 18:j, 467, 500 
Cala/hea Ili/ca, 207, 501 
Cal/itris, ]61 

qzwdrimll'is, 161, 497 
Calocarpzun Sapo/a, '133, 516 
Caloplzylllllll illophyl/Ilm, IHl, 513 
Calolropis (/i(/(I11 IC(I , 4\), 517 

proeera,' 49, 517 
CalycophyllmlL Cflllriidissill!lllll, 110,519 
Camelina oil, 199 
Came/ina salim, 19n, SOG 
Camellia Sasan'll/a, 201, 513 

sinensis, 473, 513 
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Campanu/aceae, 520 
Camphor, 188-190, 244, 505 

Borneo, 190, 514 
Camwood, 128-12U, 508 
Canada balsam, 166, 167 
Canaigre, 124-125, 504 
Canal/{}a odorata, 181, 505 
Cananga oil, 182 
CanariulII commune, 354, 510 

/llzoniClun, 172, 510 
ol'alulII, 354, 510 
strictum, 157, 510 

Canara/ia cnslformis, 343, 508 
Candelilla wax, 206,,511 
Candlenut, 196, 511 
Candlenut oil, 1U6 
Canistel, 433, 516 
Canna cdu/is, 224, 368, 501 
Cannabis, 242,268, 278, 281-282 
Cannabis satil'a, 28, 29,192,197,281,503 
Cannaeeae, 501 
Cantala, 37, 501 
Cantaloupe, 199, 390 
Caoutchouc (see Rubber) 
Cape aloes, 252, 500 
Capers, 445, 505 
Capparidaceae, 505 
Capparis spinosa, 445, 505 
Caprifigs, 420-422 
Capsicum, 437, 448-450, 484 
Capsicum anlZll1Un, 449, 518 

jrutescens, 437, 449, 518 
var. grosswn, 449, 518 
var. /on{}um, 449, 450, 518 

Carambola, 434, 509 
Carapa fat, 204 
Carapa {jllianensis, 110, 204, 511 

mO/liccellsis, 204, 511 
Caraway, 188, 454-456, 493, 515 
Carbohydrates, 9-11, 290, 297, 357, 359, 

386 
Cardamom, 175, 276, 437, 458, 501 
Carica Papaya, 429, 430, 514 
Caricaccac, 514 
Carissa grandlfolia, ·135, 517 
Car/udol'ira pa/lIlata, 44, 500 
Carnation, 185, 447, 504 
Carnanba wax, 206, 207 
Caroa, 41, 500 
Carob, 153, 28!l, 34G, 347, 508 
Carpinus Belli/liS, 114, 502 

caTo/iniana, 106, 502 

Carrageenin, 295 
Carrot, 210, 287, 289, 360-:';111. 
Carthamlls tilletorills, 131, 132, ' 

520 
Carum Carl'i, 454, 455, 515 
Carya alba, 502 

g/abra, UU, 502 
iilinocnsis, 354, 502 
/acin ioS(!, 354, 502 
Ol'ata, !l9, 353, 502 
Pecan, 502 
lomenlosa, UU, 502 

Caryophyllaccac, 504 
Caryoia lircns, 42, 218, 499 
Ca~cara, 244, 246, 248, 512 
Cascaria praecox, 514 
Cashew, 349-350, 511 
Casillliroa edu/is, 435, 510 
Cassaya, 364-365, 480, 491, 511 
Cassava starch, 224 
Cassiu, 188, 242, 437, 442-443, 505 
Cassia aClitl/o/ia, 257, 508 

an{}lIsilfolia, 257, 508 
auriclI/ata, 121, 508 

Cassie, 17G, 179, 182, 507 
Cassine, 482-483, 512 
Caslanea crena/a, 358, 503 

den/ala, 55, !l9, 121, 358, 503 
salil'a, 114, 121, 358, 503 
vu/garis, 503 

Caslil/a elastica, 140, 141, 503 
U/ei, 140, 503 

Castilla rubber, 140, 141 
Castor bean, 201, 511 
Castor oil, 200-201 
Catalpa, 106, 519 
Catalpa speciosa, 106, 519 
Catechu, 128, 507 
Calha edlilis, 481, 512 
Catnip, 467, 518 
Cattuil, 49, 497 
Cauassu wax, 207 
Caucho rubber, 140, 503 
Cauliflower, 289, 372, 375-376, 506 
Callra ruhher, 14G, 511 
Cayenne pepper, 4·1!l, 518 
Ceara ruhher, 141, 142, 511 
Ceciar, G2, 71, 72, 74, 88-89, 115, 175, 

49(\, 511 
Alaska, 88, 49G 
cigar-box, 109, 511 
eastern red, 88, 190, 4\J(i 
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"C, 87, 88, -1!J6, 503 
'CIll, 116, 511 
-n white, 72, 77, 85, 88, -197 
rforel, 75, 88, -1g6 

~ouLh('rn white, 77, 86, 88, -196 
Spanish, 10!J, 511 
western red, 72, 77, 78, 87, 8g, -197 

Cedarwood oil, 177, 190 
Cedrela odora(a, 109, 511 

Toono, 116, 511 
Cedrus deodara, 116, -190 
Ceiba aCWllina(a, -19, 513 

aescllllfolia, -19, 513 
penlandra, -17, -18, 513 

Celaslraceae, 512 
Celeriac, 377, 515 
Celery, 287, 289, 372, 376-377, -155, 456, 

515 
Cellophane, 239 
Celluloid, 238 
Cellulose, 7, 8, 10, 226-231, 23-1-237 

alpha, 23-1 
regenerated, 237 

Cellulose hydrolysis, 239 
Cellulose products, 220-239 

acetate, 239 
nitrate, 237-238 

Cellis occidentalis, 100, 503 
.Cephaciis Ipecacuanha, 24(), 519 
Ceratonia Sili'l1la, 153, 346, 347, 508 
Cereal straw, 44, 45, 49 
Cereals, 199, 2\)0, 2Q1 ,.2!J0:-324, 488, 491 
&"riman,435:500 -
Ceroxylon anrlicola, 206, 499 
Chamaecyparis Lml'soniana, 88, 496 

nootkatensis, 88, 4110 
thyoides, 88, 496 

Chamaerops h1l1nilis, 50, 41l1l 
Chamomile, 257, 520 
Champa ~a oil, 187, 505 
Charcoal, 79-81, 125, 393 
Chard, 360, 503 
Chaulmoogra, 258-259, 514 
Chaulmoogra oil, 20G, 258-259 
Chayote, 381, 520 

Cherry, 97, 114, 11l1l, 287, 281l, 385, 392, 
492, 41l3, 507 

Barbados, 435, 511 
Japanese flo"'ering, 392, 507 
sour, 31l2, 507 
Surinam, 423, 515 
sweet, 392, 507 
wild black, 97, 507 

Cherry gum, 153 
Chervil, 467, 515 
Chestnut, 55, 70-72, 74, 85, Illl, 121, 126, 

287, 281l, 347, 358, 503 
European, 114, 121,358,503 
Japanese, 358, 503 

Chewing gum, 148-150,268 
Chicha,41l1 
Chick pea, 336-338, 508 
Chicle, 148-150, 516 
Chicory, 377, 472, 520 
Chilis, 449, 450, 518 
Chilte rubber, 146, 511 
China grass, 18, 32 
China\l'ood oil, 193 
Chinese green, 131 
ChiYes, 372, 467, 500 
Chloroga/wl! pomeridiml1llil, 209, 500 
Chloromycetin, 262 
Chlorophora linctoria, 128, 503 
Chlorophyll, 6, 13, 127, 12!J 
CMoroxy/on Swielcnia, 115, 510 
Chocolate, 476, 478, 471l 
Chondodendron tOlilentoswll, 2,18, 520 
Chondrus CriSpl/8, 294, 295, 4115 
Chorisia insignis, 49, 513 
Chrysanthemum cincrariaefoliUIil, '264, 

265,520 
coccincwl!, 265, 520 
J[ arschallii, 265, 520 

Chrysil rubher, 146, 520 
Chrysobalanlls Icaco, 425, 506 , 
Chrysop/tyllllll! Cainito, 433, 516 
Chrysothalllll11S, 146, 520 
Cicer arictilllllll, 336, 337, 508 
Cichori1l1n Endit,ia, 377, 520 

Intybus, 377, 520 
Cider, 381l, 484, 481l 
Cigarettes, 273-274 

.' Cigars, 273 
Checkerberry, 46G, 516 
Chenopodiaceae, 504 
Chenopn,/i1I1n ambrosioides var. anthel- Cinchona, 248-251, 287 

minticulll, 2GI, 504 
Quinoa. 33-1, 50-1 

Cherimoy:.t, 417, 505 

Cinchona Calisaya, 248-250, 519 
Ledgcriana, 248, 519 
officinalis, 248, 51!} 
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Cinchona pitaycnsis, 250, 5Hl 
succirubra, 248, 51 \) 

CinnanlO1Ilwn BUl'lIIannii, 443, 505 
Call1p/zora, 188, 18U, 505 
Cassia, 437,442, 505 
LOllrcirii, 4·1-1, 505 
.II assoia, 443, 505 
Olil'eri, 443, 505 
'1'a 111 ala , 443, 505 
zcylaniculII, 137, 443, 444, 505 

Cinnamon, 175, 188, 275, ·137, 4·13-444, 
505 

Chinese, 442 
Cireassian walnut, 114 
Citron, 405, 413-414, 510 
Citron melon, 3U7, 51() 
Citronella, oil of, 183, 4U8 
Citrul/lis Colocynthis, 251l, 519 

l'ulgaris, 3U7, 51 U 
var. citroides, 3!)7, 511l 

Citrus auranil/olia, 411, 510 
Aurantill1ll, 182, 40!), 510 

subsp. Bergalllia, 182,410,510 
Bergam/a, 510 
gram/is, 414, 510 
Limon, 411, 510 
Li1llonia, 510 
maxima, 510 

var. uvacarpa, 510 
111 edica, 413, 510 
nobilis, 410, 510 
paradisi, 410, 411, 510 
reticillata, 410, 510 
sinensis, 182, 'lO8, 510 

Citrus frnits, 1\)\), 221, 405-414 
Citrus hybrids, 414 
Civet, 178 
Clary sage, 178, 188, 457, 518 
Clavieeps purpurea, 253, 495 
Clove oil, 177, 11l0, 445, 4113 
Clover, 221, 34·~, 509 

alsike, 344, 509 
bur, 344, 509 
crimson, 34·1, 509 
red, 344, 509 
sweet, 344, 509 
white, 344, 509 

Cloves, 177, 188, 275, 437, 445--445, 515 
Club moss, 25·1, 49fi 
Cnidoscolus, 146, 511 
Coal, I), 54, 55 
CoL nuts, 353 

Coe:!, 253, 2G8, 27S-27!l, 33:3, 520 
Cocaine, 253, 25-1, 278, 27\) 
Coecolaba IIvl/cra, lfi2, 504 
Caceulu8, 248, 520 . " . 
Cachlospctllwccae, 514 
Cuch/aSp1'r1ll11l1l GU'i'ypilllll, 514 

re/i(l i08 II III , 4\), 153,51·1 
Coco plum, 425, 50fi 
Coeoa, 204, 4G8, 476-470, 513 
Cocoa butter, 20-1, 47!l 
Corobolo, 110, 508 
Coconut, 20, 30, -10, 201, 218, 21!), 3,18, 

350-353, 38G, 499 
Coconut oil, 201-202 
Cocos nlln/em, 40,201,218, 2U), 350, -191, 

490 
Cocus woo(l, lOll, 508 
Codeine, 2GO, 281 
Coeiococclis (1111 ira I'll III , 499 
CojJea,451l 

arabica, 45!J, 470, 511l 
liberica, 451l, 51!) 
rolmsta, -!(i\) , 51!) 

