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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

THE DESERT MILKWEED (ASCLEPIAS
SUBULATA) AS A POSSIBLE
SOURCE OF RUBBER

By R. E. Beckerr, principal scientific ald, and R. 8. Srree, formerly assisiant
scientific aid, Division of Cotion and Other Fiber Crops and Diseases,! Bureau
af Plant I'ndusiry
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INTRODUCTION

The possibility of obtaining rubber from native North American
plants has atiracted the attention of individuals, rubber companies,
and State, Federal, and other agricultural institutions. Mauny species

{-‘3 of native plants are known to contuin rubber, though genersliy in
Q@3 such small quantities as to offer little encouragement to commereial
utilization. A few of these species have received detailed study (&, 2,
o 5 4:9,6,8,0,10,11,13,18).
Of 64 species of southwestern plants examined by Hall and Long
B (6), Asclepias subuvlata, one of the desert milkweeds, appeared the
 most promising. Further investigations of this plant were under-
taken in 1922 by the United States Department of Agriculture at
the United States Acelimalization Garden on the Yuma Reclamation
project, near Bard, Calif, Struins of this milkweed were established in
cultivation with sced collected from. wild plants growing in the vieinity.
This afforded material for cultural and other experiments and for com-
parisons with wild plants. The nature of these experiments and the
results obtained are reported in the {ollowing pages, with notes on the
description and distribution of the species,

DESCRIPTION

The plants of Asclepias subulaie Decaisne grow as perenninl herbs
with numerous rughlike stems rising from n ceantral crown near the
surface of the greund (fig. 1). The young stoms are dark greer, later

10p Feh, 9, 1834, tha Rubber Investigations projeet was transfeered to the Division of Plant Explors-

ticn and Introduction. .
11talic numbers o parentheses refer to Literatura Clied, p, 19,

108116°—35 1
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becoming woody at the base, and acquiring a grayish-white bloom at
maturity. The mature stems are from a uarter to a half inch i diam-
eter and from 2 to 5 feet in height, tapering only slightly ¥ m the
base tu the apex. Theleaves, which are shortand slender, are pioduced

[ . R

Figurg 1—.1, Groap of Ageleping euhuinie Nants as they apjtear in their natural habitat, oear Yuma,
Ariz 5 B, nnindis jduel plast srowing wild near Dard, Culir,

only on young stems and shoots and are retained for a comparatively
short period. The flowers are greenish yellow and arve arranged in
umbels at the apex of the stems. The slender tapering seed pods are
4 to 6 inches long and when ripe split along one side, allowing the seeds,
each of which bears a pappus of stiff silky hairs, to be scattered by
the wind. Floral buds, seed pods, and seeds are shown in figure 2.




THE DESERT MILKWEED

Figuae 2.—Floral buds, fowers, seed pods, nnd seeds of A vole ey gubaluty. (Natura! size.)
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A more detailed description of this plant may be found in the report
by Hail and Long (6).

DISTRIBUTION

The geographic disteibution of Asclepivy subidate extends over w
wide arew, Trom southern Novada on the north to the south end of
Baja California and Sonora, Mexico, and from southeastern Arizona
westward to the Coast Range of southern California.

Asclepias subulaia usunily 1s confined to the dry stony sbream beds,
where the water runs after the inlrequent rains, and in the depressions
on the mesas, where the water accumulates and remains for a short
period after the rains. Occasionully plants are found on the barven
hill slopes. Tn the depressions where the soil is fnirly fertile the
plants are considerably larger than those on the hill slopes. In some
loealities there may be several groups of plants scatbtered sbout the
waslies, mesas, and hill siopes, but often only a few plants are found in
isolated groups. The Jargest continuous area known to the writers
hegins about 13 miles south of San Lais, Somora, Mexico, and continues
practically to the Gulf of Calilomiz, o distance of aboutl 55 miles. The
plants in this area are found in seattered groups, which are separated
by salty futs and sandy mesas, Other large groups of plants have
been founel in the vicinity of Mesa, Superior, and Yuma, Ariz., and
Holtville, Calif.

