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MISCELLANEOUS

PLANTS
By LOREN G. POLHAMUS, Collaborator

Crops Research Division, Agricultural Research Service

Need for New Sources of Crude Rubber

The United States Department of Agriculture has been interested in

natural sources of crude rubber since the latter part of the 19th centmy.

Department scientists in the opening years of this century made a de-

tailed survey of the cultivation of the Castilla rubbertree in Mexico {2)}

At that time they urged caution to American investors who were putting

milhons of dollars into highly speculative Mexican rubber plantations.

The United States Department of Commerce has also been interested

for many years in sources of rubber and in its ever-growing economic

importance. The strategic importance of rubber was forcibly emphasized

during World War I when encircled Germany tried desperately but

rmsuccessfully to synthesize a satisfactory substitute for the natural

rubber it no longer could import.

Following the end of that war, this country recognized that rubber had

become a strategic commodity and that, with regard to its sources of

supply, the position of the United States might be as precarious as that

of Germany. Industriahsts Harvey S. Firestone and Henry Ford joined

with inventor Thomas G. Edison and the then Secretary of Commerce
Herbert Hoover to inform the American public as to the growing impor-

tance of rubber and the strategic liabihty of depending on somces on the

the other side of the world. ^^America,” they said, '^should produce its

own rubber.”

^ Italic numbers in parentheses refer to Literature Cited, p. 24.



Congress recognized the problem, and in 1922 it granted the Secretary

of Commerce an appropriation of $500,000 to investigate sources of crude

rubber. Of this smn, $100,000 could be allocated to the Department of

Agriculture to investigate rubber production in the Western Hemisphere

and the Philippine Islands. This allocation from the Department of

Commerce constituted the first funds received by the Department of

Agriculture that were earmarked specifically for investigating the pro-

duction of rubber. This first allocation has been supplemented by direct

annual appropriations since then.

The Department of Commerce made a worldwide survey of rubber

production and marketing and published the results of its surveys in its

Trade Promotion Series (d, 6, Jd, J4, 15, 16, Id). Specialists from the

Department of Agriculture assisted in the surveys made by the Depart-

ment of Commerce in the Western Hemisphere and in the Philippines.

The Department of Agriculture published reports by its specialists on

surveys in Brazil, Dutch Guiana, and the island of Trinidad (7, 12, 17).

Simultaneously with the survey of existing sources of rubber, the Depart-

ment of Agriculture initiated research on rubber production in the

Western Hemisphere. Tapping experiments were started on a small

planting of rubbertrees on the northern coast of Haiti (16). These

plantings consisted of Castilla, Ficus, Funtumia, Hevea, and other

rubber-bearing plants. Only the Hevea rubbertree was found worthy

of continued study.

In the United States, experimental plantings were started at Coconut

Grove, Fla., and at Bard, Calif. Many tropical rubber-bearing plants

were imported and studied under cultivation in Florida. The plantings

at Bard, Calif., were used principally for the study of desert rubber-

bearing plants, the chief of which was the desert milkweed, Asclepias

subulata. The work of a private company with the desert rubber-bearing

shrub Parthenium argentatum was kept under observation, but it was not

felt necessary to divert any of the limited government funds to duplicate

work already underway at private expense.

Public Reaction

The speculative boom in rubber planting in Mexico during the early

years of the 20th century resulted in the loss of many millions of dollars

by investors in the United States. It did serve to awaken the American

public to the growing importance of rubber. The appeals of Firestone,

Ford, Edison, and Hoover in the 1920’s qruckly found an answering chord

among people of every age and position in the United States. Rubber

became an important category in school curricula, and government

agencies were flooded with requests for information from school children

and their teachers. Educational pamphlets and exhibits became im-

portant parts of the informational material supplied correspondents by

the large rubber-manufacturing companies.
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Men, women, and children began to think in terms of ^America should

produce its own rubber.” They knew that most of our natural rubber

was obtained from the Para rubbertree. Moreover, the impression per-

sisted that Brazil was the chief source of our rubber for many years after

the increase in plantation production in the Far East placed Brazilian

production in a position of relative unimportance.