Coffee, 287, 4G8--472, 519 
Coffee trec, 105, 508 
Cohunc oil, 203, 204 
Coil', 39, 40, 230, 351 
Coix, 288 
Coix LaehrYlIla-Jobi, 332, 498 
Coke, G5 
Ccla, 2G8, 277, 4G8, 481, 484, 513 
Cola (lcuminata, 513 

nitiria, 277, -cl81, 513 
Cola bc\'cragcs, 484 
Colchicine, 245 
Colchicum, 245, 500 
Colchicum autullmalf, 245, 500 
Colewort, 374 
Collards, 375 
Collodion, 238 
Coloeasia antiljUorlllll, 370, 500 

esclilenta, 370, 500 
Colocynth, 25\), 511l 
Colophon}", IU5 
Colza oil, 1\)1l 
COlllbretaccae, 515 
COliwziphora ajrirana, 174, 510 

erythraeae, 173, 511 
Kataj, 174, 511 
11[1I/;ul, 174, 511 
l1Iyrrha, 173,511 
Opobalsamulll, 172, 511 
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COlllposil«c, 175, 520 
Condiments, 438 
COIll'allaria majalis, 188, 500 
C(Jrd'olvulnceae, 518 
Coonprage, 72-73 
Copaiba, liO-171, 508 
Copaiba balsam, 167, 170, 508 
COPQJjera conjllngala, 15,1, 508 

copallifera, 155, 508 
Demellsii, 155, 508 
Gorskiana, 508 
Guiboriiana, 508 
IllOpane, 155, 508 
ojficinalis, 170, 508 
reliculala, 170, 508 
Salik01mda, 155, 508 

Copals, 154-156, 508 
kauri, 155, 156 
:\Ianila, 155-156 
South American, 111, 156 

Copernicia cerifera, 206, 207, 499 
Copra, 201, 351-353 
Coquilana, 148, 516 
Corchorus capslliaris, 30, 513 

o/ilorius, 30, 513 
Cordials, 493 
Coriander, 455, 456, 493, 515 
Coriandrllm sativll1n, 455, 456, 515 
Cork, 81-83 
Corn, I-ndian, 198, 306-314, 499 

(See also i\Iaize) 
Corn husks, 49 
Corn oil, 11)8 
Corn starch, 221, 222, 225, 226 
Cornaccae, 516 
Comus florida, 106, 516 
Coriinelius Berkeleyanus, 41)5 

edodes, 21)3, 41)5 
Cortisone, 261 
Corylus americana, 353, 502 

Are:iana, 114, 353, 502 
comuia, 353, 502 
maxima, 353, 502 
rosiraler, 502 

Colinus Coggygria. 128, 511 
Cotton, 18, 20-2:~, 44, 228, 230, 235, 287, 

281), 513 
Asiatic, 22, 25, 513 
EgYF'ian, 22-34, 513 
mercerized, 26 
sea-ioland, 22. 23, 513 
tree, 25, 513 

Cotton, upland, 22, 24-25, 513 
Cotton industry, 25 
Cotton linters, 26, 234, 237, 238 
Cotton staples, 22 
Cottonseed oil, 26, 197-11)8 
Cottonwood, 75, 78, 102, 502 
Cowna macrocarpa, 150, 517 
Couraiari Tauari, 50, 514 
Cowpea, 336, 340, 509 
Crahwood, 110, 511 
Cranberry, 287, 402, 516 
Cream nuts, 348 
Crin yegetal, 50 
Crocus, saffron, 131, 446, 501 
CrocllS salivlls, 131, 446, 501 
Croialaria juncea, 32, 508 
Croton, 511 
Croton oil, 11)9, 260 
Croion Tigliwn, 260, 511 
Crueiferae, 505-506 
Crypiosiegia grandiflora, 145, 517 

madagascariensis, 145, 51'1 
Cuba bast, 50, 113, 513 
CuM, 266, 267, 508, 509 
Cubebs, 259, 467, 502 
Cucumber, 287, 381, 519 
Cucumber tree, 106, 505 
Cucllmis Angllria, 381, 519 

J[ cia, 31)6, 519 
salivus, 381, 519 

CUCllrbita ficifolia, 383, 519 
maxima, 383, 519 
mixla, 382, 519 
moschaia, 382, 383, 519 
Pepo, 382, 383, 511) 

Cucurhitaceae, 519-520 
Cudbear, 127, 134, 495 
Cumin, 455, 456, 515 
Cwnin1l1ll Cyminu71l, 455, 456, 515 
Curare, 248, 517 
Curarine, 248 
Curcuma angllstifolia, 224, 501 

longa, 130, 131,442,501 
zedoaria, 442, 501 

Currants, 287, 391), 402-403, 506 
Curry, 442 
Custard apple, 417-418 
Cutch, 127, 128 

black, 128, 507 
white, 123, 124, 128, 519 

Cybislax Donneli-Smiihii, 113, 519 
Cycadaceae, 41)6 

537 
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Cycas circillalis, 153, 496 
Cycas gum, 153 
Cyrianlhaceac, 500 
Cydonia oblonga, 391, 506 

vulgaris, 506 
CYlllbopogon, 183 

citratus, 183, 498 
J[ aTtinii, 184, 498 
Nardus, 183, 498 

CYllara Seo/Ylllus, 373, 520 
Cyperaeeae, 499 
CypeTus Papyrus, 231, 499 

tegetijorlllis, 45, 499 
Cyphomandra betacea, 435, 518 
Cypress, 62, 70-74, 77, 86, 89, 90, 497 

D 

Dacrydillln cuprcssinwn, 117, 496 
Daetylis glolllerata, 344, 498 
Daemollorops, 161 

Draco, 161, 499 
Dahlia, 220, 520 
Dahlia pin nata, 220, 520 
Dalbergia latljolia, 116, 508 

nigra, 113, 508 
retusa, 110, 508 
Sissoo, 116, 508 

Damar, 15fi-157, 510, 514 
Dandelion, 378, 520 

Russian, 144-145, 520 
Dandelion rubber, 144-145 
Daniel/a Ogea, 155, 508 

Olil'cri, 171, 508 
thunfera, 171,508 

Daphne cannaliina, 231, 514 
Dasheen, 368, 370, 500 
Date, 287, 386, 418-419, 499 

wild, 218, 499 
Datura, 284 

arborea, 284, 518 
inn oxia , 285, 518 
sanguinea, 284, 518 
Stramonium, 257, 284, 518 

Dallcus Carota, 360, 515 
Deal, white, 114 

yellow, 114 
Deer's tongue, 273, 520 
Degame, 110, 519 
Dendrocalalll1l~, 47, 498 
Deodar, Ilfi, 4!l6 
Derris, 2fi5-26fi, 50S 

Derris elliptica, 265, 508 
tnfoliata, 2fi5, 508 
uliginosa, 508 

Dewberry, 287, 400, 507 
Dextrin, 225 
Dextrose, 220 
Dianthus Caryophyllus, 185, 504 
Digitalis, 2-14, 254-255, 519 
Digitalis pllrpurea, 254, 519 
Dill, 177, 456-457, 515 
Dillwrphandra J[ ora, 509 
Dioseorea, 364 

alata, 364, 501 
DioseoTcaeeae, 501 
Diospyros Ebellum, 115, 516 

Kaki, 430, 516 
virginiana, 107, 430, 516 

Dipteroearpaeeae, 115, 153, 157, 514 
Diptcrocarpus turbinatus, 171, 514 
Dipteryx or/orata, 162, 453, 462, 508 

oppositlfolia, 453, 462, 508 
Diyi-divi, 124, 508 
Dogwood, 106, 516 
Doliehos Lablab, 336, 343, 508 
DaTema Ammoniacllm, 172, 515 
Dothidella [llei, 138 
Douglas fir, 64, 66-68, 70, 72-75, 87, 89, 

90, 166, 497 
Draeacna, 161 

Cinnabari, 161, 500 
Dragon's blood, 161, 499, 500 
Drug plants, 242-264 
Drying oils, 193-197 
Dryobalanops aromatica, 1\)0, 514 
Dryopteris Filix-J[ as, 264, 496 

marginalis, 264, 496 
Duboisia Hopwoodii, 285, 518 
Dulse, 294, 2!l5, 495 
Durian, 419-420, 513 
Durio ziiJethinlls, 419, 513 
Durra, 326-327, 498 
Dyera costulata, 148, 517 
Dyes, 13, 126-134 

E 

Earth vegetables, 359-372 
Ebenaccac, 516 
Ebony, AnH'rican, 109, 508 

:'IIaeassar, 115, 516 
Eeelilll/sa Balata, 148, 516 
Echillochloa colona, 32!:J, 4!:J8 
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{lis-galli, 32rJ, 4a8 
Jiull1cnlncea, 32a, 4U8 

Edgelnrlilia Gardllai, 514 
lJapynfera, 514 

'" ·>.·.Iosa, 231, 514 
Egg fruit, 433, 516 
Eggplant, 287, 382, 3ag, 51a 
Einkorn, 2a7-2aa, 4aa 
Elaeis gllillcensis, 202, 41l1, 41la 
Elemi, 171-172, 510, 511 
Eletlaria CardamolllU1ll, 437, 458, 501 
Eleusille coracana, 330, 4a8 
Elm, 54, 70, 72, 73, 85, 1l9, 100, 114, 503 

rock, Illl, 503 
slippery, 251, 503 
white, aa, 100, 503 

Emmer, 2a8, 2aa, 41la 
Endive, 287, 377, 520 
Enfieurage, 176 
EnterolobiU1n Saman; 509 
Enzymes, 16, 2aO, 488 
Ephedra, 251 
Ephedra eqllisetina, 251, 252, 497 

sinica, 251, 252, 497 
Ephedrine, 251, 252 
Epicampes nzacroura, 498 
Ergot, 263, "195 
Erica arborea, 114, 516 
Ericaeeae, 516 

• Erioboirya japonica, 424, 425, 506 
Erythroxylaceae, 520 
Erythroxylon Coca, 253, 278, 520 
Esparto, 208, 230, 499 
Essences, 438 
Essential oils, 13, 153, 154, 162, 175-190, 

244, 438 
Eucalyptus camaldulellsis, 162, 515 

dirersieolor, 117, 515 
dives, 190, 515 
g/obulus, 255, 515 
lI11rainata, 117, 515 
oceidenlalis, 121, 515 
rostrata, 515 

Eucalyptus oil, 177, 1\)0, 255-256 
Eucheitltlu spinoslIIll, 263, 4115 
Euchlaena mCl";'nana, 308, 4a8 
Eugenia C(lnrphyllJia, 445, 515 

calilifiora, 515 
D''''lbeyi, 423, 515 
J ambo/ana, 515 
Jal'!bos, 515 
unifiora, 423, 515 

Eugenol, 446, 454 
Euphorbia anlisyphililica, 206, 511 

Intisy, 145, 511 
Ellplwrbiaceae, 135, 511 
Evernia furfuracca, 186, 4U5 

pnmastri, 186, 4a5 
Excelsior, 78 
Exoaoniuln puraa, 246, 518 

Fabrics, 19 
artificial, 238 
natural,50 

Fagaceae, 503 

F 

Faaopyrllin escu/entlllll, 504 
sagittatllln, 333, 504 

Fagus arand1folia, a6, a7, 230, 357, 503 
sy/vatica, 114, 357, 503 

Farina, 305, 306 
Farinha, 364 
Fats, 12, 1a3, 201-206, 2aO, 348 
Fatsia papyriJera, 515 
Fatty oils, 12, 1\ll-206, 244, 25a, 260 
Feijoa, 423, 515 
Feijoa Sellowiana, 423, 515 
Fennel, 455, 457-458, 516 

Florence, 457-458, 516 
Fenugreek, 458, SOil 
Fermented beverages, 485-491 
Feronia gum, 153 
Feronia Limonia, 153, 510 
Fcrula assafoetida, 173, 516 

ga/banijlua, 173, 516 
Feterita, 326, 328, 4a8 
Fiber plants, 18-51 
Fibers, 7, 8, 18-51 

agave, 20, 36-38 
artificial, 51, 234-237 
Dast, 20, 26-34 
brush, Ill, 41-44 
filling, 19, 47-50 
hard, 20, 34-41 
hut, 44 
long, 20 
mixed,20 
pupermaking, 19, 51 
plaiting, Ill, 44-47 
protein, 51, 313, 341, 342 
rough weaving, la, 44-47 
soft, 20, 26-34 
structural, 34-41 
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Fibers, slIrface, 20-26 
textile, 18-41 
wood, 6-8, 20, 53, 5-1, 228-230 

Ficlls Carica, 420, ·121, 503 
elaslica, 141, 142, 503 
Nekillulll, 50, 503 
reliyiosa, 160, 504 
Illilis, 503 

Fig, Hl7, 287, 28U, 386, 420-422, 503 
Filbert, 201, 347, 353, 502 
Filling tibers, lU, 47, 50 
Finochio, 458, 516 
Fique, 38, 501 
Fir, UO, 115, 4U6 

alpine, 87, 4U6 
balsam, G2, 85, DO, IG6, 22\), 232, 4D6 
lowland white, DO, 4UG 
noble, DO, 4D6 
red, no, 4fJ6 
silver, 114, 4U6 
white, 87, !JO, 22D, 4U6 

Flacol/rlia indica, 434, 514 
Flacol/rliaccae, 20G, 514 
Flag, sweet, 182, 500 
Flax, 18, 20, 2G-28, 1U2, 1\)3, 274, 287, 

28!J,510 
New Zealand, 38 

Flaxseed, 1 U2, 1 \)3 
Fleawort, 260 
Floral ext racts, 176 
Flour, 304-305 
Fly agaric, 278, 283, ,1\)5 
Foeniel/lwlt l'Itiyarc, 455, 457, 516 

var, dllire, 457, 458, 516 
Food adjuncts, 436-4U3 
Food plants, 286-435 

history of, 286-288 
nature of, 2!J0-2!J1 
origin and distribution of, 288-2UO 

Forage crops, 343-345 
Forage grasses, 3-1-1 
Forage legumes, 344-345 
Forest areas of Xorth .\merica, 85-87 
Forest formations of Xorth America, 86 
Forest products, 52-83 
Forest resources, 84-117 
Forests, 84-J 17 

of Africa, 116-117 
of Asia, 114-11() 
of Australia and Ocpania, 117 
of Europe, 113-11-1 
of Xorth America, 84-107 