The areas in wlueh this plant grows most abundantly are subject to
wide ranges ol climatic conditions, such as [requent high temperatures
in the summer and occasional freezing temperatures in the winter,
while rains may occur at any tune of the year and be followed by
long periods of drought.  During the past 9 years (1924-32) the tem-
perafures at the United States Acclimatization Garden ranged from
24° 0 120° I, with o mean yearly rainfall of 3.91 inches. At Yuma,
Ariz.,? during the past 54 years (1878-1931) the temperature ranged
from 22° to 120° ., and the mean yenrly ruinf{all was 347 inches.
Records at Mesa, Ariz.* for the past 33 years (1805-1930) show that
the temperatures there ranged from 15° to 119° and that the mean
yeurly rainfall was 8.G5 inches,

COLLECTION AND PREPARATION OF MATERIAL

Material Tor ruhber determinations was collected Trom plants
erowing near Dome, Mesa, Perker, Sentinel, Superior, and Yuma,
Ariz.; Bard, Caunpo, Holtville, Kane Springs, and Oasis, Calif.; and in
the Btutes ol Sonora and Baja Californin, Mexico.

In order to obinin samples for rubber detorminations, 2 avernge
stems were selected from the center of the plant and 4 stems from
different parts of the outer seetion, thus making a sample of 6 stems
and minimizing the possibility of sccuring all old or all young stems.

The samples selected for analysis were labeled, wrapped in paper,
and stored In o dry room. After sufficient drying, the stems were cut
into small sections, about one-fourth of ar: inch long, and then ground
in & hand mill until all of the matertal would pass through a 20-mesh
gisve. This ground material was thoroughly mixed, and a 4-g sample
was taken for analysis.

* Dinta Juroished by Lhe TG, 8. Weather Threat, Vurua, Ariz.
< Dete fnrnished by the 13, 3. Woeather Burean, Phoenix, Ariz.
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EXTRACTION OF RUZBER

The method used for exiracting rubber wag the same asg that em.
ployed by Hali and Long (6}, and may be described briefly as {ollows:
Fourg ogr the ground plant materin] is placed in an extraction thimble
and extracted 3 hours in the Bailey-Waller apparatus with 20 ce
of acetone. The acetone-scluble material, containing chlorophyll,
fats, and resins, is evaporated to dryness and weighed, and thesample
i then placed m a clean flask and extracted for 3 hours with 20 «c
of benzol. The benzol-soluble materinl is allowed to stand overnight
in the extraction flask, and then is decanted into a 100 ce benker to
eliminate any sediment that may have worked its way through the
siphon tube of the extraction thimble, The solventis evaporated in a
water-jacketed oven, and, nfter cooling in a desicentor, the residual
rubber is weighed and reported as o percentag= of the ourfmal gnmple,
Duplicate unalyses were made of cuch c;a'nplc ol plant material and
the resuits given are the mean ol the two determinations.

EFFECT OF STORAGE AND EXPOSURE ON RUBBER CONTENT OF
PLANT MATERIAM ‘

An experiment was begnn in 1926 to determine the length ol time
harvested plant material could he lelt in the field or be stored without
aflecting the rubber content. The stems from each ol two plants thut
were harvested in January 1926 were divided into 12 samples. Six
samples from each plant were lelt exposed to the weather, and the
other sumples were cut into short sections, merely for convenience,
and stored In paper bags in a dry and partially davkened room.
The rubber content was determined at the time of harvesting and
for the exposed and stored material at monthly intervals from March
to August 1926, At that time all of the exposed material had been
used, but samples of the remaining stored material were analyzed
ﬂtb}fanous intervals until October 1930. The results are shown in
table 1.

The mean rubber content of the exposed samples decreased {rom
2 percent in January to 0.20 percent in August, whereas that of the
stored material remained practically consLanL until April 1928, after
which it decreased gradually to 1.47 percent in October 1930. This
represents & loss of approximately one- lourth of the original rubber
content of the plant material during the 4¥ years of stor age.

