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RUBBER CONTENT OF NATIVE PLANTS OF
THE SOUTHWESTERN DESERT
BY T. F. BUEHRER AND LYMAN BENSON

INTRODUCTION
The shortage of rubber resulting from the Japanese occupation of the Dutch East Indies and other sources in the Southwest
Pacific stimulated a search for native rubber-bearing plants in
various sections of the great American desert. As a result, analytical data are available in the literature for a considerable number
of plant families occurring not only in the desert but in the
more humid parts of the country as well. The earliest investigations by Hall and Goodspeed (7) were made in 1917-19 during
the first World War under the direction of the California Council
for Defense and the University of California. Their studies included plants from the great American desert and the coastal
areas of California. In 1921 Hall and Long (8) extended the
survey of Hall and Goodspeed (7) to include some two hundred
twenty-five North American plants limited primarily to two
genera, Chrysothamnus (rabbitbrush) and Asclepias (the milkweeds) .
Since that time, and particularly since the entry of the United
States into World War II, similar surveys have been made by
investigators in other sections of the country. These include the
work of Doten (6), of Nevada, on rabbitbrush and of Mitchell,
Price, and Roderick (11) on plants native to South Carolina. The
possibilities of producing rubber from such native plants under
cultivation have been investigated by Beckett and Stitt (3) work-"
ing with Asclepias subulata at Bard, California, and Beckett,
Stitt, and Duncan (5) on Asclepias erosa. They studied the variation in rubber content of these plants in relation to season, climate, selection, soil, irrigation, and other cultural factors. Similar
studies on guayule, Parthenium argentatum, by Lloyd (10) and
on Cryptostegia (12) by Polhamus and Hill have shown the limits
of rubber content that may be obtained from these plant families
under various cultural conditions. Analyses have also been published for plants native to the state of Colorado (1), and a summary of the literature pertaining to rubber and other constituents
of the milkweeds has been prepared by Whiting (13).
The object of the present investigation was to extend our
knowledge of the rubber content of indigenous plants of the
southwestern desert beyond the work of Hall and Goodspeed
above cited. Because this region is characterized by numerous
unique vegetational types, particular attention was given to
those plant families which are not indigenous to other sections
of the United States. Due to wartime travel restrictions, it was
^Formerly Assistant Botanist. Resigned June 30, 1944.
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not possible to make as thorough a reconnaissance of such plants
in Arizona as was first intended. There was reason to believe
from preliminary studies that considerable variation in rubber
content might be expected in different species of the same genus
of plants, and even of a single species growing in different localities. This study was not restricted to the latex-bearing plants.
The latex plants which have, however, received attention are the
Euphorbiaceae (spurge family), Apocynaceae (dogbane family),
the Asclepiadaceae (milkweed family), and the chicory tribe of
the Compositae (sunflower family).
EXAMINATION OF THE EXTRACTION METHOD
Because of the variable nature of plant material and the empirical nature of the analytical methods in general use, it was
deemed desirable to make a preliminary study of these methods
to determine their accuracy and reliability.
The determination of rubber in plant materials has most
generally been carried out by a successive extraction procedure
which apparently was first developed by Hall and Goodspeed (7).
It involves extraction of two steps: first, with acetone which removes resins, fats, saponifiable oils, sugars, coloring matters,
essential oils and waxes; then with benzene, which is assumed
to extract the rubber substance. It is well known, however, that
benzene is also capable of dissolving a considerable number of
resins, coloring matters, essential oils, and certain waxes. The
reliability of any such method will, therefore, depend in considerable measure upon the completeness with which the groups
of nonrubber compounds are removed in the first extraction. The
physical factors of extraction time, size of sample, state of subdivision of the material, and the nature of the extraction procedure, whether continuous or intermittent, will evidently affect
the results obtained. A study of the influence of these factors will
be presented in the following sections.
REPRODUCIBILITY OF THE EXTRACTION METHOD

The first series of determinations was concerned with the reproducibility of the results in relation to the inherent nonuniformity of ground plant material Some plant materials, like
guayule, are hard, fibrous, and woody and difficult to grind to a
uniform degree of fineness. Others, like the milkweeds, which
were more leafy and succulent, can, upon being dried, be ground
readily to 60-mesh in the Wiley mill. The more resinous plants
are particularly troublesome to grind. The latex plants showed
a tendency to dry out very slowly. The usual procedure was to
chop the material as fine as possible in a laboratory ensilage cutter and to spread it out on paper to dry in the air. The material
was kept from direct sunlight, since ultraviolet light has a tendency to destroy or hasten the oxidation of the rubber substance.
Air-drying in the case of the most resinous and latex-bearing
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plants required as much as two weeks' time. Although drying
can be hastened in the vacuum oven, preliminary tests showed
that such drying resulted in considerable variation in the results
obtained, indicating at least partial decomposition.
After the material was dried, it was put through a laboratory
grinder to reduce it to a size suitable for final grinding in the
Wiley mill. There was no indication that grinding resulted in
any chemical change in the rubber substance. In some cases the
coarse laboratory mill reduced the material directly to 60-mesh,
making further grinding in the Wiley mill unnecessary. Numerous moisture determinations on the material in finally comminuted form showed the residual moisture to be of the order of
2 to 3 per cent. Only in the case of the most resinous material
was further vacuum drying resorted to so the results could be
reported on the dry basis. In most cases the air-dry moisture content was small enough to justify neglecting it in the calculations.
After the material was ground to 60-mesh, it was mixed by
rolling to give as uniform a sample as possible. Even under ideal
conditions of mixing, samples of plant material, especially those
high in rubber, are likely to be nonuniform in composition. As
the samples were weighed, portions were taken from various
parts of the stock bottle to make certain that the sample taken
for analysis was as representative as possible. For the reproducibility test, two samples of as different characteristics as possible
were chosen: Parthenium argentaturn No. 51 and Asclepias erosa
No. 140. A series of samples of each, weighing exactly 1 gram,
was weighed out and extracted by the continuous procedure,
first with acetone and then with benzene, each for a period of
sixteen hours on the Bailey-Walker extraction apparatus. The
samples were completely dried of acetone before extraction with
benzene. Since temperature of extraction and other conditions
are necessarily uniform during the extraction, the percentages
of extract obtained give an indication of the variation in the results that may be attributed to nonuniformity of the plant
material itself.
The results of this experiment are assembled in Table 1.
The data in Table 1 show a remarkbly close agreement
between the coefficient of variation of the mean for the respective
extracts, and therefore indicate that for extraction with a given
solvent the degree of reproducibility is the same even when such
dissimilar plant materials as guayule and milkweed are being
analyzed. This coefficient showed values of 1.25 and 1.12 per cent
for the acetone extracts, and of 2.49 and 2.85 per cent for the
benzene extracts. This agreement indicates that the extraction
method, if conditions are maintained as uniform as possible, will
yield results of comparable accuracy irrespective of the nature of
the plant material being analyzed.
It is of interest also to compare the precision obtainable in the
acetone extraction with that obtainable with benzene. The
benzene results show a coefficient of variation about twice that
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TABLE 1.—TEST OF REPRODUCIBILITY OF THE EXTRACTION
METHOD*
(Percentages expressed on basis of dry plant)
Parthenium argentatum
No. 51
Sample no.