Forests, of South America, 107-113 
Forlul/ella japonica, ·113, 510 

1I/lIr(/lIrila, ·113, 510 
Foxglove, 254, 51\) 
FraYllrill chiloellsis, 404, 50G 

1'I'SCII, ·104, 506 
I'iryill ill/Ill, 404, 50G 

Frankincense, 16G, 171, 174, 187, ,508, 510 
Fraxill liS a IIIcrimlIa, 56, OG, 517 

excelsior, 114, 517 
nigra, tW, 517 
orcyon (I, [)G, 517 
01'11118, 220, 517 
pCIIIISyll'allica, \)6, 517 

\'ar, lallccolala, D6, 517 
lJ.uadTllIlYlllala, (Hi, 517 

Fructose, 10, 210. 220 
Fruit juic('s, 4~4 
Fruit sugar, 10, 210, 220 
Fruit Yegetnbles, 37n~384 
Fruits, 385~·135 

citrus, 1D!J, 221,406-414 
gourd, 381-383, 3()(i-307 
pOllle, 387-3()1 
preservation of, 386-387 
stone, 3\)1-3\)6 
of temperate regions, 385-cl05 
tropical, 406-435 

Fuel, 6-1-613 
Fumitories and masticatorips, 2G8,285 
Fungi, 62, 283, 2()1-2D3, 405 
Fllllllllllia clastica, 143, 517 
Fllrcraca Calmya, 38, 501. 

uiY(lnlca, 38, 501 
hexapclala, 38, 501 
IIlllcrophylla, 38. 501 

Furniture and fixtures, 70 
Fustic, 127, 128, 503 

G 

Galangal, 43n, 501 
Galhanum, 172, 173, 516 
Gambier, 123, 124,128,510 
Gamboge, 127, 133-134, 174,513 
Garcinia, 428 

Hallburyi, 133,513 
Jlan(!o8Ialla, 427. ,513 

Garden heliotrope, 247, 51 () 
Garlic, 28(), 372, 467, 500 
Grlllitheria procullllJCIlS, 4(;G, ;')16 
Gayll(ss(lcia bac('(lla, ·101,516 
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GelidiuIII 'carfila(linewl!, 263, 495 
ramel/Ill, 263, 495 

Gentian, 245, 517 
Gcn:iana III tea , 245, 517 
Gw!;anuceae, 517 
Geraniaceac, 510 
Geraniol, 17!J, 183, 184 
Geranium, 177, 179 
Geranium oil, 17!J-181 
Gherkin, 381, 519 
Gi(lantochloa, 47, 498 
Gin, 450, 456, 41)2 
Gingellyoil, 198 
Ginger, 175, 439-441, 484, 490, 501 
Ginger ale, 484 
Ginger-graRs oil, 184, 498 
Ginseng, 244-246, 515 
Gleditsia triaCf111thos, 100, 347, 508 
Glucose, 6, 9, 210, 220, 225-226, 239 
Glucosides, 15 
Glycine Max, 192, 194, 195, 340, 508 

Soja, 508 
Glycyrrhiza (llalira, 24G, 508 
Gnetaceae, 497 
Golden apple, ·12G, 512 
Goldenrod, 146, 520 
Goldcm'cal, 244, 245, 504 
Gooseherry, 287, 402-403, 506 

Otaheite, 434, 511 
.Gossy~·ospenl!1m! praecox, 109, 514 
Gossypiwn, 22, 25 

arboreulII, 23, 25, 513 
barbadense, 23, 513 
herbacell1l!, 23, 25, 513 
hirsutum, 23-25, 513 

Gourd fruits, 381-383, 396-397 
Goyernor's plum, ,134, 514 
Gracilaria confermiries, 263, 495 

lichclloides, 263, 495 
Grain sorghum, 325-328 
Grai'1s of paradise, 438, 458, 501 
Gramicidin, 262 
Grmnillcae, 20, 296, ,11)7-499 
Granadilla, 422, 514 
Granadiilo, 109, 508 
Grape, l!Ji, ~87 ~89, 397-399, 484, 513 

fox, 398, 513 
muscadine, 398, 513 
scu npernong, 398 
wine, 397-398, 513 

Grape sugar, fi, 9-10, 210, 220, 225 
Grapciruit, 287, 410-411, 484, 510 

Grapefruit oil, 177 
Grass oils, 183-184 
Grass sorghums, 325 
Grass tree, 501 
Grass-tree resins, HiO 
Grasses, 44, 49, 231, 296 
Grecnheart, 110, 505 
Grcvillca robusta, 117, 504 
Grossularia, 402 
Groundnut, 341, 507 
Grulilichama, 423, 515 
Guailua angustifolia, 46, 47, 4!J8 
Guaiacum, 111, 174, 251 
Guaiacum o.fJicinalc, 110, 111, 251, 520 

sanctum, 110, 251,520 
Guanahana, 418, 505 
Guarana, 468, 480-481, 512 
Guava, 287, 422-423, 515 

strawherry, 423, 515 
Guayulc, 143-H4, 520 
Gunyule rubber, 143-144 
Guizotia aliyssinica, 192, 19G, 520 
Gum arabic, 151, 152, 507 
GUill ghatti,' 153, 515 
Gum guaiac, 251 
Gum kino, 161-162 
GUill rpsins, 133, 172-174 
Gum tragacanth, 151-152,507 
Gumbo,328 
Gums, 11, 125, 151-153 

British, 225 
chewing, 148, 14!J, 150, 268 
kamya, 49, 152 
ogen, 155 
spruce, 166-167, 268 

Guncotton, 237, 238 
Gunny, 30 
Gutta-pereha, 146-148, 516 
Gulliferae, 153, 513 
GYlilTloclarlus rlioica, 106, 508 

H 

Hackberry, 73, lOG, 503 
Haematoxylin, 127 
IIaematoxylon Emsilel/o, 127, 508 

call1peciziallum, 127, 508 
Hamalllelidaceae, 153, 506 
Hamamelis,25G 
IIall/alllelis vir(linialla, 256, 50G 
IIancornia speciosa, 146,517 
Hard fibers, 20, 34-41 
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Hard resins, 154-162 
Hashish, 281 
Hats, 44, 306 
Hazelnut, 114, 347, 353, 502 
Hedeollla plllei/ioides, 256, 518 
Hegari, 326, 328 
He/ionthlls allIlIIllS, 1!)2, UJ!), 520 

tillieroslls, 220, 365, ;j20 
Heliotrope, 187, 518 
Heliotropilllll arlioresrclIs, 187, 518 

perllriO/IIIIIl, 518 
Hemicellulose, 10, 240 
Hemlock, 67, 68, 70, 72, 74, 85, 90, 91, 

118-120,229, 232, 497 
western, 64, 87, 90, 229, 497 

Hemp, 20, 28, 29, 44, 192, 1\)7, 230, 244, 
281, 282, 287, 289, 503 

Ambari, 33, 513 
Bowstring, 38, 39, 500 
Colorado RiYer, 34, 509 
Cuban, 38, 501 
Deccan, 33, 513 
Gambo, 33, 513 
Indian, 34, 146,517 
:\Ianila, 34-36, 230, 501 
:\Iauritius, 38, 501 
.:\ ew Zealand, 38, 39, 230, 500 
Sunn, 32, 230, 508 

Hempseed oil, 29, 197 
Henbane, 244, 256, 285, 518 

black, 285, 518 
Henequen, 20, 36, 37, 501 
Henna, 127, 129, 514 
Herbage vegetables, 372-379 
Heroin, 281 
Hevea Denthallliallu, 136, 511 

brasiliensis, 135-137, 197, 511 
Hevea rubber, 136-140 
Hibiscus cannabinlls, 33, 513 

elatus, 50, 113, 513 
esculcntlls, 34, 382, 513 
SabdarijJa, 33, 513 
tiliarclIs, 34, 513 

Hickory, 54, 60, 64, 70, 73, 7\), 85, 99, 
353-354, 502 

bitternut, 353 
moch.ernut, 99, 502 
pignut, 99, 502 
shaghark, 99, 353, ,502 
shellbark, 354, 502 

Hierochloe odorata, 45, 498 
Hippocastanaceae, 512 

Hoarhound, 256, 467, 518 
Holly, 106, 114, 512 
HOllcy, 220-221,273,490 
Honey locust, 100, 347, 508 
Hopca IIlicrantha, 157, 514 
Hops, 177, 257-258, 488, 504 
Hordwln, 320, 498 

defieiells, 320, 498 
distiehon, 320, 498 
intcrnlcdilllll, 320,498 
spolltallelllll, 320, 498 
Villi/are, 320, 498 

Hormones, 17 
Hornbeam, 107, 114, 502 
Horseradish, 287, 289, HI, 505 
Huckleberry, 401, 516 
Hlllllllllls LIlPIlIIlS, 257, 258, 50,1 
Hyacinth, 186, 500 
Hllacinthus orienlalis, 186, 500 
Hyhrid corn, 313-314 
Hydnocarpus Kurzii, 259, 514 
Hydrastis canadensis, 245, ,504 
H Ylllenaea COllrbaril, 111, 156, 508 
Hyoscyamine, 253, 256, 257 
Hyoscyallllls Inllticus, 285, 518 

nii/er, 256, 285, 518 
lIypernic, 127, 508 
Hyssop, 467, 518 
Hyssopus o.{/icinalis, 467, 518 

I 

Ilex Aqllljolilllll, 114, 512 
opaca, 106, 512 
paraguariensis, 479, 488, 512 
I'olililoria, 482, 512 

Illicillm verll1n, 452, 505 
Illipe butter, 205, 516 
Incense cedar, 87, 88, 496 
India rubber, 141, 142, 503 
Indian corn, 198, 306-31<1, 499 

(See also :i\Iaizc) 
Indian mallow, 33, 513 
In(lian tobacco, 256, 520 
Indican, 129 
Indigo, 127, 129, 508 
Indigofera sll./Jrlltirosa, 129, 508 

tincloria, 129, ,508 
IIIi/O crililis, 347, ,S08 
Ink, 118, 125-126 
[nodes causianlln, 500 

Palmetto, 500 



[li~ed floll"er", 26·1, 265, 520 
Insectil id, ,26-1-267 
Tntis)', ,J, 511 
lUHlin, 220, 366 
.onOBe, 183, 185 
Ipecac, 246, 519 
Ipomoea Halalas, 362, 363, 518 

pllrga, 518 
I ridaceac, 501 
Iris fioreniina, 182, 501 

pallida, 182, 501 
Irish moss, 294-295, 495 
I satis linrioria, 130, 50G 
IstIe, 37, 500, 501 
Ivory, vegetable, 240-241 

J 

Jaboticaba, 423, 515 
Jackfmit, 381, 503 
Jaggary, 219 
Jalap, 174, 246, 518 
Jamholan, 423, 515 
Jarrah, 117, 515 
Jasmine, 176, 179, 185, 475, 517 
Jasminwn grandifolillm, 517 

officinale var. gramhjoiilllll, 185, 517 
Jaumave isUe, 37, 501 
Java almond, 354,510 
.Java pium, 423, 515 
Jelutong, 148, 517 

I"'DEX 

Jute, Java, 33 
Jute butts, 31, 230 

K 

Kafir, 326, 327, 4!lS 
Kaju, 350 
Kaki, 430, 516 
Eale, 372, 374, 375, 50G 
Kaoliang, 326, 328, 4!lS 
Kapok, 47--49, 201, 513 
Kapok oil, 201 
Karaya gum, 49, 152 
Karri, 117, 515 
Kauri, 117, 155, 496 
Kauri copal, 155, 156 
Kavakava, 278, 285, 502 
Keuwe, 345, 509 
Kelp, 2G3-26-1, 495 
Kenaf, 33, 513 
Khat, 468, 481, 482, 512 
Khaya scncgalcnsis, 117, 511 
Khuskhus, 184, 4!l9 
Kino, IGl-162, 50S, 509 
Kittul fiber, 42 
Kohlrabi, 375, 376, 506 
Kola nuts, 277 

(See also Cola) 
Kraft paper, 232 
Kudzu, 344-345, 509 
Kumquat, 412--413, 510 

Jerusalem artichoke, 220, 287, 305-366, L 
520 

Jesuit's bark, 249 
Jimson weed, 257, 284, 518 
Jipijapa, 44 
Job's tears, 332, 498 
Johnson grass, 325, 344, 498 
Jojoba wax, 208, 511 
Jonquil, 179, 188, 501 
Juglundaceae, 502 
Juglans cinerea, 105, 356, 502 

nigra, 104, 105, 355, 502 
regia, 114, 1913, 356, 502 

Jujube, 423, 42·1, 512 
J llncaceae, 500 
Junclls effllsuo, 45, 500 
Juniper, 115, 450, 492, 496 
Jllni" :rllS cOllwwnis, 450, 496 

l'irginiana, 88, 190, 496 
.Tute, 20, 30, 31, 230, 513 

China, 33, 513 

LalJialac, 175, 51S 
Lahlah, 336, 343, 50S 
Lac, 160 
Lace bark, 50, 514 
Laeewood, 104 
Lacquer, 153, 15S-l59 
Lacquer paints, 238 
Lacquer tree, 158, 159, 511, 512 
Laduca saliva, 378, 520 