Hundreds of plants throughout the world have been used as sources of

crude rubber to a lesser or greater degree. In the United States, Hall and

Goodspeed (4) and Hall and Long (5) of the University of Cahfornia

made surveys of native plants of the West that contained rubber and

reported a surprising number as having significant amounts. Every

plant that had a milky juice, a gummy exudate, a sticky feeling, or just

no other apparent use became suspect as a potential source of rubber.

The Department of Agriculture, having assumed responsibility for

investigating the production of rubber in the Americas, became recipient

of inquiries as to sources of rubber. Individuals throughout the country

became interested in studying the plants around them and speculating as

to their potential value as sources of rubber. From 1920 to 1945, hun-

dreds of people went to considerable personal trouble and expense to

collect and furnish the Department with plants that they hoped might

contain significant quantities of rubber. Many samples were supplied

to the Department direct; some were furnished through other agencies

in the Government; and some were supplied through members of Congress.

Wherever possible, the Department made a botanical identification of

the plants and a chemical analysis to determine the rubber content.

Then, it furnished the individual submitting the sample with that infor-

mation, together with such additional information regarding the plant as

a possible source of rubber as might already be available.

Without doubt, many of the individuals who furnished samples of

suspected rubber-bearing plants to the Department for analysis were

imbued with the prospect of personal gain. Others were chiefly interested

in performing a patriotic service.

Type of Material Analyzed

Specimens submitted to the Department for analysis varied con-

siderably. In most cases, the collector gathered the available plant

material, wrapped it up, and mailed it to the Department. Often such

material arrived in a state of decay that made identification difficult and

analysis uncertain. In many cases, insufficient material was sent for

definite botanical identification. In some cases, evidently an effort was

made to prevent identification in the hope of obtaining exclusive infor-

mation that might lead to personal gain. In some cases, ground samples

were submitted; sometimes extracts; often only a gum or resin; once a

"ample of Hevea latex was submitted as coming from poinsettia. To
void furnishing reports that might be misleading, botanical specimens
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were requested of plants from which questionable gums, resins, or latex

were received.

Many of the specimens were received from Department personnel

engaged in other activities but interested in collecting and submitting

samples of interesting looking plants that they encountered in the course

of their regular activities. The Department of Agriculture has made no

specific survey of possible rubber-bearing plants other than that made
by Mildred M. Pladeck, who was assigned to collect samples of native

species of goldenrod within a 100-mile radius of Washington, D. C. A
prehminary report was published in 1933 (11 ). For the sake of com-

pleteness, the published material is combined with that from subsequent

collections in the present report.

During World War II, the Department cooperated with the Board of

Economic Warfare, the Rubber Development Corporation, and other

wartime agencies engaged in determining what new sources of rubber

could be found in Latin America and other still-free areas of the world.

Employees of these agencies, either directly supervised by the Depart-

ment of Agriculture or in cooperation with the Department, submitted

samples of rubbers and other gums for chemical determination of the

rubber content. In the course of their search for new sources of rubber

from already recognized plants, these individuals also found other plants

that might be valuable in extending knowledge of the type and range of

rubber-bearing plants. These plants are included in this report.

Whenever possible, samples were subdivided into the different plant

parts in order to record where the rubber was formed in the different

plants. However, that was not always possible, and it was necessary to

analyze a composite sample of the material submitted. Such samples

could not be assumed to represent a composite of the plant from which

they were collected and certainly would not be considered as representa-

tive of the species. Such specimens are designated in this report as

''whole” and thus are representative of the whole sample submitted.

This would mean that more than just leaves or twigs or other specific

portions of the plant were analyzed. However, it might mean only

leaves and twigs from a bush or even a tree. If rubber is reported in

such samples, there is a fair assumption that under some conditions rubber

is formed in that species. If the report is that no rubber was found in

such samples, it may or may not indicate that that species does not form

rubber.