2^
3
4
5
6
7
8

Mean
Standard dev. of mean
Coeffic :ient of variation of mean

Asclepias erosa
No. 140

Acetone
extract

Benzene
extract

12.17
12.56
12.97
13.09
12.88
13.20
12.50

6.61
6.74
6.63
7.24
6.73
6.97
6.97

18.89
18.69
18.90
18.59
18.63
18.70
18.94
18.39

12.62

6.70

18.72

0.158

Acetone
extract

Benzene
extract

5.13
5.06
4.96
5.34
4.70
5.65
4.37
5.42
5.08

0.167

0.209

0.145

2.49

1.12

2.85

!

1.25

|

^Extraction: continuous; material: 60-mesh; weight of samples: 1 gram;
time of extraction: 16 hours.

obtained with acetone, which must be attributed to errors inherent in the extraction process itself and possibly to partial
decomposition or oxidation which the rubber substance may
undergo during evaporation of the solvent. Considering the variation in percentage of benzene extract from sample to sample,
the differences are small enough to justify the conclusion that
when ground to 60-mesh and well mixed, the material is uniform
enough to make duplicate determinations unnecessary. Numerous
other preliminary determinations in which identical results were
obtained in duplicate samples substantiated this conclusion.
Grinding to a higher fineness than 60-mesh—for example, 100mesh—was considered not only unnecessary but actually undesirable, since it was frequently observed that 100-mesh material
would pass through the pores of the extraction thimble. On the
basis of this study only a single determination was made on the
majority of subsequent samples.
EFFECT OF VARYING THE SIZE OF SAMPLE UPON
COMPLETENESS OF EXTRACTION

The foregoing results were obtained on 1-gram samples. It
was considered desirable, however, to determine whether it
would be necessary in the case of plant material running low in
rubber to use larger samples. If the sample is unduly large, and
especially when the material is somewhat tightly compacted in
the thimble, there may not be adequate contact of solvent with
the material to effect complete extraction. If it is ground very
fine, there is a possibility of channeling of the solvent through
the mass, or of very slow percolation. Moreover, the larger the
sample the longer must be the period of extraction, with the result
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that other more slowly dissolving materials which are not desired may be brought into solution. In order to investigate this
effect, a series of samples of Parthenium argentatum No. 51
of
progressively increasing weight was subjected to continuous1 extraction and another similar series to intermittent extraction. It
is usually assumed that the longer contact of solvent with the
sample, as in the intermittent procedure, favors more nearly
complete extraction since it obviates channeling. The evident
advantage of the continuous procedure is that fresh solvent is
constantly coming into contact with the sample and the solution
of extracted material is continuously removed.
The data for this experiment are assembled in Table 2.
TABLE 2.—EFFECT OF VARYING WEIGHT OF SAMPLE ON AMOUNTS OF
ACETONE AND BENZENE EXTRACTS OBTAINED*
Continuous extraction
Weight
of sample
(gwi )
0.5000
1.0000
1.5000
2.0000
25000
Mean
per cent

Acetone Benzene
extract
extract
(#)
(#)
7.04
12.62
11.53
7.11
7.02
1105
11.05
715
699
11.23
714
1051
11.34
700
11.30

7.06

Intermittent extraction
Total
extract

Weight
sample
(gm)

19.66
18.64
1807
18.20
18.22
1765
18.34

0.5000
1.0000

(9O

18.40

Acetone Benzene Total
extract
extract extract
C*)
(9i)
(tf )
12.18
6.46
18.64
11.40
6.54
17.94

1.5000
2.0000

1155
11.30

6.70
6.50

18.25
17.80

2.5000

11.33

6.56

17.89

11.55

6.55

18.10

*PJ«mt u^ed Parthenium argentatum No. 51; fineness; 60-mesh; time of extraction:
6-7 hours.

The foregoing results show that within limits of error of the
method, the amount extracted by either solvent is substantially
independent of the size of sample taken, up to 2.5 grams. The
agreement as shown by the mean values for the continuous versus
the intermittent extraction shows that about 0.5 per cent more
rubber substance is extracted by the continuous procedure. The
difference may be explained on the basis of the frequently observed fact that rubber forms a benzogel which, under conditions
of intermittent extraction, appears to prevent the free movement
of benzene through the sample. This effect is especially evident in
samples high in rubber. Although the thimbles were of porous
paper and placed in the readily draining siphon cups of the
Bailey-Walker type, these cups frequently filled up with solvent
instead of draining out through the siphon tube when full. This
effect was observed whether the rate of condensation of solvent
was slow or rapid. The result of such behavior is a considerably
slower rate of extraction, and hence, unless the extraction time
is greatly extended, the extraction is likely to be incomplete. In
l