Scariola, 378, 520 
Ladino, 344, 509 
LageUa lintearia, 50, 514 
Laminaria digilala, 264, 495 

sacclwrina, 264, 495 
Lancewood, 110, 505 
Landolphia HClldeloltii, 143,517 

Kirkii, 143, 517 
olcariensis, 143,517 

Larch, (is, 72, 85, !l1, 11.:;, 40u 

543 
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Larch, European, 114, 121, 167, 496 
western, 55, 64,87, 91, 4!l6 

Larix decidlla, 114, 121, 167, 4!)6 
laricilla, !l1, 229, 496 
occidcnlalis, 55, 91, 4!J6 

Latex, 15, 135-137, 1-10, HI, 1-13-145,42\J 
(See also Rubber) 

Lallraceae, 175, 505 
Laurelwood, 116, 513 
Lallrus nobilis, 465, 505 
Lal'andula lallfolia, 184, 518 

ojficinalis, 184, 185, 518 
Spica, 518 
vera, 518 

Lavender, 177, 179, 184, 185, H7, 467, 
518 

Laver, 295, 495 
Lawsonia inerll1is, 129, 514 
Leche caspi, 150, 517 
Lecythidaceae, 514-515 
Lecythis usiiaia, 349, 515 

Zabucajo, 349, 515 
Leek, 372, 500 
Legumes, 291, 335-347 

forage, 344-345 
tree, 345-347 

Legllminosae, 20, 115, 153, 265, 335, 
507-509 

Lemon, 176, 287, 411-412, 467,484, 510 
oil of, 177, 178, 188,412 

Lemon-grass oil, 183-184, 4U8 
Lemonwood, 110, 519 
Lens clllinaris, 336, 342, 508 

escllienia, 508 
Lentil, 289, 336, 342, 508 
Leopoldinia Piassalia, 41, 499 
Lespedeza, 345 
J.espedeza clIneaia, 345, 508 

sericea, 508 
stiplllacea, 345, 508 
striaia, 345, 508 

Letterwood, 110, 504 
Lettuce, 287, 289, 372, 378, 520 
J.aisticum officinale, 467, 516 
Levulose, 220, S66 
J.ibocedrus decllrrens, 88, 496 
Licania rigida, 195, 506 
Lichens, 134, 186, 495 
Licorice, 231, 246-247, 273, 274, 489, 508 
Licuri oil, 203 
Lignaloe (see Linaloc oil) 
Ligni t e, 64 

Lignum vitae, 60, 110-111, 2i; 1, 520 
Lilac, -1-17, 517 
Liiiacc(w, 20, 153, 500-501 
Lily of the valley, 188, 500 
Lima bean, 28U, 338, ;,;,9, 509 
Limc, 287, -112, 467, 510 

oil of, 177, 412 
Lime trce, 114, 513 
Linll('t'ae, 20, 510 
Linaloe oil, 187, 505, 510 
Linden, !J6, 221,513 
Linen, 18, 26, 230 
Linoleum, 83 
Linseed oil, 28, 125, 193 
Linllln usiiatissimllm, 27, 192, 193, 510 
Liqucurs, 493 
Liq1lidall1bar orienialis, lU9, 506 

SI!lracijllla, 103, 169, 506 
Liriodendron T1lliplfera, 104, 505 
Litchi, 423-424, 512 
Liiehi ehinensis, 423, 512 
Lilhocarplls dcnsifiora, 119, 503 
Litmus, 134 
Live oak, 86, 102, 357, 503 
Lobelia, 256 
Lobelia il/fiaia, 256, 520 
Locust, 62, 70, 72, 99, 100 

black, 71, 99, 509 
honcy, 100, 347, 508 
South Amcrican, 156, 508 
Wcst Indian, 111,508 

Loganberry, 400, 507 
Loganiaecae, 517 
Logwood, 126, 127, 508 
Lokao, 127, 131, 512 
LOllchocarp1ls _Vieoll, 266, 508 

UrllCll, 266, 509 
utilis, 266, 50!) 

Lophophora lVilliall1sii, 282, 514 
Loquat, 424, 425, 506 
Lovage, 467, 516 
Lucull1a ncrl'Osa, 433, 516 
Lliffa aeuiallgula, 51, 519 

cylindrica, 51, 520 
Lulu, 435, 519 
Lumbang oil, 196, 511 
Lumber, 66-71 
L!lropersicol1 esculclllun!, 383-384, 518 
Lycopodium, 264 
Lycopodium c/awiulIl, 264, 496 
L!lgelUl! Spartlln!, 230, 498 
Lylhraceae, 514 



INDEX 545 

1\1 

Ma-huang, 251, 4D7 
}Iacadamia nuts, 354 
J[ acadamia tCrJujolia, 354, 504 
:\1acaroni, 305, 306 
:\1acassar oil, 205 
Mace, 205, 460, 461 
.l[ ac/ura pOII!ljera, 102, 128, 504 
J[ acrocystis pynjera, 263, 4D5 
Madar, 4D, 51 i 
Madder, 130-131, 51D 
J[ adhllca butyracea, 205, 516 

indica, 205, 516 
long/jolia, 205, 516 

:\Iagnolia, 86, 106 
J[ agnolia aWlIlinata, 106, 505 
J[agnoliaceae, 505 
i\1aguey, 37, 4DO, 491 

Manila, 37, 501 
Mexican, 38, 501 

:\Iahoe, 513 
blue, 113, 513 

i\1ahogany, 68, 74, 111-112, 511 
African, 117, 511 
Spanish, 111 
'Vest Indian, 111,511 

:\1ahua butter, 205 
Maikoa, 284, 518 

• Maize~ 1D8, 210, 222, 287, 289, 2DO, 296, 
306-314, 488, 4D1, 4D2, 4DD 

dent, 309, 310, 4DD 
flint, 30D-310, 499 
flour, 310 
hybrid, 313-314 
pod, 308, 30D, 499 
pop, 308-30D, 4D9 
soft, 30D, 310, 499 
sweet, 309, 310, 49D 
waxy, 310 

:\1ajligua, 34, 113, 513 
.1[ ajorana hortensis, 463, 518 
:\Iale fern, 264, 41)6 
Mallet bark, 121, 515 
.1[ alpig}lia glabra, 435, 511 
J[ alpighiaceat, :;J 1 
:\Ialt beverag"5, ·184 
}Ialting, -188 
}Ifllto -e, 220 
J[ alliS baccala, 507 

plllI'ila, 507 
J[al1'aceae, 20, 33, 513 

,'lamey, 428 
il[ ammea americana, 428, 513 
i\1ammee apple,. 428, 513 
i\1flndarins, 410, 510 
Mandrake, 247, 505 
l\1angabeira, 146 
Mangels, 360, 504 
M angifera indica, 425, 426, 511 
l\1ango, 287, 425-426, 511 
l\1angosteen, 427-428, 513 
:'langrove, 116, 119-121, 515 
i\Ianicoba rubber, 141 
il[ ani/lOt esclilenla, 364, 365, 511 

Glaziol'ii, 141, 142, 197, 511 
uli[i8sima, 511 

Manila copal, 155-156 
Manila eiemi, 172, 510 
Manila hemp, 34-36, 230, 501 
Manilkara oidentata, 148, 516 
Manioc, 364 
]\Janna, 220 
l\Iannose, 220, 23D 
Maple, 54, 64, 68-70, 72-75, 78, 79, 85, 

100-101, 114, 115, 512 
black, 217, 512 
hard, 100 
Oregon, 100, 512 
red, 100, 217, 512 
rock, 100 
silver, 100, 217, 512 
sugar, 73, 75, 85, D8, 100, 210, 217, 218 

230, 512 
Maple sugar, 217-218 
Maple syrup, 217, 218 
J[ aranla arum/inaeea, 223, 224, 501 
J[ aralltaeeae, 501 
:'1arihuana, 281 
l\Iarjoram, 463 

pot, 463, 518 
sweet, 463, 518 

Marron, 358 
J[ arrllbiuln vulgare, 256, 518 
:\Iastic, 153, 161, 512 
1'.Iat grass, Chinese, 45, 41)9 
i\1at rush, Japanese, 45 
:'1at6, 287, 468, 471)-480, 512 
J[ alricaria Challlolllillll, 257, 520 
Mats and matting, ·H-45 
Mayapple, 247, 505 
Mead, 221, 490 
:i\IeadO\y saffron, 245, 500 
i\Iechanical pulp, 231-232 
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:'IIedic, 344, 509 
.1[ edicago hispida, :~H, 509 

luplilina, 344, 509 
saliva, 344, 500 

:'IIedicinal plants, 242-264 
:'IIedlar, 387, 390, 507 
.11 elanorrhoea IIsilala, 15\), 511 
.11 eliaceae, 511 
.11 elilotlls alba, 344, 509 

officinalis, 344, 509 
JIelissa officillalis, 462, 518 
Melloeo, 368, 504 
:'IIelon, 396-397, 519 

citron, 397, 519 
.11 ell isperlllaceae, 520 
.1[ enlha arvensis yar. piperascens, 463, 518 

piperila, 463, 518 
Pulegiwn, 467, 518 
spicata, 464, 465, 518 

:'IIenthol, 463 
:'IIescal, 38, 491 
:'lIes cal buttons, 282-283, 514 
.1Iespilus germanica, 390, 507 
:'IIesquite, 345,347, 509 
;\Iesquite gum, 153 
;\Iesta fiber, 33 
J[etroxylon amicarwn, 241, 499 

RllIllphii, 499 
Sagl/, 224, 499 

JIichelia Champaca, 187, 188, 505 
.1Iicrandra, 146, 511 
;\lignonette, 188, 506 
Milkweed, 34, 49, 517 

desert, 146, 517 
l\lilkwort, Senega, 247 
:'IIillet, 287, 289, 296, 328-331, 488 

barnyard, 329, 498 
foxtail, 329, 498 
Japanese, 329, 498 
pearl, 330, 498 
proso, 329-330, 498 
shama, 329, 498 

Milo, 326-328, 498 
111 imllsops Balata, 148, 516 
Mine timbers, 71-72 
:'Ilineral salts, 264, 290, 291, 294, 359, 386 
:'IIint, 175, 221, 518 
;\lockernut, 99, 502 
Molasses, 213, 273, 492 
:'I1ombin, red, 427, 512 

yellow, ·127, 512 
:'IIonkshood, 244, 504 

J[ onstera dcliciosa, 435, 500 
:'110m, 113, 509 
.1Iora CfCeiSIl, 113, 50\) 
.1Ioraccac, 20, 135, 503-504 
J[ arch ella csci/lenla, 2\)3, 204, 495 
}Iordant, 12G 
:'IIord, 293, 2!)4, 4!J5 
JIorin!J1l alelfera, 201, 50G 

plerygosperllla, 506 
JIoringaceae, 50G 
:'IIorphinc, 2GO, 280, 281 
Jlorlls alba, 404, 504 

nigra, 404, 504 
rllbra, 404, 50·1 

l\Iountain apple, 423, 515 
Mousse de chene, 186 
Mowm fat, 205, 51G 
Mu tree, 193, 511 
l\Iucilagcs, J 1, 244, 251, 260, 263 
1111lclIIIa Decringianwl!, 50n 
JIllhlcnbcrgia lIIacroura, 43, 4!)8 
l\Iulberry, 287, 28!), 403-.104, 504 

paper, 50, 230, 503 
l\Iung hean, 336, 339, 509 
l\I urlins, 295, 495 
JIusa Cat'endishii, 501 

nana, 416, 501 
paradisiaca, 417, 501 

subsp. sapienttlln, 414-.116, 501 
sapiclliulll, 501 
textilis, 34, 35, 501 

.1[lIsaceae, 20, 501 
:\lushroom, 28:~, 291-293, 495 
Musk, 178 
Muskmelon, 287, 396-3U7 
Mustard, 175,287, 289, 379, 459-!60, 506 

black, 109, 437, 459, 506 
Indian, 459-!60, 506 
white, 199, 437, 459, 506 

Mutshu cloth, 50 
111 yrciaria call1iflora, 423, 515' 
Jl yrica carolincllsis, 502 

cenfera, 207, 502 
peltsylmnica, 207, 208, 502 

.11 yricaceae, 502 

.11 yrislica jragrans, 205, 460, 461, 505 

.11 yrislicaceae, 505 
;\1yrohalans, 123-124, 515 
.1[yroxylon Bals(WlIllll, 169,509 