TasLy L—Mean percenlage af rubber from stoved and from cxposed material of two
Asclepias subulata plonts hervested of Bord, Calif., in January 1926 and samplod
and analyzed monthly wniil Angust 1936 and b tndicaled tnteroals wntil October
1830

Hulsber cantend. of-— Runber

uile of nonlysis e 1ute of annlysis contont,
¥ Fxposed Siurad of 5‘“"9‘}
ninerial mmterinl matorin
Fereent Ptrtr:nt Porcent

Junumey 1020 o 2.0 I LI T L U
Mauareh 10268 . L Qutober 1827,
April 1028 R L 1,60 | Junuary 1998
Mlay 026 . L 1. | April 1928, .
00 || Aneagst 1928

. 306 |[ November 1925, .
August 193 __ Lo . 108 || Aprid 1y2m_
Seplember 1020, o|--- s I u2 || Seplemher Tl
Qetober 1026.. o] R L 06 || April 1060 i aiaa
March 1927 ... ... ... .- 2L || Owtober 10300 ..

SEBEUESE2E
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An experiment with stored material was begun in January 1927
and continued untit November 1932. Ten plants were harvested
January 15, 1927, and the materinl was storved in the same manner
as in the previous experiment. Samples were analyzed at 3-month
intervels during 1927, at 4-month Intervals during 1928, and at
6-month intervals during 1929, 1930, 1931, and 1032. The results
are as Tollows:

The rubber content in this cuse decreased about onc-fourth during
the first 2 years. The results show clearly that if the plant material
is left exposed to the weather its rubber content decreases within a
few months after harvesting, but if stored in a dry and portially
darkened room it retains practically all ol its rubber for'at lonst 2 years.

Dade of analysis and prreentuge of rubber content

Poreet Fereemt
January 1927 . 28 | Sepiemiber 1029
Meay 1027 .22 | June 1930
Aupust 1927 . 36
November 1927 L 1G | April 1931
April 1928, ... .. ... .06 | November 1031,
August 1928 -91 | May 1932____ ..
Noveinber 1928.__ ... ... .. 1.8 | November 1982_.
Aprid 1929 ____ . ___ ___. . 1. 82

RUBBER CONTENT OF WILD PLANTS

Analyses made on wild plants collected in Arizona, Californis,
Sonora, and Baja California showed o range in rubber content from
0.5 to 6.0 percent.  Although the plants with 3.0 to 3.5 percent
rubber formed the Jargest group, the groups with lower proportions of
rubber were much larger than groups with higher proportions, as
shown below,

Niyember of MNumber of
pinniz etz

Range in rubber perecuntage: Range in rubber pereenlage—Conn.
0.50-1.00 i3 3.5]"-4..90_-_._....u..__,__-._

1.51-2.00.__.
2.01-2.50

Meau=2.84.

The rubber content of individusal plants growing in the same
locality was found to differ considernbly (table 2). Where series of
analyses were comparable, as of plants from Bard and Ousis, Calif,,
in January 1825, and from Dome and Mesa, Ariz., in February 1925,
15 appeared that some of the groups might have a higher rubber con-
tent than others. Many other determinations of rubber content
were made on individual plants from these and olher localitios from
1924 to 1932, und with a few exceptions the majority of the analyses
fell within the ranges shown in table 2.

To obtain further inforinstion regarding the nature of these differ-
ences, two scries of samples were taken from two large plants, and
duplicate analyses were made of each sample (table 3). The rubber
content of the snmples ranged from 8.05 to 3.94 percent.  The greatest
difference between the duplicate annlyses was that between 8.35 and
3.42 percent, so that the error in sampling appears to be several times
as great as the error in analysis. As each plant usually consists of
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150 to 200 stems, each of the G-stem samnples would represent approxi-
mately only 3 or 4 percent of the plant, so that variation in such
samples would be expected, but the method of taking samples would
not explain the wide range of differences among che wild plants
shown in table 2,

Tasry 2—Rubber tn wild planis from different localitics

[ i
_ t Range in
Btote nnel Ineudily . Dnte eollectel } Plants |rubber con-
i tent
§

Arizonn: MNumber Percent
IO e e e, Folwary 1095, 10 0, 02-2, 48

e
CfApriltedrl
.| Seplermher 1021
£ . e ieve wesmeacaciacems .- | BeEplember 1025 L 24—, 50
Cpipo.. .. ..... e e e e Moy 1028 BI-2.35
3L ORI 1111 | TT1 o o L1 S . B8-3. 85

Calffornin:
.54, 40

- . g 167307
b danuacy 3. L34, 20

L. 95-3. 80
. To-4 26

lo : “fﬁ; L. 34-1. 45
.