The terms *'intermittent" and "continuous" are here used in the conventional sense: In the intermittent process the solvent as it distills over,
collects, and remains in contact with the sample until a sufficient amount
has accumulated to siphon over automatically, as in the Soxhlet type of
extractor; in the continuous process there is no accumulation of solvent, as
it leaches through the sample continuously.
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the continuous procedure there is the same tendency to form a
gel, but there is no retardation of movement of the solvent, and
with fresh solvent continuously coming in contact with the
material a higher percentage of extract will be obtained in an
equal period of time. Such gel formation does not manifest itself
in the acetone extraction, hence the extraction is equally rapid
whether continuous or intermittent. In either case, excessively
large samples are undesirable because of the greater length of
time required for complete extraction.
When we sum up the percentages of acetone and benzene extract obtained with the different samples, we find the total
amount of extractable material obtained from any given sample
to be substantially the same by either method, the differences
being within the errors of the method and of nonuniformity of
the material. The data also show that a %-gram sample extracted
for seven hours yields a higher percentage of acetone extract
than samples of larger size extracted for the same length of time.
The low surface tension of acetone and its dehydrating action on
the plant colloids account for the high efficiency of the acetone
extraction. The large Whatman extraction thimble (37 mm.
diameter and 44 mm. depth) is preferable to the small size (23
mm. by 40 mm. depth). Norton alundum thimbles were tried
out in this connection but were found to be unsatisfactory. Due
to the higher heat capacity of the alundum, the solvent appeared
to evaporate from the pores of the thimble and actually prevented the movement of solvent through it.
After completing a set of determinations, the thimbles must
be cleaned in fresh solvent to remove the finest particles from
the pores, as these particles are likely to pass through during
subsequent extractions. The size of sample found to be most
satisfactory for this study was 1 gram, and samples of this size
were used in all determinations on plant material.
EFFECT OF VARYING TIME OF EXTRACTION,
KEEPING THE WEIGHT OF SAMPLE CONSTANT

It has already been suggested that time is an important factor
in such extraction methods. The time required varies with the
fineness of material, size and compaction of sample, and upon
whether the extraction was continuous or intermittent. It also
varies with the nature of the plant material; that is, whether
fibrous and woody or tender and succulent. To investigate this
factor, 2-gram samples of Parthenium argentatum No. 51 were
weighed out, nine samples per series. One series was subjected
to continuous, the other to intermittent, extraction and the
samples were taken off at successive intervals of time. The data
are shown in Table 3.
The results in Table 3 show that the extraction does not
approach a constant value until after a period of about thirteen
hours. This is evident from the data for the acetone extract and
for total extractable matter. They show that the three-hour ex-
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TABLE 3.—EFFECT OF VARYING TIME OF EXTRACTION UPON THE
AMOUNT OF ACETONE AND BENZENE EXTRACT OBTAINED
Time
(hrs.)

1

2
3
4
5
7
13
16

2.5
3.5
4.5
5.5
6.5
8.5
13.5
15.5

Acetone
extract
(%)

Time
(hrs.)

Benzene
extract
(%)

9.71
10.48
10.52
10.86
11.94
11.66
12.65
12.52

Intermittent
1
2
3
5
6
7
14
16

6.18
6.58
6.43
6.78
6.34
6.82
6.69
6.67

10.62
10.76
10.40
11.45
11.32
12.19
12.20
12.30

Continuous
l
3
4
1
5
6
8
12.5
13.5
15.5

6.10
6.40
6.49
6.13
6.50
6.49
6.53
6.57

Total
extract
(%)

i
i
1
!

,

!

i
i
I
|

15.89
17.06
16.95
17.64
18.28
18.48
19.34
19.19
16.72
17.16
16.89
17.58
17.82
18.68
18.73
18.87

Sample used: Parthemum argentatum No. 51. Size of sample, 2 grams.

traction time recommended by Hall and Long (8) is not sufficient
to yield all the extractable matter.
For the purpose of determining the completeness of extraction
it seems that the time required for the total amount of matter
extracted to become constant is a more reliable criterion than a
consideration of either of the individual extracts. The benzene
extract data are rather erratic. In some instances the maximum
amount obtained was approached rather closely even after the
first two hours of extraction. The erratic behavior is evident
chiefly in the data for the intermittent extraction. This behavior
is consistent with the observation previously mentioned that
rubber forms a benzogel which goes into solution rather slowly.
In the continuous procedure the benzene extracts obtained did
not increase appreciably after the first four hours of extraction,
which fact substantiates our earlier conclusion that the continuous method is greatly to be preferred over the intermittent.
However, since this test of the time factor was made with only
one type of plant material, and since the empirical nature of the
method makes it desirable to keep all experimental factors constant, it was decided to adopt sixteen hours as the extraction time
for all subsequent work with plant materials, both for the acetone
and the benzene extracts.
CONDITIONS AND PROCEDURE FOR EXTRACTION
FINALLY ADOPTED