Pereirac, 1G8, 509 
tolw/crlllll, 50U 

r.Iyrrh, 173-17·1, 187,2·12, ,')11 



J[yrtaceae, 17.\ 406, 423, 515 
-"Iv tip .. 207, 502 

Xaranjilla, 435, 519 
X areissus, 188, 501 
Narcisslis Jonqllilla, 188, 501 

'1'azetta, 188, 501 
Karcotics, 277-285 

solanaceous, 278, 284-285 
Xaseberry, 148, 516 
Nasturtium o.[Ticina/e, 378, 506 
Xatal plum, 435, 517 
Natural fabrics, 19, 50 
Nayal stores, 162, 165 
N ectandra Rodiaei, 505 
Nectarine, 393, 507 
.Y eaglaziol'ia variegata, 41, 500 
N eomYFin, 202 
N cpcta Cataria, 467, 518 
N ercocystis Luctkeana, 264, 495 
Xeroli, oil of, 178, 182 
Nicaliana rllstica, 270, 275, 518 

7'abacwn, 197, 269, 5Hl 
Nicotine, 264, 269, 275 
Kiger seed, 1()2, 196, 520 
Kiger-seed oil, 196-197 
Kitrostarch, 226 
Xitta, 347, 509 

"Noble cane, 212 
X onalcoholic beverages, 468-484 
:0:ondrying oils, 192, 199-201 
Nut galls, 124, 125 
Xutmeg, 205, 276, 287, 460-461, 505 
Kutmeg butter, 205 
Kuts, 347-358 

areca, 276 
Barcelona, 353 
Brazil, 347-349, 514 
cob. 353 
cream, 348 
macadamia, 354, 504 
paradise, 349, 515 
pili, 201, 354, 510 
pine, 355 
Queensland, 354, .'i04 
sapucaia, :)49, 515 

Nux vomica, 246, 2liO, 517 
Xylon, 51 
Nyssa ('qllatiea, 104,516 

sylrali('(l, 104. ;;](\ 
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Oak, 54, 60, 64, 67-75, 7n, S5, 101-102, 
1 H, 115, 118, 11 n, 357, 503 

Aleppo, 125, 503 
black, 102, 11!J, 131, 503 
bur, 102, 503 
California tanbark, lID, 503 
chestnut, 102, IH1, 503 
cork, 81, 503 
holm, 357, 50:3 
live, 86, 102, 357, 503 
Oregon, 102, 503 
pin, 102, 503 
post, 102, 503 
red, 73, 75, 102, I 1!J, 503 
scarlet, 102, 503 
shingle, 102, 503 
silky, 117,504 
swamp chestnut, 102, 503 
swamp white, 102, 503 
Texas red, 102, 503 
turkey, 102, 503 
Turkish, 124, 503 
white, 45, 73, 75, 101, 102, 1Hl, 357, 503 
willow, 102, 503 

Oak moss,' 178, 186-187, 4\15 
Oakum, 29 
Oats, 231, 287, 288, 29li, 322-324, 492, 

497, 4\!8 
Oea, 368, 36\!, 509 
Ochroma Lagoplls, 513 

pyramidale, 108, 513 
OcillZlIIn Basilic1I11Z, 462, 518 
Oeotca Rodiaci, 110, 505 
Ogea gum, 155 
Ohia, 423, 515 
Oils, drying, 192-197 

essential, 13, 153, 154, 162, 175-190, 
244,438 

fatty, 12, 191-206, 244, 25\), 260 
fixed, 191 
grass, 183-184 
noncirying, 192, 199-201 
perfume, 178-188 
semidrying, 192, 197-1 U\) 

volatile, 13, 175-190 
(See also specific source plants) 

Oiticica oil, 195, 506 
Okra, 3·1, 287, 382, 513 
Olea CliroPI1C11, 1].1, 1 \Hl. ·128. 517 
Olm('('(Jc. fi 17 
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Olcoresins, 162-172, 178, 18(;-187, 252, 
264 

Olibanum, 17-1, 510 
Oliyc, 114, 199, 287, 280, ·128-429, 517 
OliYe oil, 199-200 
Ololiuqui, 28:1, 518 
Onion, 210, 287, 289, 371-:372, 500 
Opiulll, 242, 260, 268,278-281 
Opopanax, 17-1, 511, 5lG 
Opopallax eliirOlliwlI, 17·l, 516 
Ornnge, 175,176, 170, 2S7, 2S0, ·108-410, 

447, 467, 484, 510 
bitter, 182, 400, 403, 510 
deciduous, 4H, 510 
!(jng, 410 
mandarin, 410, 510 
Satsuma, 410 
Scyille, 409, 510 
sour, 409--110, 510 
sweet, 182, 408--109, 510 

Orangc hybrids, 414 
Orange oil, 177, 182, 409, ·110, ·192 
Orbi!JfZya Colillnc, 203, 204, 499 

JI arlialla, 203, 499 
olelfera, 203, 499 

Orchard grass, 344, ·198 
Orchidaceae, 502 
Organic acids, 16, 290, 291, 386 
Origanlllll Jl ajoralla, 518 

villgare, 463, 518 
Orris, 178, 182, 467, 501 
Oryza, 316 

salim, 315, 498 
Osagc orange, 60, 62, 71, 102, 127, 128, 

504 
Osiers, 45 
Ostrya l'irginiana, 107, 502 
Otaheite apple, 426~l27, 512 
Otaheite gooseberry, 434,511 
Otoba butter, 206, 505 
Otto (attar or ottar) of roses, 17!), 180, 

447 
Ourieuri, 203, 500 
Oxalidaceae, 50!) 
Oxalis tllberosa, 368, 36!l, 50!) 
Oxandra lallceo/ala, 110, ,505 
Oyster plant, 3G1, 520 

P 

PachyrrhizlIs e!'OSIIS, 368, 509 
Padouk, 115, 500 
Pa/a'lllilllll Glilla, 1·16, 1·[7, ;,](j 

Palay rubher, 1<16 
Palm, 210 

bctel-nut, 27G, ,In!) 

babassu, 203, 4[)[) 
cabbagc, 42, 500 
carnauba, 206, 20i, 4UU 
collllne, 203, 204, 4UO 
date, 10, 418-41!), 4!l!) 
(lwarf fan, 50, 40[) 
gOllltlti, 218, 4!)!) 
hat, 4·1, 500 
i\'ory-nut, 10, 240, ·10\), 500 
licuri, 203, 208, 500 
murUJlln!'u, 204, 499 
oil, 202, 203, ,lOU 
ouricnri, 203, 500 
palmyra, 42, 218, 4U9 
ra Ilia , 45, 208, iiOO 
sago, 224-225, 4!JD 
tagua, 240, 500 
toddy, 42, 218, 409 
tucum, 204, 499 
wax, 206, 207, 499 
wine, 41, 500 

Palm-kernel oil, 203-204 
Palm oil, 202-204 
Palm sugar, 218-219 
Palm wine, 351, 490~1!)1 
Palma is tie, 37, 500, 501 
Palillaccae, 20, 49()-500 
Palmarosa oil, 179, 184, 498 
Palmctto, 42, 125, 500 
Palmyra fiher, ,12 
Palo borracho, 49, 513 
Pan, 275 
Panama rubber, 140, 1·~1, 503 
Pallax Ginseng, 515 

qllinljllejo/illlll, 24G, 515 
Scilinsen{l, 245, 515 

Pandarwceae, ·1!)7 
Pandanlls tec/orills, 45, 4!)7 

Iltilis, 45, 497 
Paniellilt III iliacc llIn , 32!l, 330, ·1\)8 
Papain,42U 
Papm'er so III rujerll III , 1Bi, 2GO, 280, 505 
Pllpal'eraceae, 505 
1'apa\\', -!2\), 505, 514 
Papaya, ·12!l-430, 514 
Paper, 228-23·' 
Papermaking fihers, 1 \}, 51, 228-231 
Papi('r-m:'lehG, 3"1, 234 
1'aprq,!;, 231 
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Paprika, '!4!) 
Papyrus, 23], 4\)\) 
Pnw rllbber, 136, 137, 511 
Paraguay tea, 47\)-480, 512 
Parchment, ycgetable, 234 
Parkia biglobosa, 347, 50!) 

filiroidca, 347, 50!) 
Parsley, 287, 28\), 466, 516 
Parsnip, 210, 287, 28!), 361, 516 
Par/henilllll argell/atllln, 143, 144, 520 
Passij/ora edll/is, 422, 514 

liglilaris, 422, 514 
qlladrallgll/aris, 422, 514 

Passij/oraeeae, 514 
Pastinaca sativa, 361, 516 
Patchouli oil, 178, 187, 518 
Pall/linia Clipana, 480, 481, 512 

Yoco, 483, 512 
Peach, 1\)!), 287, 28\), 3\)2-3\)3, 4\)2, 507 
Peanut, 200,,287, 341-342, 347, 507 
Peanut oil, 200 
Pear, 199, 287, 385, 389-390, '184, 507 
Peas, 335-337, 50\) 

cajan, 336, 343, 508 
chick, 336-338, 508 
field, 336 
garden, 287, 289, 336, 337 
pigeon, 343, 508 

Peat, 64, 65, 231 
Pccan,.201, 287, 348, 354, 502 
·Pectin, 10, 11, 386 
Pedaliaceae, 519 
Pelargonilllll, 179 

graveo/ens, 181, 510 
odoratissimlllll, 180, 181, 510 

Pel/ogyne paniclilata, 113, 50!) 
Penicillin, 261-262 
Penicillium chrysogonzun, 261, 495 

nolaiwn, 261, 4!)5 
Pcnniseilwl glauclun, 330, 498 
Pcnny~oyal, 177, 256, 518 

European, 467, 518 
Pentose, 239 
Pepitos, 382 
Pepper, Z87, 450-452 

bell, 449, 518 
betel, 276, 502 
black, 437, ·151-452, 502 
cayenne, 449, 518 
long, 452, 502 
red, 2>;7, 438, 449, 518 
sweet, 4·19, 518 

Pepper white, 437, 452 
Peppermint, 177, 188, 463, 4\)3, 518 

Japanese, 177, 463, 518 
Perfume oils, 17\)-188 
Perfumes, 178-188 
Perilla, 518 
Peril/a jrlllcscclZS, 1\)5, 1\)6, 518 

ocillloidcs, 518 
Perilla oil, 1\)5-1!)6 
Perry, 390, 484 
Persea alllericana, 379, 505 
Persian berries, 127, 132, 512 
Persimmon, 60, ]07,287, 28g, 430, 516 

Japanese, 430, 5]6 
Peruyian bark, 24\) 
Petitgrain oil, 17\), 182 
Petroleum, 65 
Petroselinwn crispllm, 466, 516 

llOrlense, 516 
Peyote, 278, 282-283, 514 
Pharmacognosy, 243 
Pharmacology, 243 
Phaseo/lls anglliaris, 33\), 509 

aurellS, 336, 33\), 509 
calcaralus, 339, 509 
cocci neilS, 339, 509 
limensis, 338, 33!), 50!) 
llwaius, 33\), 509 
n!uliij/orlls, 509 
vulgaris, 338, 509 

Phlem!! praicnse, 344, 498 
Phoenix dactylifera, 418, 41\), 4\)1, 4\)9 

sylvcstris, 218, 4\)9 
Phormilul! lenax, 38, 3!l, 500 
Photosynthesis, 6, 7 
Phulwara butter, 205 
Phyllallihus adellls, 434, 511 
Phylloclaelus triclzolllanoidcs, 121, 4!l6 
Phyllostachys, 47, 4118 
Phylloxera, 398 
Phytcieplzas macrocarpa, 240, 500 
Piassaha, 41 
Piassa,'a, 41, 42, 4!l!l, 500 
Picca Abies, 114, 121, 167, 4\)6 

canadensis, 496 
Engeilllallllii, 95, 496 
execlsa, 4\)6 
glallca, \)5, 22\), 4\)6 
mariana, \)5, 496 
rubens, 95, 166, 167, 22\), 4!lG 
Tllbra, 4\)6 
sitclzensis, \)5, 22!l, 4!l6 
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Picracnll e.fcclsa, 510 
Picrasllla e.fcclsa, 251, 510 
Pigeon pea, 343, 50S 
Pigments, 13, 126-134 
Pignolia, 355 
Pignut, \)\), 502 
Pili nut, 201, 35-1, 510 
Pili tree, 172 
Pilllcliia acris, 515 

dioiea, 437, 447, 448, 515 
oIlicilialis, 515 
raecmosa, 184, 515 

Pimiento, 449 
Pimpindla AliislIlII, 454, 455, 516 
Piiia cloth, 40, -132 
Pinaecac, 153, 4\)6-497 
Pine, 72, 73, !ll-94, 115 

cluster, 114, 497 
Cuban, 163 
digger, 355, 497 
jack, 85, 22\), 232, 496 
kauri, 117, 155, 156,496 
loblolly, 86, 94, 497 
lodgepole, 72, 87, 93, 497 
longleaf, 64, 86, 93, 162-1{i4, 496 
maritime, 165, 4\)7 
.xorway, 94, 497 
nut, 355 
Parana, 107, 4\)6 
red, 85, 94, 497 