Sonora, Mex
Bl Dovtor... ... ... ... ..., Apelnagal .. ... .. . 05-3, 85
Sun Lais e L e e Alargh 1925 ... .. ... .. + .01-5.00

D . e - e e D imiry 1626 L. § LTE= 4
i

Tasup 3.—Duplicate rubber deferminations of semples from & Asclopios subulata
plunls, and meun rubber percentage and range for cach pland

Huhher content

{ Ttani 1 Plunt 2
Samiple nutuber i . _—
. . . i
s Tuelivielaal Individunl
determi- Mean tatermi- Mesn
i nation nation

l Fercend L Prreent fereent | Pereent

3 d.64
157
379
3.05
8.73
3.38
4.70
3. B4

A.da

A0

I~
R e g e g -y

B3 EY LIS BEPI LI 10 1A 02 20 00 2
\ :

3. 868

BI R LT ESLEGI LA DS DODS LI ST LGS B
A sn =
A E— s

. - f
RLOAR. oooooae e e oo 0.0 0,067 o] 3504 0,003

Ranpe. o0 ... L. - 3453 3. 05-3. 84

! Standard error,

PROPAGATION AND CULTURAL METHODS

Numerous unsuceessful attempts ware made to propagate the plants
vegetatively by cuftings and root-crown divisions and by budding.
However, no difficulty was encountered in germinating the seed or in
transplanting seedlings, and several large plants were successfully
transplanted. All of the experimental plantings were made from
selected seed.
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The wild plants were marked when sampled and later seed from
high rubber-yielding individual plants were collected separately and
planted as selections. Also genernl plantings were made of seeds
from groups of plants all of which had a high percentage of rubber.

The indrvidual selections were started in small tar-paper pots and
trensplanted to the field when 6 to 8 inches tall. The general plant-
ings were made with a small hand planter, at the rate of about 2
pounds of seed to the acre, in rows spaced 3 fect apart in preirrigated
seed beds. When the secdlings reached a height of approximately
6 inches they were thinned to a distance of about 3 feet in the rows.
Other spacings are being tried in order to determine the optimum
condition of growth.

The seed beds were irrigated as soon us necessary after planting,
and during the first 2 years the plantings were cultivated and irei-
gated in the spring and again in ‘the summer. After that #ime the
plants usually were large enough to overlap in the rows and further
cultivation was not feasible or neuessary, but irrigation was applied
ns needed.

Under favorable conditions the seed germinated within 7 or 8
days and the seedlings made rapid growth, developing from a single
stem to & many-stalked plant during the first year. Scedlings when
1 month old avernged 24 inches in lieight and had 5 pairs of true
leaves. Yenr-old ]ﬁ:mts under field conditions averaged 33.9 inches
in height and 5 incles in circumforence at the buse and had 65 stems ;
2-year-old plants averaged 39.7 inches in height and 10.7 inches in
circumference at the base and had 121 stems; 3-year-old plants
averaged 46.2 inchos in height and 11.8 inches in circumference at
the base and had 149 stoms.

Flowers and pods are developed during the first year, and there-
after, especially with plants irrigated in the spring, there are two
definite flowering periods, the first during May and June and the
second in September. Most of the peds from the first flowering
period are mature when the second period starts, During the
second period only a few flowers are produced and the pods seldom
reach maturity on account of cold wenther.

RUBBER CONTENT IN RELATION TO GROWTH, FRUITING, AND
DORMANCY

Plants of Asclepias subulate under noermal conditions produce vege-
tative growth and fruit during the spring and summer and are dormant
during the fall and winter. Data collected from o few individual
plants indicated that there was a tendency for the percentage of
rubber to fluctuate with such changes in the plant activity, and several
experiments were conducted from 1924 {o 1932, to provide infoe-
mation on this point,

In one of these experiments 15 planis growing on the station were
sampled and analyzed every 8 months from Januacy 1927 to October
1930. At the time of the first analysis the planis were about 2%
years old, having been planted July 7, 1924, and the spacing was
approximately 3 by 3 fect. The plat was irrigated and eultivated
at about 4-month intervals during the first 2 yoears, and once each
spring thereafter. The results of these analyses are given in table 4.
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TaBLE 4.—/Individual percenlages and range of rubber of 15 Asclepias subulata plants sampled and analyzed at 3-month intervals from
January 1927 to October 1930