On the basis of foregoing studies, the procedure finally adopted
for this investigation was as follows:
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The plant was first chopped up as fine as possible in a laboratory ensilage cutter and spread out on paper to dry. After it was
air-dried it was ground in an ordinary laboratory mill and thereafter the Wiley mill to approximately 60-mesh fineness. It
was finally oven-dried at 70 degrees C if considered stable, or
in vacuo at 40 degrees C. If highly laticiferous and likely to decompose, it was not considered safe in any case to dry it at 100
degrees C. One gram of the dried material was weighed accurately into a large size S. and S. or Whatman extraction thimble,
and extracted on the Bailey-Walker apparatus with pure dry acetone for a period of thirteen to sixteen hours. After having been
dried in the vacuum oven at 40 degrees C, it was extracted in a
similar manner with anhydrous benzene for sixteen hours. The
acetone and benzene fractions were evaporated to dryness on the
water bath, and the benzene fractions finally were freed of last
traces of benzene in the vacuum oven at about 5 mm. Hg pressure
and 40 degrees C. The acetone fractions were dried in the ordinary oven at 70 degrees C.
TEST OF THE BHOMINATION METHOD OF
DETERMINING TRUE RUBBER HYDROCARBON
In view of the empirical nature of the extraction method, it
was considered desirable to make an independent determination
of the true rubber substance by the bromination method to
verify the percentage of rubber assumed to have been obtained
in the benzene extracts. For this purpose the procedure developed by the Eastern Regional Research Laboratory of the
U.S. Department of Agriculture was employed. The method,
modified in several respects, is as follows:
A volume of the benzene solution containing 30 to 50 mg. of
true rubber hydrocarbon is transferred to a 150 ml. beaker. The
volume of rubber solution should in no case exceed 25 ml.; if a
smaller aliquot is taken, it should be made up to 25 ml. with pure
benzene before bromination. The brominating solution is prepared by dissolving 2 grams of iodine in 100 ml. of pure carbon
tetrachloride, filtering, and adding 5 ml. of pure bromine. To the
unknown rubber solution is added 5 ml. of the brominating solution and the mixture let stand for one hour with frequent
stirring to disintegrate the precipitate which separates out.
Seventy-five ml. of 95 per cent ethanol is added to completely
precipitate the rubber tetrabromide formed. The precipitate
should be coarsely flocculent. The solution with precipitated
tetrabromide is allowed to stand at least two hours at room
temperature before it is filtered, in order to be sure of complete
precipitation. The solution is then filtered through a weighed
Gooch crucible and the precipitate washed with at least three
10-ml. portions of 95 per cent ethanol. The crucible and contents
are dried to constant weight in a vacuum oven (5 mm. Hg and
50 degrees C), cooled in a desiccator, and weighed. The empirical
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factor for calculating the amount of rubber hydrocarbon from
the tetrabromide precipitate must be predetermined by standardization against known samples of pure rubber. (The factor
proposed and used by the Eastern Regional Research Laboratory
is 0.285.)
In order to ascertain the extent of recovery possible by this procedure, a series of determinations
was made with a sample of
rubber of high degree of purity2, from which the protein, resins,
and other impurities had been completely removed. A solution
of this rubber was prepared, using freshly distilled benzene from
which air had been removed by boiling. The pure rubber sample
had been supplied in a sealed tube under nitrogen to prevent
oxidation, hence it was necessary to work as rapidly as possible
to avoid appreciable oxidation of the rubber during the determination. This solution contained approximately % gram of the
pure rubber in 250 ml. of benzene, having been put into solution
by refluxing for two hours. The concentration of the solution
was checked by weighing several 10 ml. portions, evaporating
them to dryness in vacuo, and weighing the rubber residue.
Analysis by bromination was made on 10 ml. samples of this
solution by the procedure given above. The tetrabromide precipitates were nearly pure white, coarse and flocculent, and were
completely retained by the Gooch crucibles. They showed no
evidence of change or decomposition on drying.
The data are assembled in Table 4.
TABLE 4.—DETERMINATION OF QUANTITATIVE FACTOR FOR
CALCULATION OF PURE RUBBER HYDROCARBON FROM
WEIGHT OF TETRABROMIDE
Weight of rubber
Weight of
rubber taken
Sample no.
tetrabromide found
Factor
(gm.)
(gm.)
1
0.2900
0.0200
0.0690
2
0.0694
0.2968
0.0206
0.0687
0.2911
3
0.0200
4
0.0691
0.2966
0.0205
0.0204
0.0694
0.2939
5
0.2937
Mean
0.294
Rounded to

The value of the factor here found is somewhat higher than
that reported by the Eastern Regional Research Laboratory,
which was 0.285. In view of the fact that bromination involves
addition of bromine at the double bond in the rubber molecule,
it is evident that any extensive oxidation of the rubber prior to
bromination would result in a lower tetrabromide factor rather
than one of greater magnitude. Moreover, any impurities such
2

This material was kindly furnished to the authors by Dr. John McGavack,
of the Research and Development Department, United States Rubber
Company, Passaic, N. J., whose assistance in this matter is hereby gratefully acknowledged.
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as resins or proteins which do not absorb bromine would tend to
lower the value. The theoretical factor for conversion of isoprene
tetrabromide to isoprene is 0.2986, hence it follows that the value
reported in this study—namely, 0.294—is in phenomenally close
agreement. The deproteinated rubber sample used as a standard
in this work must therefore have been a material of high degree
of purity. For this reason the factor 0.294 was employed in all
calculations of bromination data to be reported in subsequent
sections of this bulletin.
DETERMINATION OF TRUE RUBBER HYDROCARBON
IN BENZENE EXTRACTS OF PLANT MATERIAL
BY THE BROMINATION METHOD
Having established the quantitative factor for the bromination
method, the procedure was then applied to benzene extracts
obtained from a selected series of various plant materials. The
determinations were made in duplicate on the original dry plant
material, and on a third sample of each material subjected to
prior acid hydrolysis as described in a later section of this bulletin. The results of this study are given in Table 5.
TABLE 5—DETERMINATION OF TRUE RUBBER HYDROCARBON IN BENZENE
EXTRACTS OF PLANT MATERIAL BY THE BROMINATION METHOD

(All percentages on the dry basis)

Plant
analyzed
Amsonia hirtella .
Apocynum suksdorfii var angitsti folium
Asclepias erosa
Cryptostegia
grandifiora
Cynanchum sp
Funastrum
cynanchoides
Garrya wnghtu
Lachnostoma
anzomcum
Parthemum
argentatum
Sohdago canaden&ts var anzomca

After acid
No prior treatment
hydrolysis
Sample
no
Benzene Rubber Benzene Rubber Benzene Rubber
extract found
extract
found
extract
found
58