Xew Zealand, 117, 496 
Scotch, 114, 497 
screw, 45, 497 
shortlcaf, 86, 9J, 497 
slash, 86, 9J, 496 
southern, G6, 70, 72, 74 
stone, 114, 355, 497 
sugar, 78, 87, 93, 497 
Torrey, 355, 497 
white, 66-68, 70, 78, 85, 91-93, <197 

Xew Zealand, 117, 4!lG 
western, 87, 93, 4\)7 

yellow, 68-70, 78, \Jl-\)4 
southern, 67, {i8, 81, 93,229, 49G 
western, 64, {i7, {i8, 70, 75, 87, 94, 

163, 4\)7 
Pine nuts, 355 
Pineapple, 20, 40, 287, 431-432, 484, 491, 

500 
Pinons, 355, 4117 
Pin liS allslralis, 93, 1G2, 16:~, 229, 496 

Banksiana, 229, clIl6 

Pin liS, carilwCll, !).Je, 163, 41l'; ' .. 
rem/n'oides "ar. ('(llIlis, 355 .. 4117 

"ar. lIIonopilylla, 355, 497" 
cOlllorla, !l3, 497 
C/l1)('llsi,~, 4!)6 
celtinata, IH, 4!l7 
eillilis, .Je\)7 
ha/cpensis, 166, 497 
i1clcropilylla, -19G 
Lambertiana, 1)3, .Je1l7 
lIlarilillla, lG5, 4117 
lIIonophylla, 497 
monlieo/a, 93, 497 
nigra, 166, 497 
palllslris, ·196 
Pinasler, 114, 165-]67,497 
Pinea, 114, lG6, 355, 497 
ponderosa, !l4, Hi3, 497 
res/nasa, !H, 4!)7 
Sabiniana, 355, 497 
Slroblls, 92, 497 
sllccimjcra, 158, 4!l7 
sylreslris, 114, 166,497 
Tacda, 94, 497 
Torreyana, 355, 4D7 

Piper Betle, 276, 502 
Clibeba, 259, 502 
longllm, 452, 502 
me/hysliellllt, 285, 502 
nigrllm, 437, 451, 502 
offie/narllm, 502 
rclrofraclllln, 452, 502 

Pipcraceae, 502 
Pimlinera gll/anensis, 57, 110, 504 
Pistachio, 357, 467, 512 
Pistachio-nut oil, 201 
Pislacia calmliea, 161, 512 

lentisells, 161, 512 
vera, 357, 512 

Pis II III satil'wn, 335, 337, 509 
Pita floja, 40-41, 500 
Pitanga, 423, 515 
Piteira, 38, 501 
Pitre, 38, 50] 
Pituri, 285, 518 
Plaiting fibers, 1 D, 44-47 
Plane tree, 114, 50G 
Planing-mill jlroduct~, 68-69 
Plant products, importance of, to man, 

1-5 
nature of, 5-17 

Plant skeleton, 7-1) 
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Pla:ltaginafu'e, 519 
Pla,i/(l!1o in~)ica, 260, 519 

01 'fI, 2;~(), 519 
Pb!:diwn, 260, .5H) 

Plantain, 386, 417, 501 
jJlutanaceae, 506 
Platanlls occidentalis, 103, 506 

orientalis, 114, 506 
Plum, 199, 287, 289, 385, 393-396, 4\)2, 

507 
coco, 425, 506 
hog, 427, 512 
governor's, 434, 514 
Java, 423, 515 
marmalade, 513 
Natal, 435, 517 
Spanish, 427, 512 

Plywood, 76 
Pochote, 49, 513 
Podocarplls dacrydioides, 117,496 

Totara, 117, 496 
Podophyllum, 174, 247, 505 
Podophyllllm Emodi, 247, 505 

pel/atllln, 247, 505 
Pogostemon Cablin, 187, 518 
Poles and piling, 72 
Polianlhcs tllberosa, 188, 501 
Polygala Senega, 247, 511 
Polygalaceae, 511 
j>olygol'taceae, 504 
Polymixin, 262 
Pomades, 176 
Pome fruits, 387-391 
Pomegranate, 289, 432-433, 514 
Pamela, 410, 414, 510 
Poncirlls Iri/oliata, 414, 510 
Pongam oil, 205 
Pongamia glabra, 509 

pinnala, 205, 509 
Poplar, 76, 78, 102, 115 

balonm, 85, 102, 502 
Poppy, 287, 467 

opium, 197, 260, 279-280, 505 
Poppy oil, 197 
POPllills balsam!j~ra, 102, 502 

del/oides, 102, ::;02 
grandidentak, 102,229, 502 
Tacamaliacca, 502 
tre):: "loides, 102, 229, 502 

Porcupine woo(l, 351 
Porphv .. a /aciniata, 295, 495 
Porter, 489 

Posts, 71 
Potato, sweet, 287, 362-363, .491, 518 

white, 287, 289, 366-368, 491, 51!) 
Potato starch, 221-223, 225 
Prima vera, 113, 51!) 
Proso millet, 32!)-330, 4!)8 
Prosopis giandlliosa, 153, 347, 50!) 

jlllijlora, 153, 345, 346, 50!) 
Proteaceae, 504 
Protein fibers, 51, 313, 340, 342 
Proteins, 12, 13, 2!)0, 335, 356, 357 
Protillm heptaphyllwn, 172, 511 
Protoplasm, 5--6, 9 
Prunes, 3!)5, 3!)6 
Primus, 153, 3!)1 

americana, 3!)5, 507 
AlIIygdallls, 356, 507 

var. amara, 356, 507 
var. dulcis, 356, 507 

Armeniaca, 3!)1, 507 
(II'illm, 3!)2, 507 
Cerasus, 114, 392, 507 
cOlllmwlis, 507 
dOlllestica, 394, 395, 507 
liortlliana, 395, 507 
insitilia, 394, 507 
maritima, 394, 395, 507 
nigra, 395, 507 
Persica, 3!)2, 393, 507 

var. nectarina, 393, 507 
var. nllcipersica, 507 

salicina, 3!)5, 507 
serotina, 97, 507 
s€l"mlala, 392, 507 
spinosa, 114, 394, 507 

PseudotslIga 1IlllCronata, 497 
taxljolia, 8!), 90, 497 

Psidiwl! Catt/daml)}!, 515 
Guajava, 422, 515 
lilloralc, 423, 515 

PsycllOtria Ipecacuanha, 519 
Psyllium, 260-261, 519 
Ptcriilophyta, 4!)6 
Pterocarpas erinllcclIs, 12!), 161, 509 

indiCIIs, 115, 50a 
J!arslIpilllll, 161,509 
santalilll/B, 129, 509 
Soyauxii, 120, 509 

Pueraria liirsuta, 509 
lobata, 344, 509 
Thllnbergiana, 509 

Pulpwood, 228-230 
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Pulque, 38, 400, 491, 501 
Pulses, 335 
Pumpkin, 190, 287, 382-383, 510 
PUllica GraliatulIl, 432, 514 
Punicacrae, 514 
Purpieheart, 113, 509 
Pyinkado, 116, 500 
Pyrethrum, 244, 264-265 
Pyroxylin, 237-238 
Pyrus Allcuparia, 507 

baccata, 380, 507 
comllll/nis, 380, 390, 507 
J[ allis, 106, 387, 507 
pyrzJolia val'. cli/(a, 300, 507 
serotilla val'. clllia, 507 

Q 

Quassia, 251-252, 510 
Qllassia amara, 251, 510 
Qllebrachia Lorelltzii, 512 
Quebracho, 107, 122, 512 
Quercitron, no, 127, 131 
QllcrClls, 357 

Aegilops, 503 
alba, 101, 102, no, 357, 503 
bicolor, 102, 503 
borealis, 102, 119, 503 
Catesbaei, 503 
Cerris, 114, 503 
coccillea, 102, 503 
Garryana, 102, 503 
flex, 357, 503 
imbricaria, 102, 503 
illfecloria, 124, 125, 503 
laevis, 102, 503 
macrocarpa, 102, 503 
macrolepis, 124, 503 
JIicha Ilxii, 503 
montana, 102, llO, 503 
palustris, 102, 503 
petraea, 114, 503 
phelloB, 102, 503 
PrimlB, 102, 503 
Rolntr, 114, 503 
rllbra, 503 
ussilif/ora, 503 
stellata, 102, 503 
Silber, 81, 503 
texana, 102, 503 
veilltilla, 102, 110, 131,503 
virginialla, 102, 357, 503 

Qllillaja Sapollaria, 200, 507 
QuineC', 287, 289, 3\)], 50G 
Quinine, 244, 248-251, ·1\)3, 51!) 
Quinoa, 279, 287, 334, 50·1 

R 

Habbit brush, 146, 520 
Radish, 287, 289, 3Gl, 506 
Raffia, 45 
Hagi, 33G-331, 408 
Railroad ears, 70 
Railrom\ ties, 73-74 
Rain tree, 347, 50!) 
Raisins, 107, 398-300 
Hama, 33, 513 
Rallle/ina ('(Ilicaris, 186, 405 
Hamie, 20, 31-32, 230, 504 
Hammelllaceac, 504 
Hape, 192, 190, 506 
Rape oil, 190 
Raphalllls satiz'lls, 3GI, 506 
Raphia pedllllclllata, 45, 500 

Rlljlia, 500 
villifera, 41, 491, 500 

HaBpherry, 287, 385, 3\)9-401, 484, 507 
Hatieides, 264, 2G7 
Hattan, 44, 46, 499 
Rayon, 234-237 
Reconstflleted wood, 7n 
Red gum, 67, 68, 70, 73-75, 78, 8G, 103, 

50G 
Australian, IG2, 5J.5 

Redtop, 3-14, 497 
Hcclwood, 62, 68, 71-73, 77, 78, 87, !l4-05, 

407 
Reeds, 44 
Hegcneratcd cellulose, 235 
Reseda Luteola, 130, 506 

or/orata, 188, 506 
Hescdaceac, 506 
Reserve cellulose, 10, II 
Heserve food, 9-13 
Hesins, 15, 153-1H, 24·1, 251, 252, 258 

acaroid, 160 
East India, 157 
grass-tree, 160 
hard, 154-162 

Rhfl//maCenC, 512 
Rhamnus CIlthartica, 132, 512 

chlorophom, 512 
U/obosa, 131, 512 
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Rhamnus iufcetori'(I, 132, 512 
jJlIl'sitiaflil, 246, 2·1S, 512 
ulilis, 13t; 512 

Rhea, 3'2, 504 
Hh " 1111, Emodi, 247, 504 

oJ/ieinale, 247, 504 
palmaillm, 247, 50~ 
Rhaponlicllli!, 37S, 504 

Rhizophora J[ iIngle, 120, 515 
Hhizophoraceae, 515 
RhoriYlllenia palmala, 295, 4% 
Rhubarb, 247, 504 

garden, 2S7, 2S9, 372, 37S, 504 
Rhus chinensis, 125, 512 

copallina, 122, 512 
coriaria, 123, 512 
Cotinus, 511 
glabra, 122, 512 
semialata, 512 
succedanea, .159, 208, 512 
Iyphina, 122, 512 
t'Cl'nicijilla, 15S, 512 

Ribes, 402 
americanum, 403, 506 
Grossl/laria, 403, 506 
hirtelluln, 403, 506 
Iligrum, ·103, 506 
sativulIl, -102, 403, 506 
!'lIlgare, 506 

Jlice, 44~ 231,287-290,296,314-318,488, 
490,498 

wild, 331-332, 499 
Rice paper, 231 
Rice starch, 221, 223 
Ricinus comlllunis, 200, 201, 511 
Ri/'ea ('orymbosa, 283, 518 
Robinia pselldoacacia, 99, 509 
Ho{'cel/a tillctoria, 134, 495 
Rolled oats, 324 
Root beer, 484, 490 
Roripp1 Armoracia, 505 

NasturtiulIl-aqllaticlllll, 506 
Rosa cell/ijolia, 179, 507 

damascena, 179, 180, 507 
Rosaceae, 424, 506-507 
Rose, 175, 176, 17f), 447, 507 

cabbage, 179, 507 
damask, 179, 180, 507 

Rose il;l;>le, 423, 515 
Hose geranium, 180, 510 
Rose oiL 179 
Ros('lIe, 33, 513 

Rosemary, 178, 179, 185-186, 467, 518 
Hoscwoou, 116, 508, 509 

Brazilian, 113, 508 
Burmcse, 115, .50B 

Rosin, 125, 162-165 
Hosmarinlls officinal is, 185, 518 
Rotenonc, 265-267 
Rough-weaving fibers, Hl, 44-47 
Bowan, 114, 507 
Rubber, 135-146,287 

Assam, 141-143, 503 
Castilla, 140, 141, 503 
caucho, 140, 503 
caura, 146, 511 
C(,llra, 141, 142, 511 
chilte, 146, 511 
chrysil, 146, 520 
dllndclion, 144-145 
guayulc, 143-144 
Hevea, 136-140, 511 
India, 141, 142, 503 
Lagos silk, 143, 517 
Lllndolphia, 143, 517 
manicoba, 141 
palay, 146 
Pllnamll, 140, 503 
Para, 136, 137, 511 