Percentage of rubber
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It will be noted that the percentage of rubber in each plant
fluctuated widely during the 4 years and also that the periods of
plant activity were not the same for all plants. With such variation
In the time of plant activity, differences in the rubber content are
not equally significant at each date of analysis. However, when the
rubber content of the individual plants during the periods of plant
actlvity is eompared with enalyses representing dormant periods, dif-
ferences in fevor of the dormant periods are shown by all the pfants
(table 5).  Also,it will besecn that the minimum rubber content of each
plant was recorded during a period of plant activity and that the max-
imum was recorded during o dormant period. The fact that sll 15
plants had » higher rubber content during the dormant period definitely
indicates that the rubber content is affected by the physical condition
of the plant,

TaABLE B.-—Mean rubber perceniage of samples of 15 Asclepias subulata plunis
during periods of plant activity und dormancy from Januar iy 1927 Lo October 1830

1
Mean rubber per- | Beun | Mean rubber per- | Menn
cimlmg? durlng pe- | differ- |, ciendtﬂ!;? durlng pre- | gifTer-
roels of— ones in riods cf— coge In

Planl no. rubber Plaot no. rubber
pereont- i ! .
Autivity { Dormaney HED . f Activity | Dormuncy age

0.77 |
LAl
T4

PIEE KRN0 1 1

URsREgsE
3 | I laRA RS
SEEB29S

®

The, responsiveness of Asclepias subulata plants to faverable
climatic conditions was clearly shown during the winter of 1929-30.
During August and September of 1929 the rainfall amounted to 3.38
inehes, which was three times the normnl rainfall for these months.
This additional moisture and the mild winter that followed brought
about an active vegetative condition of the plants, and new growth
was produced by 3 plants in October 1929 and by 12 plants in January
1930. This period of plant activity was, no doubt, responsible for
the comparatively low percentege of rubber recorded during these
months, .

Another series of comparisons for learning eflects of plant activity
on the rubber content was conducted with five wild plants in the
vicinity of Mesa, Ariz. This was made possible through the cooper-
ation of Tvens Blewett, of Mesa, and of Harvey M, Hall and Frances
Long, of the Carnegie Institution. The plants selected were sampled
by Mr. Blowett about the first of each month, from February to
August 1927 and again in December 1927,  The suinples were divided
into two sections, representing, respectively, the apical and the basal
portions of the stems. Dr. Long made the rubber determinations
for Fobruary and March, hut was unable to continue, and thereafter
the analyses were mado at Bard. The range and mean percentage of
rubber for the apical and basal portions of the five plants analyzed
-each month is given in table 6,
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Tapre 6.—Range and_mean percentage of rubber, during periods of plant activity
and dormancy from February lo December 1927, for the apical and busal poriions
of & wild Asclepias subulate planis growing near Mesa, Ariz.

Parcontago of rubber for—

Month Condiilon of plonts Aplee! partion asa! portion

Runge Monn Hange : Nioan

February.
March...

R o

RERRERS

-

While no definite records were meade regarding the condition of the
plants when sampled, the stems received from Mr. Blewett indicated
that they follewed the usual growth eycle. The stems collected in
May and June bore a few flowers and pods, and the July samples
had a few mature pods on the stems, indicating that the plants werce
glct;iTwIa during the spring and were practically dormant when sampled
in July,

The plants had a higher percentage of rubber during the dormant
period than during the sctive period, and this difference appeared in
both apical and basal samples.  In the case of the apical portion, the
mean rubber content for May, June, and July was 2.22 percent, and for
February, March, August, and December the mean percentage of
rubber was 3.31, a difference of 1,09 percent in favor of the dormant
period. During the active period the basal portion had a mean per-
centage of 0.96 as contrasted with 1.75 percent for the dormant
period, a diflerence of 0.79 pereent in favor of the dormant period.