2.92

259

295

283

205

171

74
140

1.13
457

0.79
403

128
470

041
427

0.74
494

0.52
453

82
75

8.91
240

858
1.90

719
228

825
2.22

719
251

792
206

139
130

129
240

058
2.14

2.35

206

051
207

025
190

125

110

096

141

106

1.02

101

153

831

913

905

9.18

7.97

758

91

140

120

1.86

137

126

132

The data in Table 5 give an indication of the extent of recovery of true rubber substance from the benzene extracts, which
under the conditions of the determination should have contained
no acetone or benzene-soluble resins and which theoretically consisted of pure rubber. There is, of course, a possibility that some
of the plants may have contained benzene-soluble resins that
were not soluble in acetone and hence not removed in the first
extraction. Since such resins do not as a rule undergo bromination as does rubber, we can account for the fact that in several
instances the percentage of rubber in the foregoing table was
appreciably less than that of the benzene extract from which the
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tetrabromide had been precipitated. The actual recovery is within
a range of 70 to 100 per cent for most of the plants. In the case
of Funastrum cynanchoides the recovery was less than 50 per cent,
which indicates that some benzene-soluble resins were present
(Table 7).
In nearly all cases, the percentages of rubber hydrocarbon as
found by bromination are in fair agreement for any one plant,
notwithstanding the fact that in the third set of 'determinations
the plant material had been subjected to prior acid hydrolysis.
There appears to be an unavoidable loss of the rubber substance
when the sample is subjected to hydrolysis, possibly due in part
to decomposition and in part to loss in colloidal form in passing
through the filter. Hence the percentages of rubber in the hydrolyzed samples were, as a rule, considerably below those in untreated samples. Within limits of the errors inherent in both the
extraction and bromination methods, the agreement between
percentages of rubber substance found and their corresponding
benzene extracts suggests that for practical purposes the extraction method is a fairly reliable indication of the amount of
rubber present in a given sample. When there is doubt as to the
composition of the benzene-soluble extract, it is wise to confirm
the percentage of rubber by brominating and weighing the tetrabromide as here described.
COMPARISON OF AMOUNTS OF ACETONE AND
BENZENE EXTRACT OBTAINED FROM PLANT
MATERIAL AFTER DIFFERENT PRELIMINARY
TREATMENTS
Since the rubber in most plant materials is associated intimately
with the fibrous constituents and starch, it was felt that the
extraction method might in general yield low results, especially
in view of the fact that grinding to various degrees of fineness
had shown marked differences in rubber content even in a
single type of plant material. Hence it was thought that if the
material were first decomposed by a process which would disintegrate the nonrubber constituents while leaving the rubber unchanged, the results obtained by extraction would be more nearly
correct. Two types of prior treatment were used: (1) digestion
with an acid solution to hydrolyze starches and hemicelluloses,
and (2) treatment with steam.
PRIOR ACID HYDROLYSIS

The procedure employed in this case was furnished the authors
by the Eastern Regional Research Laboratory of the U.S. Department of Agriculture (13). For milkweeds and similar readily
hydrolyzable plant material a 0.8 per cent solution of oxalic acid
was used; for more resistant fibrous material, 2 per cent sulfuric
acid. A 5-gram sample of the dried, ground, and well-mixed
material was weighed into 100 ml. beakers and 25 ml. of the
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appropriate acid solution added. The mixture was boiled gently
for two hours, then filtered through an extraction thimble, and the
thimble and contents dried in the vacuum oven. Extraction was
then made with acetone followed by benzene in the manner
previously described.
HIGH PRESSURE STEAM TREATMENT
In this treatment 1-gram samples were weighed out into 100 ml.
beakers and placed in a high-pressure bomb. Steam at 40 pounds
per square inch was admitted, and the pressure maintained over
a two-hour period, during which a maximum temperature of 131
degrees C was reached. The samples were then taken out and
dried before extraction with acetone and benzene was accomplished.
COMPARISON OF THESE RESULTS WITH THOSE OBTAINED BY
EXTRACTION OF THE ORIGINAL UNTREATED MATERIAL
AND BY BROMINATION

The results obtained by these treatments, compared with
extraction data on the original samples, are shown in Table 6.
TABLE 6.—COMPARISON OF ACETONE AND BENZENE EXTRACTS OBTAINED
FROM PLANT MATERIALS AFTER DIFFERENT TREATMENTS
(All percentages on the dry basis)
Plant
analyzed
Amsonia
hirtella
Apocynum
suksdorfii var.
angiistijalium
Asclepias erosa
Cryptostegia
grandifLora,
Cynanchum sp.
Funastrwm
cynanchoides
Garrya
wrightii
Lachnostoma
arizonicum
Partheniwn
argentatum ...
Sohdago
canadensis
var. amzonica

Acetone extracts

Sample
no.

Orig.

58

20.67

9.28

74
140

16.00
17.62

82
75

12.71
10.75

Acid Steam
hydr. treat.

Benzene extracts

Rubber
bromSteam by
ination
treat.

Orig.

Acid
hydr.