Rubber vine, 517 
Rubia linclorllln, 130, 519 
Rubiaceae, 519 
Rubus, 400 

alleghaniellsis, 400, 507 
arglltlls, 400, 507 
jiagel/aris, 400, 507 
jrondoslls, 400, 507 
[daells, 401, 507 

var. strigoslls, 401, 507 
/oganobacclls, 400, 507 
occidel/talis, 401, 507 
trivialis, 400, 507 
urshws, 400 
1,ilijolills, 400, 507 

Rue, 467, 510 
Rum, 273, 4\)2 
Rilmex hymelloscpalll,~, 124, 504 
Rushes, 44, 45, 231, 500 
Ruta graveo[cns, 467, 510 
Rutabaga, 362, 506 
Rutaceae, 406, 510 
Rutin, 275, 334 
Rye, 44, 231, 263, 287-289, 296, 321-322, ' 

488, 491, 492, 4!l8 
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S 

Sabal callsianun, ·lA, 500 
Pallllcllo, 42, 125, 500 

Saccharulll ojJicillarllllt, 210-212, 4!)8 
Safflower, 127, 131, 132, 1 \12, 1 H7, 520 
Safflower oil, 107 
Saffron, 127, 131-132, 440-447 

mcadow, 245, 500 
Saffron crocus, 131, 44G, 501 
Sage, 178, 4G3-4G4, 518 

clary, 178, 4G7, 518 
Sago, 221,224-225 
Sake,4!)0 
Sal, 116, 514 
Sal damar, 157 
Salicaccae, 502 
Salix alba, 114, 502 

nigra, 107, 502 
Sallllalia malabarica, -10, 513 
Salsify, 361, 520 
Salvia ofticinalis, 463, ·j(i-l, 518 

Sclarea, 188, 467, 518 
Samallca Samail, 3-17, 50!) 
Samohu, -10, 513 
Samuela camerosana, 37, 500 
Sandalwood, 116, 127, 187, 504 

red, 129, 50!) 
Sandahvood oil, 178, 187 
Sandarac, 153, 1Gl, 497 
Sanderswood, red, 129, 500 
Sallsevieria gllilleell8i8, 500 

10llYlfolia, 39, 500 
Roxburghiana, 39, 500 
thyrs(flora, 39, 500 
zeylaniea, 39, 500 

Salltalaceac, 50-1 
Santalulll albulII, llG, 187, 504 
Santonin, 258, 520 
Sap green, 132 
Sapindaceae, 40G, 512 
Sapindlls Sapollaria, 209, 512 
Sapilllll, 146 

sebifeTllIII, 205, 511 
Sapodillu, 148, 149, 433, 516 
Sapollaria officinal is, 20n, 504 
Saponins, 208 
Sapotaccac, 146, 40G, 433, 51G 
Sapote, -133, 51G 

white, 435, 510 
Sappanwood, 127, 128, 508 
Sapucaia nuts, 3-10, 515 

Sarsaparilla, 441, 484, 4\)0, "UU 
Sassafras, 107, 1 ii, 444-145 5u;; 
Sassafras albidwlI, 107, 444; ,,0,' 

ofticinalc, 505 
l'ari((olilllll, 505 

Satin \mlnut, 103 
Satinwood, East Indian, 115, 510 

West Indian, 113, 510 
Sat urcjll horte!!sis, 464, 518 

1II0ntalla, 4G-!, 518 
Sauerkraut, 375 
Sayory, summer, 464, 518 

\I'iuter, 464, 518 
Sayory herbs, 438, 462--467 
Savory seeds, 438, 454-458 
Sawdust, 78 
Saxlfragaccae, 50G 
Schillopsis Ba/allsae, 107, 122,512 

Lorentzii, 107, 122, 512 
Schleich era o/cosa, 160,205,512 

trijuga, 512 
Scopolamine, 25G, 257, 285 
Serm\' pine, 45, 497 
Scropllll/ariaceae, 519 
Sea onion, 247, 500 
Secale allatoliellln, 321, 498 

cereale, 321, 322, 4\)8 
montalllll!!, 321, 498 

SerhiulII edule, 381, 520 
S['cretioIl~ and excretions, 13-17' 
Secretory tissucs, 14 
Sedges, 44 
Semidrying oils, 192, 197:....199 
Semolina, 305, 306 
SeIlcga, 247 
SeIlna, 257, 508 
Sennit, :39, ·10 
Sequoia (ligan/ea, 94, 497 

scmperlliren.s, [)4, -197 
Sesame, 192, 198, ·167, 519 
Sesame oil, 108 
Sesamwn inrIiclllII, 192, 198, 519 

orientale, 519 
Sesbania exaliata, 34, 509 

lIIacrorarpa, 509 
Setaria italica, 329, 498 

l'iridis, 32\), 498 
Shaddock, 410, 414, 510 
Shagbark hickory, 99, 353, 502 
Shakes, 78 
Shallots, 372, 500 
Shallu, 32G, 328, 498 
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Shea h'I\ler :';()4,516 
Sheila! 'i)\,-I60 

", marginal, 264, 496 
i'lllllU,n. 293, 495 
f;}Ullglcs, 77-78 
Shorea aptera, 205, 514 

crassl/olia, 514 
hypocilra, 157, 514 
robllsla, 116, 157, 514 
ll'icsneri, 157, 5B 

Sida aeu/a, 34, 513 
Silage, 312 
Silk cotton, 47--49 

red, 49, 513 
white, 49, 514 

Silky oak, 117, 504 
Simal, 49 
Silllarliliaceae, 510 
Simmondsia aIlifornica, 511 

ellinellsis, 208, 511 
Sinamay, 34 
Sisal, 20, 36, 37, 230, 501 

l'IIexican, 36, 501 
Sissoo, 116, 508 
Slippery elm, 251, 503 
Sloe, 114, 394, 0192, 507 
S~nall grains, 291, 3247331 
Smilax aristolochiacfolia, 441, 500 
• o.t1icilra!is, 441, 500 

Regelii, 441, 500 
Snakeroot, Senega, 247, 511 
Snakewood, 57, llO, 504 
Snuff,273 
Soap, 1m 
Soap substitutes, 208, 209 
Soapbark, 209, 507 
Soapberries, 209, 512 
Soaproot, 209, 500 
Soapwort, 209, 504 
Socotr:ne aloes, 252, 500 
Soda pulp, 232 
Soda water, 484 
Soft drinks, 483--48-1 
Soft fibers, 20, 26-3-1 
Solanaceae, 284, ~18-519 
Solanaceous narcotics, 278, 284-285 
Solanllm J[eiollgcna, 382, 519 

qllil,,·onse, 435, 519 
iliberosllIll, 366, 519 

Solidary; Leat'clm'orthii, 146, 520 
Soluble starch, 222, 225 
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SorbliS .tillcllparia, 114, 507 
Sorghum, 210, 287, 296, 324-328, 4!ll, 

498 
grain, 326-328 
grass, 325 
SII'eet, 219, 326 

Sorghum iwlepcnsis, 325, 344, 498 
virgafllm, 325, 344, 498 
vulgare, 325, 498 

var. caiJrorWll, 327, 498 
var. caudatwll, 328, 498 
var. cemullln, 326, 498 
var. dllrra, 327, 498 
val'. nervoswn, 328, 498 
val'. Roxburgizii, 328, 498 
var. sacehamiwll, 21U, 326,498 
var. Slibglabrescens, 327, 498 
val'. sudanellsis, 325, 344, 498 
yar. tecliniclllll, 42, 325, 498 

Sorghlum syrup, 219-220 
Sorgo, 219, 326, 498 
Sorva, 150, 51i 
Sour gum, 104, 516 
Soursop, 418, 505 
South American tubers, 368 
Soybean, 192, 194, 195,287,289, 340-341, 

508 
Soybean oil, 194-195 
Spanish moss, 50, 500 
Spartina, 43 
Spartina Spartillac, 43, 499 
Spearmint, 1i7, 464--465, 518 
Spelt, 298, 299, 499 
Spices, 436--46i 

crude, 436--437 
Spike lavender, 184, 518 
Spinach, 289, 3i2, 378, 504 

Kew Zealand, 378, 50-1 
S pi nacia oleracea, 3i8, 504 
Spirits of turpentine, 162, 165 
Spondias, 426 

cytherea, 426, 427, 512 
dlilcis, 512 
Illiea, 512 
J[ ombin, 42i, 512 
pllrpurca, 427, 512 

Spruce, 68, 70, 78, !l5, 115, 229, 232, 4!l0, 
496 

black, 85, !l5, 496 
Engclmn.nn, 8i, 95, ·196 
::\onmy, 114, 121, ·196 
red, 85, 95, 167, 229, 4U6 
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Spruce, Sitka, 75, 87, !l5, 22!l, -1!l6 
tideland, !l5, -1!l6 
white, 85, !l5, 22!l, '1!l(; 

Spruce beer, 4!l0 
Spruce gum, 166-167, 268 
Squash, 287, 28!l, 382-383, 51!l 
SquiIIs, 2-17, 500 

red, 26-1, 267 
Staple fiber, 237 
Star anise, -152-,153, 505 
Star apple, -133, 516 
Starch, 9, 221-226 

arrowroot, 221, 223, 22-1, 368 
bean, 221 
cassava, 22-1 
corn, 221, 222, 225, 226 
potato, 221-223, 225, 226 
rice, 221, 223 
sago, 221, 224-225 
soluble, 222, 225 
wheat, 221, 223 

Starch grains, 11, 12, 221 
Starch products, 225-226 
Sterculia lIrcn8, 152, 513 
Sterculiaceae, 513 
Stipa tenacissima, 230, -1!)!) 
StizolobiulIl Deeringianum, 336, 343, 50!) 
Stone fruits, 3!l1-3!l6 
Storax, 103, 16!l 
Stout, 48!l 
Stover, 312 
Stramonium, 244, 257, 518 
Strasbourg turpentine, 167 
Strawberry, 287, 385, 3!l!l, -104--10;), -18·1, 

506 
Streptomyces allreojaciens, 262, 4U5 

Fradiac, 262, -1!l5 
grise liS, 262, 4!l5 
rim os liS, 262, 4!l5 
venczllelae, 262, 4!l5 

Streptomycin, 262 
Strophanthus, 261, 517 
Strophanthus hispidlls, 261, 517 

]{ombe, 2G1, 517 
sanllentoslIs, 261, 517 

Structural fibers, 3-1--41 
Structural timbers, [,7-68 
Strychnine, 2[,0 
Strychnos Nux-mlllica, 2-10, 2nD, 517 

10Ilfera, 2-18, 5]7 
Styracaccac, 153, 517 
Styrax, 1 n!), 178, 506 

Styrax benzoides, 1 G!l, 517 
Benzoin, 170,517 
lonkineuse, 16D, 517 

Subtilin, 262 
Suceinite, 158 
Sucrose, 10, 210, 212, 220 
Sudan grass, 325, 344, 4!l8 
Suga~ 9, 10,210-221,273,274 

beet, 21-1-217 
cane, 10, 210, 213, 21-1,225 
corn, 225 
fruit, 10, 210, 220 
grape, 6, !l, 10, 210, 220, 225 
invert, 220 
maple, 217-218 
palm, 218-21!l 
wood, 230 

Sugar apple, 417 
Sugar beet, 210, 214-217, 231, 3GO, 50-1 
Sugar cane, 208, 210-214, .220. 287, 28\), 

-1Ill, 4\)2, ·1\)8 
Sugar maple, 73, 75,85,08,100,210,217-

218, 230, 512 
Sugar refining, 2B 
Sulphate pulp, 232-233 
Sulphite pulp, 232 
Sumac, 122, 512 

Sicilian, 123, 512 
Sumac galls, 125 
Summer savory, 464, 518 
Sunflower, 192, 199, 520 
Sunflower oil, Hl\) 
Sunn hemp, 32-33, 230, 508 
Surface fibers, 20-2G 
Surinam cherry, 423 
Sweet clover, 344, 50\) 
Sweet flag, 182, 500 
Sweet grass, 45, 498 
Sweet gum, 103, 16\), 506 
Sweet potato, 287, 3G2-3G3, ,WI, 518 
Sweet sorghums, 325, 32[, 
Sweetsop, 417, 505 
Swietenia lIl!lcropilylla, 112, 511 

Jfahogaui, 111, 112,511 
Syagrus ('oronata, 203, 500 
Sycamore, 67, /,'),103-10-1, 50G 
S!lrin(l{l l'II/(lari8, 517 
Syrup, corn, 225 

maple, 217, 218 
sorghum, 219-220 

S!lz!lUilllll arollll1liclIlII, 437, 445, 446, 515 
ClIlI1il1i, ·l23, 515 
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S!lZ!I(I':HIIl JuIIIlJbs, ·123, 515 
"is, 423, 515 