No coordinated survey of American rubber-bearing plants was

attempted. The samples received had been collected without regard to

seasonal variation in rubber content. Many plants do not accumulate

rubber during periods of active growth. Rubber accumulation occurs

in periods of retarded or suspended growth in most Temperate Zone

plants. Analyses included in this report were of plants collected at

random when the interest of the collectors dictated. It is quite probable

4



that in many cases higher rubber contents would have been found if the

collections had been made at more favorable seasons.

The address given by the collector is sho^m as the point of origin of

the sample unless information included with any sample indicated that

it was collected elsewhere. Inclusion of plants in these lists indicates

that to the best of our knowledge the plants were grc^vdng in the State

or States indicated as the origin of the individual samples. The plants

may have been ^\'ild or cultivated, native or introduced.

Methods of Analysis

At first, the gra^dmetric method of analysis described by Hall and

Goodspeed (4) was used for determining the rubber content of the speci-

mens. This is essentially a 3 -hour extraction of a 5-gram ground sample

^Hth acetone, followed by a 3 -hour extraction Avith benzene. After

drying, the benzene extract was weighed direct as rubber. Later, when
tests showed that the 3 -hour period was insufficient to assure complete

extraction, the length of the extraction periods was increased. It also

was found that adding 1 percent of trichloroacetic acid to the benzene

speeded up the solution of the rubber. No record was kept of the precise

details of the analysis used on these miscellaneous samples. The method

of analysis currentlv used ia routine research tests was used.

In many cases, the benzene extract did not have the characteristics of

true rubber. If time permitted and the sample was of some interest, the

extract would be redissolved in benzene and either be precipitated with

alcohol or be treated to transform the rubber into a bromide. Formation

of a bromide insoluble in 95 -percent alcohol was considered proof of the

identity of the extract as rubber. The benzene extracts of only a few

of these miscellaneous plants were checked in this manner, however,

because of the time involved.

Chemically, rubber is polyisoprene. Gutta, a second polyisoprene, is

also formed in plants. Both rubber, c?s-polpsoprene, and gutta, trans-

polyisoprene, are soluble in benzene and insoluble in acetone. The
methods of analysis used in our laboratory would not differentiate between

these materials. Examining the benzene extract from each specimen

and noting its physical character were standard practices. The leathery

extract from Eucommia ulmoides was knoMm to be gutta rather than

rid3ber, and similar extracts from other plants were assumed to be also.

This was true particularly with regard to plants belonging to the Sapo-

taceae. A precise determination of rubber and gutta could not be made
with the facifities in our laboratory. For the purpose of general testing

of miscellaneous plants, the benzene extract was designated as rubber.

That designation is followed in this report.

There was a significant variation in the character of the benzene

extracts of plants. Some of this variation was attributed to differences
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in the molecular weights of the rubber from different plants or from

different parts of the same plant. In general, rubber extracts with high

molecular weight are stiffer and less sticky than those with low molecular

weight. Soft, sticky extracts were also sometimes attributed to ineffec-

tive extraction of the resinous nonrubber materials by acetone or to the

oxidation of the rubber during the extraction period. It was on the basis

of this examination that a determination was made as to whether further

examination by precipitation or bromination was desirable.

Only the analyses made in the Washington, D. C., laboratories (trans-

ferred to Beltsville, Md., in 1942) are reported herein. Additional

miscellaneous analyses were made for correspondents in the research

laboratories in California. Those analyses have not been segregated

from the research data and are not included.

Presentation of Data

Table 1 gives the results of the analyses of miscellaneous plants tested

for correspondents from the continental United States and are not

included in formal research activities. Nearly half the species were of

the Compositae family, with fair representation from Apocynaceae,

Asclepiadaceae, and Euphorbiaceae—all known to contain important

rubber-bearing plants. Most of the other families are represented by

only one or two species. Table 2 summarizes the total plants tested

and the number that contained rubber. Table 3 gives a tabulation of

the families represented, the number of species tested in each family,

the number of tests made, the number that contained rubber, and the

number that showed no trace of rubber.