26.34

2.53

2.50

3.09

2.63

6.97
9.22

18.68
17.93

1.89
5.75

1.06
4.94

1.19
4.83

0.56
4.39

8.64
8.12

16.20
12.72

7.19
2.58

7.07
2.51

5.82
2.53

8,00
2.00
0.40

139

17.13

13.50

23.12

0.79

0.66

0.87

130

26.31

10.30

27.74

2.66

2.60

2.50

1.96

125

10.14

6.33

10.48

1.41

1.02

1.07

098

153

13.86

10.03

11.53

9.51

8.40

8.73

8,41

91

12.63

13.30

25.23

1.90

1.26

1.28

1.28

The data of Table 6 bring out several points of interest with
reference to the desirability of subjecting the plant material to
preliminary treatments before making the extractions. As stated
before, the acetone extract represents a complex mixture of many
soluble plant constituents, notably the resins, waxes, sugars,
coloring matters, and the essential and saponifiable oils, which
may be expected to undergo marked changes when so treated.
It must be kept in mind that the primary object of the present
investigation was the determination of rubber, and the extrac-
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tions were made with acetone for the sole purpose of removing
constituents which might be more or less soluble in benzene. The
composition of these acetone extracts was not studied except
qualitatively in a few minor instances. It is of incidental interest,
however, to note the changes which occurred in the percentage
of acetone extract when they were subjected to these treatments.
First, the acid hydrolysis in all cases brought about a sharp reduction in the percentage of acetone extract. The steam treatment,
on the other hand, brought about a considerable increase in this
fraction, in some cases nearly doubling the amount of extract
obtained as compared with that of the untreated samples. The
loss in the acid treatment is due in part to volatilization of
essential oils, but in largest measure it is due to the necessity of
filtering the samples through the extraction thimbles subsequent
to the acetone extraction. During the filtration some of the constituents of the plant which are soluble both in water and acetone
are without doubt removed.
Of greater interest, however, is the behavior of the benzene
extracts in consequence of these preliminary treatments. It will
be noted that in almost every case a reduction, though in some
cases of small magnitude, occurred in the amount of benzene
extract obtained, following each of the treatments. The magnitudes of the percentages obtained are, however, in such close
agreement that in most cases they come within limits of error of
the extraction method. More striking is the fact that the benzene
extracts of the samples so treated are in closer agreement with
each other than with the percentage of extract of the original
sample. It appears that both these treatments have in general a
similar effect—that of breaking down the plant tissue and exposing the rubber to the extracting solvent. The reduction in the
magnitude of the benzene extract may be accounted for by actual
loss of benzene-soluble constituents, either by being rendered
soluble by the acid or by having been volatilized with steam.
Part of the loss may, of course, be attributed to partial decomposition of the rubber itself, though we have no experimental
evidence to confirm this point.
The bromination data in the last column of Table 6 on the whole
are in better agreement with the results of the treated samples,
notwithstanding the fact that the rubber determination was made
on the benzene extract from the original material. This observation substantiates the findings of some investigators to the effect
that more reliable determinations for rubber may be expected by
extraction of previously treated plant material than from the
original dried material. For the purposes of the present investigation, these treatment studies were made with a view to determining the essential reliability of the extraction method. The
differences observed in the benzene extract as a result of these
treatments were not regarded serious enough to warrant subjecting all the samples analyzed to such prior treatment, which
process would have been laborious and time consuming.
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COMPARISON OF PERCENTAGES OF ACETONE AND
BENZENE EXTRACT OBTAINED BY STRAIGHT
EXTRACTION WITH THOSE OBTAINED BY
EXTRACTION IN THE REVERSE ORDER
In connection with these extraction studies it became evident
that on duplicate determinations on a given material, whenever
the percentage of acetone extract was low the benzene extract
was correspondingly high, which fact suggests that part of the
acetone-soluble material was also soluble in benzene. Previous
studies on the solubility of rubber itself in acetone at its boiling
point had shown that the amount of rubber apparently going into
solution was so small as to be negligible. These findings indicated
that the percentage of rubber found in any given material would
be dependent to some extent upon completeness of extraction
with acetone. If it was incomplete, the resins and other benzenesoluble materials remaining would subsequently go into solution
and yield high results for the rubber content. The very slight
solubility of rubber in acetone makes it possible to extend the
time of the acetone extraction without danger of losing rubber.
As shown previously in Table 3, the time allowed for extraction,
so far as the benzene extract is concerned, is not a serious factor
in this connection, since under favorable conditions all the rubber
can be extracted even in so short a period as four hours, at least
in some types of plant material. It is highly important, however,
that the acetone extraction be complete.
In order to obtain information on the extent of benzene-soluble
materials in some of the plants studied, a series of samples was
extracted in the regular manner, first with acetone then with
benzene. In an identical series of samples the extraction was
reversed, i.e., first with benzene and then with acetone. The
results are assembled in Table 7.
The data in Table 7 show that a considerable proportion of nonrubber material soluble in acetone is also soluble in benzene,
except in the case of Parthenium argentatum, Solidago canadensis
van arizonica, and Jatropha sp. where nearly the whole of the
acetone-soluble fraction is also soluble in benzene. Significantly
the total amounts of extractable material as found by the two
procedures are in fairly close agreement, which fact shows that
the extraction process is one of simple solution without perceptible change in chemical composition, either during the extraction itself or during subsequent evaporation of, solvent. The most
important point which these data bring out is the fact that the
results for the rubber content of plant material are subject to
considerable error if the acetone extraction is not carried to completion, so that benzene-soluble constituents, other than rubber,
appear in the benzene extract.
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ANALYSES OF PLANTS AND PLANT CONSTITUENTS
FROM THE SOUTHWESTERN DESERT
The plants included in this study were collected by the authors
and others in various parts of Arizona and Southern California.
Due to circumstances incident to the war, this survey could not
be made as complete as was originally intended. Nor was it
possible to obtain samples of plants in their various growth stages
so as to learn something of the seasonal variations in rubber content. Some of the samples were taken from their native habitat,
and others were supplied from areas where they were growing
under irrigation conditions. The analyses were segregated on the
latter basis, and the data are presented in Tables 8 and 9.
The survey of desert plants as shown by the data in Tables 8
and 9 includes 183 individual plant samples representing 93
genera. Of these 137 were obtained from their native habitat and
46 were grown under irrigation conditions. The great majority of
the plants analyzed showed a rubber content far below what is
considered sufficient as a commercial source, and 122 of them
contained less than 1 per cent rubber. Among those which
showed more than 2 per cent rubber that were taken from their
native habitat were: Amsonia hirtella, Asclepias erosa, Asclepias
latifolia, Asclepias subulata, Funastrum cynanchoides, Garrya
wrightiiy Guardiola platyphylla, Solidago canadensis var. arizonica, and Tecoma stans var. angustatum.
The species grown under irrigation which showed percentages
above 2 per cent were: Asclepias curassavica, Asclepias erosa,
Asclepias speciosa, Cryptostegia grandiflora, Cynanchum sp.,
Parthenium argentatum, Periploca graeca, and Scorzonera tausaghyz.
Hall and Long (8) made a rather extensive study of the distribution of rubber in different parts of the plant. This was done
in a limited way in the present investigation, but for the most part
the entire plant was analyzed. In the asclepiadaceous milkweeds
no difference was found in the percentage in the tops and roots.
Cryptostegia grandiflora gave 7.19 per cent in the leaves and 1.97
per cent in the whole plant. In young plants of Parthenium
argentatum of the same age grown under irrigation but under
slightly different cultural conditions, the leaves showed 0.83 per
cent, the whole plant about 1.1 per cent, and the stems and roots
1.76 per cent. It is therefore evident, as other investigators also
have shown, that rubber is not stored uniformly in all parts of
the plant. Our results are in agreement with those of Hall and
Long (8) to the effect that in the milkweeds there is only a small
difference between the rubber content of the leaves and that of
the whole plant, indicating that the latex must be fairly uniformly
distributed. They did, however, note considerably less rubber in
the stems than in the leaves.
Incidentally, reference might be made to the presence of constituents other than rubber present in some of these plants. A
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number of them gave relatively high values for the acetone fraction which consisted chiefly of resins. Larrea divaricata gave 23.32
per cent of resins, Garrya wrightii, 26.3 per cent, Vauquelinia
californica, 22.76 per cent. Some of the plants yielded, in the
acetone fraction, an unusually high proportion of a white wax,
among them being: Prosopis juliflora var. velutina, Tamarix
aphylla, Mimosa biuncifera, Condalia lycioides var. canescens,
Datura meteloides, Brickellia californica, and Xanthium saccharatum. It was noted also that a greater number of the plants
studied were highly aromatic—for example, Tagetes lemmoni—
suggesting the desirability of making a survey for essential oils
and perfume constituents. The Manihot angustiloba root from
Bard, California, seemed of interest to study for rubber content,
due to its kinship to M. glaziovii, reported by Kearney and Peebles
(9) to produce the Ceara rubber of commerce. This root contained
only a trace of rubber (0.05 per cent) but showed 46.7 per cent of
starch. A sample of Acacia lutea gave an acetone extract which
consisted almost entirely of crystalline material (clear monoclinic and orthorhombic crystals) responding qualitatively to the
tests for alkaloids. This crystalline material was not further
identified. It is known that the Indians of the Southwest use it for
medicinal purposes.
A comparison of the percentage of rubber in various plant
genera common to Arizona is given in Table 10. It is recognized
that these ranges include all the different species analyzed and
growing under different conditions and not all even of the same
age nor sampled at the same season of the year. They refer, however, to the whole plant on the dry basis.
TABLE 10.—COMPARATIVE PERCENTAGES OF RUBBER IN VARIOUS
PLANT GENERA COMMON TO ARIZONA
(All percentages on basis of whole dry plant)
Genus