T 

Tu/'clJUia Donnell-Smifhii, 511) 
'l'achardia lacca, 160 
Tall oil, 165, 107 
Tallows, 102 
Tamarack, 71,72, 74,01, 229, 232,496 
Tamarind, 433, 434, 50n 
Talllarindlis indica, 433, 509 
Tampala,. 379, 504 
'l'anacetum vulgare, 467, 520 
Tanbark oak, 119, 503 
Tanekaha bark, 121 
Tangerine, 410, 510 
Tanner's dock, 124-125, 304 
Tanning industry, 118-119 
Tanning materials, 118-126 
Tannins, 11, 13, 14, 118, 125, 244, 475 
Tansy, 177, 467, 520 
Tapa cloth, 50 
Tapioca, 224, 365 
Tapioca starch, 226 
Tara, 124, 508 
Taraklogenos Kurzii, 514 
Taraxacum kok-saghyz, 144, 520 

o.tficinale, 378, 520 
',faro, :ru8, 370, 500 
Tarragon, 466, 520 
T:lUary, 50, 514 
Taxaceae, 496 
TaxodiwlL dislichllln, 89, 497 
Taxus baccala, 114, 496 
Tea, 287, 468, 472-476, 513 
Tea-seed oil, 201 
Teak, 115, 116, 518 
1'ec/ona grandis, 115, 116, 518 
Tempe, 340 
TempLrate fruits, 385-105 
Teosinte, 308, 408 
Terlllinalia Bellerica, 124, 515 

chebula, 124, 51.5 
Ternsiroemiaceae, 513 
Terramycin, 262 
Tetraclinis arli"data, 161, 497 
Tetragona expansa, 378, 50-! 
Telrapc:'wx papyrifenun, 231, 515 
Tclrapterys, 283, 284, 511 
Textile fibers, 18-11 
Thea sinensis, 513 

Theine, 475 
Theobrol/la Cacao, 204, ·176, 4ii, 513 
Theobromine, 15, 470 
Thorn apple, 257, 518 
Tltllja. occidenlalis, 88, 497 

plicala, 89, 497 
Thyme, 179, 188, 465, 518 
Thymeleaceae, 514 
Thymol,465 
Thymus vulgaris, 465, 518 
Tilia alllericana, 96, 513 

cordala, 114, 513 
glabra, 513 

Tiliaceae, 20, 513 
Tillandsia usneoides, 50, 500 
Timher, 66 
Timbo, 266, 508 
Timothy, 344, 4\)8 
Toadstools, 202 
Tobacco, 107, 231, 268-275, 287, 280, 

518, 510 
Toddy, 219, 400 
Tomato, 199,287, 28n, 383-38-!, 3D\), 484, 

518 
tree, 435, 518 

Tonka beans, 273, 453, 462, 508 
Toolla ciliata, 511 
Toquilla, 44 
Torula yeast, 239, 495 
Tont/opsis utilis, 239, 405 
Totaquina, 251 
Totam, 117, 496 
Trachylobilllll l'erTiICOSIlIII, 154, 509 
Tmgasol, 153, 3-!6 
Tragopogoll pornfolillH, 31il, 520 
Tree cotton, 25, 513 
Tree legumes, 345-3-!7 
Tree tomato, 435, 518 
Trifolium hybridll1ll, 344, SOD 

inrarnallllll, 344, 50D 
pratense, 3-!4, 50n 
repellS, 344, son 

Trigonella !OCIlIlIll-graeclllll, 458, 509 
Trilisa odorali'ssima, 273, 520 
TripsacllJlI, 308 
Triticill/! acslil'llIlt, 297, 400 

compactllln, 298, 499 
dicoCCIlIIl, 208, 400 
dllrlllll, 298, 499 
1I1011OCOCClll/!, 208, 499 
p%lliclllI!, 298, 409 
sativllIll, 208, ·100 
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TriticuJIl Spclta., 298, -199 
/enax,2G8 
TiJllopi!cai, 2G8, 300, -199 
tllrgidll III , 2U8, -I1l0 
l'Il/gare, 20S, -I01l 

Tropacolaccac, 510 
Tropacoilllll IllbcroslIlI!, 368, 36U, 510 
Tropical fruits, -106-435 
Truffles, 291, 293, 495 
TSliga canadensis, 90,91, 1U), 220, 497 

lieteropliylla, 90, IE), 22V, 4\), 
.11 erlcnsialla, 90, 49, 

Tuba, 265, 50S 
Tuber aeslil'lUlL, 293, 495 

b/'U/na/e, 293, 495 
lIlc/alloSpOTlUll, 293, 495 

Tubcrosc, 176, 179, 188, 501 
• Tubers, 359 

Andc,m, 360 
South American, 368 

Tub istle, 37, 501 
Tulip trcc, 70, 75, 78, 85, 104, 505 
Tung oil, 193-194 
Tung-oil trce, 103, 194, 511 
Tunis grass, 325, 344, 498 
Tupelo, 67, 69, 75, 86, 104,516 
Turmcric, 127, 130, 131,442, 501 
Turnip, 287, 289, 362, 370, 506 
Turpentine, 81, 162-167 

Bordeaux, 167 
Jura, 167 
oil of; 162, 164, 165, 177, 190 
spirits of, 102, 105 
Strnsbonrg, 107 
Venctian, 167 

Turpcntinc industry, 102-1GO 
Turpcntines, 162-167 
Typha angus/l/o/ia, 49, 4\)7 

latifolia, -l0, -l07 
Typhaceae, 407 
Tyrothricin, 262 

U 

Ucuhuba buttcr, 200, 505 
Ullucu, 3138, 309, 504 
UllUCliS tubcroslI8, 368, 3()\), 504 
Ulmaceae, 503 
Ulmus amcricana, 99, 100, 503 

campeslris, 503 
full'a, 503 
prorcl'{J, J J 4, 503 

Ulmus l'aCCmOSfl, 503 
rllbra, 251, 503 
'l'lzomosi, 9!J, 503 

Ull'a /aciuca, 2\);3, ·H)5 
Umbc!li/c/'{/l', 153, 172, 174, 175,451,4[>; 

515-516 
UIICflJ'ia Grlll/bil', 123, 12.!, 51\J 
Cpa,; tree, 50, 503 
Urella /olmla, 34, 513 
Ur!JinCll lIlarilillla, 2.!7, 2()7, 500 
Urti('aecac, 20, 50.! 
Uruc(l, 133, 514 

V 

VaceinilUlI an!JllslifoliIlJll, 402, 5113 
alrococelwl, 402, 516 
cOllar/ense, 516 
corYlilbosllll!, 401, 402, 5IG 
maCI'OCarpOIl, 402, 516 
membranacelun, 402, 5113 
Illyrliiloides, 402, 516 
omilwl, 402, 510 
OXYCOCClIS, 402, 516 
pcltnsyl!'(llliclUIl, 51G 
vocillans, 402, 516 
T'itis-Idaca, -102, 51G 

var, minus, 402, 51G 
Valerian, 2'!7-248, 519 
Valcrialla O.(TidIWiis, 217, 51() 
Yalerianaccae, 519 
"alonia, 12-1 
Vanilla, 287, 438, 453--454c, 502 

wild, 273, 520 . 
Vanilla jragrans, 502 

planifolia, 453, 502 
POlllpolla, 453, 45.!, 502 

Yaleria inriica, 157, 514 
Vegctable fats, 102, 1(l3, 201-206 
Vegetable ivory, 240-241 
"egctablc parchment, 234 
Vegetable sponge, 51, 5Hl, 520 
Vegctable tallow, Chinese, 205, 511 
VegctablcH, 35!J-384 

earth, 359-372 
fruit, 37\)-384 
herbage, 372-379 

Vehicles, 70 
Velvet bcan, 33G, 3.!3, 509 
Vcncers, 74-75 
Venctian turpentine, 167 
Verlienar('(le, 518 
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, ~03 
'.~, 509 
,il of, 184, 400 
" anioides, 184, 4!10 

l'icia}'aba, 336, 341, 500 
"dim, 345, 500 
l'illosa, 345, 509 

Vigna sinensis, .336, 340, 500 
Vinegar, 351, 380, 480 
Fio/a odorata, 185, 514 
Fio/aeeae, 514 
Violet, 176, 179, 185, 447, 514 
Yiro/a, 20G, 505 
Viscose products, 239 
Fitaccac, 513 
Vitamins, 16,264,290,291,294, 359, 373, 

407, 412, 422 
Filis aestim/is, 308, 513 

Labrusca, 398, 513 
Totunilljo/ia, 308, 513 
ulillfera, 397, 308, 485, 513 
I'll/pina, 398, 513 

Volatile oils, 13, 175-100 

Walnut, 54, 68, 70, 104, 115, 287, 280' 
348, 355-356, 502 

black, 75, 85, 104-105,287, 355, 502 
English, 114, 196, 356, 502 

~Yalnut' oil, 196 
'Vater cress, 378, 506 
\Yatermelon, 199, 287, 307, 519 
Wattle, 121, 507 
Wax, 15, 206-208 

candelilla, 206, 511 
carnauba, 206, 499 
cauassue, 207 
jojoba, 208 
myrtle, 207 

Wax tree, Japanese, 208, 512 
Weld, 127, 130, 506 
Wheat, 12, 44, 231, 287-290, 2D6-306, 

472, 492, 499 
club, 21)8-301, 4119 
common, 298, 300, 301 
durum, 297, 2~·3. 300, 301, 306, ·11l9 
hard, 288, 300, 306 
Polish, 298, 299, 41l1l 
poul~.rd, 298, 290, 400 
soft, 288, 2U7, 300, 306 
sprir:g, 300, 301 
winter, 300, 301 

Wheat starch, 221, 223 
"'hisky, 491--492 
White potato, 287, 289, 366-368, 491, 5U) 
Whitewood, 104 
Wickerwork, 46--47 
lVickslrocmia callcsccns, 231, 514 
Wild rice, 331-332, 4fHl 
Willo\\', 44, 45, 79, 107, i 14, 121, 5C2 
'Yine grape; 397-398, 405, 513 
\Yine-producing countries, 486-,188 
Wines, 485--488, 492 
Wintergreen, 175, 177, 188, 466--467, 484, 

490, 516 
Witch hazel, 177, 256, 506 
Woad, 127, 130, 506 
Wood, 1, 7, 52-81 

decay in, 62· 
defects in, 61-63 
diagnostic features of, 54-57 

• figure iIi., 56-57 
grain in, 56-57 
importance of, 52-53 
insect damage to, 61-62 
mechanical properties of, 57-59 

factors influencing, 59-63 
porolls and nonporous, 54, 55 
presen~ation of, 62-63 
seasoning of, 61 
structure of, 53-57 
uses of, 63-81 

Wood alcohol, 80-81, 226 
\Yood alloys, 76 
\)'ood distillation, 80,81 
Wood fibers, 8, 20, 53, 54,228-230 
Wood flour, 79 
'Yood gas, 80, 81 
\Yood oil, 80, ]71 
Wood pulp, 231-233, 234 
\Yood sligar, 239 
1Y00d tar, 80, 81 
'Yood turpentine, 81 
\\'ood wool, 78 
Wood-working industries, 68-71 
Woods, of temperate Xorth America, 

88-107 
of tropical Amcricil, 108-113 

Wormsec(l, 177,244, 2!l8, 2C,1, .'i0·1, 520 
'Yorm\\·ood, 177,257, 520 

x 
Xal1lhorrhoca australis, 160, 501 

hasiiiis, 160, 501 



;':anthorrhoea laicalla, 160, 501 
XallthoslIIa sa[lil/Ijo/illlll, 371, 500 
Xylia dolabl'lforlllis, 50D 

xy/ocarpa, 116, 50D 

y 

Yajr', 283, 511 
Yam, 287, 28D, 3G3, 364, 501 
Yam bean, 368, 50D 
Yaupon. 4&2, 512 
Yautia, 371, 500 
Yellow poplar, 101 
Yew, 114, 115, ·HlG 
Ylang-ylang, J81-182, 505 
Yoeo, 483, 512 
Yuea, 364 
l'llcca, 37, 4D1, 501 

z 

Zacaton, 43, 4D8 
Zalllia fioridana, 22·1, ·106 

Zanihoxyllllll ;7ul' II iii , 113, ;jIll 
Zapatefo, 10!), 5H 
Zea, 307 

1ll aY8, 306, 308, I!)D 
val'. allly/acca, 4Dn 
val'. crylhrolcpis, ·lD\) 
\'ar. everla, ·HJD 
var. illdelliala, 4D!) 
val'. induraia, ,laO 
val'. praecox, 4aa 
var. I'll [l08a, 4!)D 
var. saccharaia, 400 
var. tlillicala, 40!l 

Zetioary, 188, 442, 501 
Zein, 313 

. Zill[liber o.tTicinc.lc; ·130, ·140, 501 
Zill:;iberaceae, 501 
Zizallia wpwiiea, 331, 41)\} 

val'. anljils!i:fo!ia, 331, .1\)') 

pa/Ilsiris, 4\)\) 

Zizyph'ls JUjil/)(/, 160, 423, -1~4, 512 
;cy:opyrlls, 1GO, 512 

ZYljophyliaceae, 520 