Table 4 shows the results of analyses of plants submitted from outside

the continental limits of the United States. These samples were submitted

largely by individuals with considerable knowledge of rubber production,

and the botanical range of the specimens was restricted almost entirely

to plant families known to contain rubber-bearing plants. A total of 54

species from 33 genera, representing 7 plant families, was tested. A
tabulation by family is presented in table 5.
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Table 2.—Total plants tested in table 1 and number containing rubber

Samples containing

—

Plants tested
Rubber

No rubber Total
Above 0.10 Below 0.10
percent percent

Families 34 10 11 55
Genera 105 17 19 141
Species 240 34 29 303

Table 3.—List ofplantfamilies from table i, showing number of species tested^ number of
samples analyzed^ and number of samples containing rubber or no rubber

Samples containing

—

Family Species Tests

Rubber ^ No rubber 2

Number Number Number Number
1 1 1

2 7 7
1 3 3
1 1 1

1 1 1

2 4 4
15 62 61 1
2 2 2
1 1 1

Aristolochiaceae 1 1 1

Asclepiadaceae 25 84 80 4
Berberidaceae 1 3 3
Boraginaceae 1 2 2
Cactaceae 2 3 3
Campanulaceae 2 6 4 2
Cannaceae 1 1 1

Capparidaceae 1 1 1
Celastraceae 4 8 8
Chenopodiaceae 3 1 3 3
Commelinaceae 4 8 8
Compositae 131 575 568 7
Convolvulaceae 1 1 1

Crassulaceae 2 2 1 1

Dioscoriaceae 3 4 3 1

Ebenaceae 1 1 1

Equisetaceae 3 2 2 i 1

Eucommiaceae 1 8 8
Euphorbiaceae 44 144 135 9
Fouquieriaceae 1 1 1

Fucaceae 2 2 2
Hamamelidaceae 1 1 1

Laminariaceae 3 1 1 1

Legiuninosae 7 14 12 2
Liliaceae 2 2 2
Lobeliaceae 2 2 2
Malvaceae 1 1 1

Martyniaceae 1 2 2
Moraceae 9 15 14 1

Nyctaginaceae 1 1 1

Nymphaeaceae 3 1 1 1

Onagraceae 3 20 18 2
Phvtolaccaceae . 1 1 1

Plantaginaceae 1 2 2
Polypodiaceae 3 1 8 8
Portulacaceae ... 1 1 1

Rhodophyceae 1 1 1

Rosaceae 3 1 3 2 1

Rubiaceae 1 2 2
Sapindaceae 1 4 4
Sapotaceae 3 6 6
Scrophulariaceae 3 1 1 1

Simaroubaceae 1 2 2
Solanaceae 2 2 1 1

Thvmelaeaceae 1 2 2
Zvgophvllaceae 1 1 1

’ A trace or more rubber found in at least 1 sample.
2 No rubber found in any sample.
3 No analysis higher than 0.10 percent.
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Table 5.—List of plant families from table 4, showing number of species tested^ number
of samples analyzed, and number of samples with and ivithout rubber

Family Species Tests
Samples containing

—

Rubber No rubber

Apocynaceae
Number

10
7
7

19
1

6
4

Number
25
14
17
61
2
19
6

Number
25
14
17
59
2
19
6

Number

Asclepiadaceae
Compositae
Euphorbiaceae
Leguminosae

2

Moraceae
Sapotaceae

Conclusions

No new valuable rubber crop has been found. However, much infor-

mation of scientific value has resulted. Through this extensive but un-

coordinated survey more information is available about plants that

accumulate rubber. Together with the surveys of Hall and Goodspeed

(4), Hall and Long (5), Buehrer and Benson (J), Mitchell, Rice, and

Roderick (d), Moxon and Whitehead (9), and the much more extensive

but as yet unpublished work of Thomas G. Edison, this survey gives a

comprehensive view of the plants in the United States that synthesize

rubber.
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