No. of
samples

Percentage of rubber
High

Low

Mean

0.19
0,17
0.39
0.11
0 44
0.17

1.05
0.68
1.65
0 24
1 44
0.84

Native
Amsonia
Apocynum
Asclepias
Euphorbia
Funastrum
Haploppapus

6
4
11
7
/*
5

2.53
1.89
2.95
0.98
3 79
1.84

Asclepias
Parthenium
Taraxacum-

8

Cultivated
5 75
9.51
1.97

0 22
2 16
1.00
3.96
0.07
1.22
*From plantings made with seed from Russia by the U.S. Field Station
Bureau of Plant Industry, U.S.D.A., at Sacaton, Arizona. Material kindly
supplied by C. J. King., Supt.
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The foregoing table gives the ranges of rubber content which
were found in six genera of plants native to Arizona and collected
from their native habitat, and three genera under cultivation. The
data give an indication of the most promising species in point of
rubber content. Sufficient samples were not available to make
any extensive study of the rubber content in the same genus of
plants growing under the two sets of conditions. In the case of
one of these, Asclepias, the high and mean values were found to be
considerably higher in the cultivated plants than in those growing under natural conditions.
COMPARISON OF RUBBER CONTENT OF VARIOUS
PLANT GENERA FROM DIFFERENT PARTS OF
THE UNITED
STATES
*
TABLE 11.—RANGE OF RUBBER CONTENT IN CERTAIN PLANT
FAMILIES IN DIFFERENT PARTS OF THE UNITED STATES
(Plants growing under natural conditions)
Plant genus
Amsonia
Asclepias

Aster
Chrysothamnus
Euphorbia

Lactuca

Parthenium
Solidago
Verbesina

Region

Reference

^'^ber

Arizona
South Carolina
Arizona
California
Colorado
Colorado
South Carolina
Arizona
South Carolina
Arizona
Colorado
Arizona
Colorado
Colorado
Kansas
South Carolina
Arizona
Colorado
Colorado
South Carolina
Arizona
South Carolina
Arizona
Colorado
South Carolina
Arizona
South Carolina

B.&B.*
(11)
B.&B.
(8)
(1)
(8)
(11)
B.&B.
(11)
B.&B.
(1)
B.&B.
(1)
(8)
(8)
(11)
B.&B.
(1)
(8)
(11)
B.&B.
(11)
B.&B.
(1)
(11)
B.&B.
(11)

0.17 to 2.41
0.26
0.39 to 5.44
0.48 to 2.5
1.6 to 3.0
0.6 to 2.4
0.34 to 2.20
1.79
1.03
0.67 to 0.69
0.5 to 4.0
0.11 to 1.18
0.2 to 2.0
0.12 to 0.75
0.21 to 0.57
0.26 to 0.70
0.19
0.4 to 2.20
0.3 to 0.86
0.2 to 0.43
0.47 to 1.88
1.05
3.9
39
O.*12 to 1.45
0.58
1.22

"•"Buehrer and Benson—this bulletin.

It was considered of interest to make a comparison of the results of this study with those of other investigators on certain
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rubber-bearing plants found rather widely distributed in different
sections of the United States. A summary of the data is given
in Table 11,
CORRELATION BETWEEN PERCENTAGE OF ACETONE
AND BENZENE EXTRACTS OF DESERT PLANTS
In the course of this study it was frequently observed that when
the percentage of acetone extract was unusually high, that of the
benzene extract was low, and vice versa. Such was the case even
when the experimental conditions of extraction were rigorously
observed. In some plant groups a straight line relationship was
observed instead of an inverse one. It seemed of interest to determine whether these groups of constituents might be related by
some simple mathematical law, and whether any correlation
whatever existed between them. The acetone fraction in most
instances consisted chiefly of resins. It does not appear to have
been definitely established whether the resins are physiologically
related to the formation of rubber in these plants. In the Hevea
latex, the resins are present to an extent of only 5 per cent as
compared with 85 per cent of rubber. The two constituents are
thus present in a ratio of 17:1. In guayule, on the other hand, the
average resin content of the whole dry plant is about 10 per cent,
whereas the rubber content is about 8 per cent, or a ratio of 0.8:1.
The close association between starch and rubber, as found by
Artschwager (2) in anatomical studies on guayule, suggests that
there might be some correlation.
In view of these considerations it was thought that a correlation between the environmental factors under which these plants
were growing might be significant, particularly if the plant
samples were segregated as to (a) native habitat and (b) cultivation under irrigation. Correlations were accordingly made
between acetone and benzene extract for 137 samples from their
native habitat, and 34 samples grown under irrigation, including
all species of all genera analyzed. The results were as follows:
Plants from native habitat: (137 samples):
Necessary for significance
Plants grown under irrigation: (34 samples):
Necessary for significance

r=+0.1427
r—+0.164

r~+0.1651
r=+0.330

From these results it is evident that no significant correlation
exists between these two quantities, regardless of the conditions
under which the plants were grown. After these calculations
had been made, it was found that Lloyd (10, p. 188) had investigated such a correlation between resin and rubber content of
guayule, pointing out that there is little support for such a
relationship and that the secretion of these two groups of constituents involves distinct physiological processes. He shows, for
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example, that resins are formed in some of the Compositae which
produce no rubber whatever. Moreover, while the distribution of
starch appears to be related to the secretion of resin, the occurrence and distribution of rubber in the tissues is entirely
independent of the distribution of starch. He also points out that
the secretion of resins in the plant is independent of the moisture
conditions under which it is growing, while the secretion of
rubber is markedly affected by moisture conditions. The results
found in the present study therefore substantiate the conclusions
of Lloyd.
SUMMARY
1. A survey has been made of the rubber-bearing plants of
the southwestern desert, both those from their native habitat and
those growing under irrigation.
2. As a basis for this study the methods of determining rubber
by analysis have been investigated critically. The most advantageous conditions for the extraction method are found to be
continuous extraction for a period of not less than thirteen hours.
3. The accuracy of the extraction with benzene is found to
be less than that with acetone, a condition arising from the fact
that rubber forms a benzogel which goes into solution rather
slowly, and diffuses slowly out of densely fibrous material, even
when ground fine.
4. Because of the formation of a benzogel, the intermittent
extraction procedure is not satisfactory with benzene, and the
results are likely to be too low, unless the extraction is continued
for thirteen to sixteen hours.
5. When the order of extraction with acetone and benzene is
reversed, a considerable portion of the acetone-soluble resins and
waxes are also found to be soluble in benzene, in amounts as
high as 10 per cent in many cases. Hence if the acetone extraction happens to be incomplete, the value for the percentage of
benzene extract will be too high, and thus will yield a misleading result for the amount of rubber present in the sample.
6. A study was made on the rubber content of plant samples
as influenced by treatments prior to extraction, such as hydrolysis
by acid, and superheated steam. It was assumed that these treatments disintegrate the starches and fiber material, thus rendering
the rubber more susceptible to extraction. It was found, however,
that these treatments did not increase the amount of rubber extracted, the quantity being in most cases either equal to or less
than the amount extracted from the original material. These
findings indicate that there is no material advantage in subjecting
the sample to such prior treatments.
7. A test was made of the bromination method for determining
the amount of true rubber substance in the benzene extracts. In
most instances a remarkably close agreement was observed
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between the amount of rubber substance so determined and the
amount of benzene extract corresponding to it. When a sample
of pure deproteinated rubber was used, the factor for calculating
rubber hydrocarbon from the tetrabromide precipitate obtained
was 0.2937 as compared with 0.2985 for the ratio of pure isoprene
to isoprene tetrabromide. The factor so determined was used in
all calculations. It is concluded that the percentage of benzene
extract is a sufficiently trustworthy indication of the amount of
true rubber substance in a sample.
8. The survey of desert plants made in this study includes
analyses of 183 individual samples, representing 93 genera. Of
these 183 samples, 137 had come from their native habitat and
46 were grown under irrigation. The great majority of the plants
showed a rubber content far below what is considered sufficient
as a commercial source. One hundred twenty-two of them contained less than 1 per cent of rubber. Among those taken from
their native habitat which contained about 2 per cent of rubber
were: Amsonia hirtella, Asclepias albicans, Asclepias erosa,
Asclepias latifolia, Asclepias subulata, Funastrum cynanchoides,
Garry a wrightii, Guardiola platyphylla, Solidago canadensis var.
arizonica, and Tecoma stans var. angustatum. The species grown
under irrigation which contained over 2 per cent were as follows:
Asclepias curassavica, Asclepias erosa, Asclepias speciosa, Cryptostegia grandiflora, Cynanchum sp., Parthenium argentatum, Periploca graeca, and Scorzonera tausaghyz.
9. A comparison as to rubber content of species of certain plant
genera found in widely separated sections of the United States
showed that the range of rubber content between high and low
values was substantially the same for plants from all regions.
This indicates that the conditions of climate and of soil under
which the plant is growing are less important factors in determining its rubber content than the specific characteristics of the
plant genus and the age or stage of development of the plant at
the time of analysis.
10. A statistical study of the data for the acetone and benzene
extracts of a variety of plants, grown in their native habitat and
under irrigation, showed that no significant correlation exists
between the amounts of these groups of constituents.
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