The consistently higlier percentage of rubber in the apica! portion
of the stems is due to the fnct that this portion of the plant has less
woody fiber, which contains very little rubber, while a much greater
percentege of rubber is found in the bark. Samples analyzed In 1929
showed that the bark represented 52.8 percent of the dry woight of the
apical portion of the stems and 37.4 percent of the basal portion. For
the entire sample the rubber content of the bark was 5.99 percent and
that of the woody center was 0,10 percent.

The results of plant activity on the rubber content of the plants in
this experiment are similar to those recorded in the previous experi-
ment, although the plants wore grown under different elimatic and
environmental conditions, Othec data, collected from hoth wild and
cultivated plents, showed the same tendency.

DATA ON SUCCESSIVE CROPS

The ability of Asclepias subulata plants to produce new stoms from
the root crown aflter tho tops have been cut or destroyed suggoests
the possibility of obtaining successive crops from the same root
stocks. The intervals between cuttings would depend on the amount
of new growth and the time required for such growth to develop a
sufficient amount of rubber. To obtain some information of this
nature, several experiments were undertaken, and while the results
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are not conclusive, soma information was obtained on the rate of
growth and production of new stems and on the rate of inerease in the
rubber content of such growth,

Under cultivation on the Bard station, dsclepius subulata plants
reach their full size in 3 years and attain thelr maximum rubber
content In about 4 years. The rubber content showed a constant
increase during the first 4 years, after which it appeared to fluctuate
within & nerrow margin. The low rubber content of the 3-yeac-old
plants probably was due to the production of new growth when the
majority of these plants ware samfpled. The frequency distribution
and menn percentage of rubber of plants from 1 to 7 vears old are
recorded in table 7.

TanLe 7—Frequency distribuiion and mean percentuge of rubber of cultivated
Asclepias subulata planis, I to 7 years old

Number of plants showiog Indioated percenlops of rithher Meun

Mo
noreents
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In 1926 and 1927 a number of 2-, 3-, and 4-year-old plants and a
few wild plants were harvested during the spring, summer, fall, and
winter, and data were recorded on the rate of growth and tho increase
in rubber content of the new growth, Tho experiment begun in 1926
consisted of 12 plants planted in July 1924 and referred to as 2-year-
old plants, and 12 plants planted in April 1923 and referred to as
3-yenr-old plants, Three plants {rom each planting were cut off
within a few inckes of the ground during January, April, July, and
October (fig, 3).

The subsequent growth of the plants that were Liarvested in October
was killed by colc% wenther in December. The height, number of
stems, rubber content, and data for the subsequent growth of the
other plants when 1 and 2 years old are shown in table 8.

TapLe 8,.—~Mean height, nimber of stems, end rubber percentuge of plants of
Asclopias subnleln 2 and 3 years old when harvested, and of the new growth 1 and
2 years lafer

z.yenr-old plants ! J-yenr-nld plents
Adonth nnd venr inrvested and age of

slomsa . Rubber b . | Ttubber
Height | Stems content Heipht | Stemy comtent

fiehes | Number | Hercenf | fiches | Nuwmber | Percent
Jnnunry 1826 (2 yenrs) 35.0 i} 2,08 .8 288
Innuary 1827 (now growtiont nga of 1 year). 0.7 X 502
JInnuary 1028 (new growthal ngaof 2 years).. 1U8.1 ) 43 £30
Aril 1026 (2 yoars) 43.8 . 3 162
April g2 }new growth ot nge nflyeurg-_._ 41.0 ! . ) 252
April 1928 (new prowib st nge of 2years) ... 1.8 . \ . 250
July 1828 (2 years) 10.¢ L o4 252
Iuly 1027 {new growih nt agoof § year) ... 17.5 ; . . 2N
July 1928 (new growth at age of 2 yenrs) ... 2.5 E . . o

Rttt d bt
SERIRIEES

§ Tipa of 54 . killed by frost.
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FIGURE 3.—, 3-year-old Asclepias subulate plant; B, root crown with stems cut off; C, new growth 1month after being cuf back.
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Ratooning resulted, in the case of plants harvested in January
and April, in & marked increase in the number of stems, which in &
yeer's time were as tall as the original plants (fg. 4). Although
the 3-year-old plants had many more stems, the increase due to
ratooning is in nearly thn same ratio as for the 2-year-old plants.
No incresse in size or number of stems was recorded during the second
year. The rubber content of plants harvested in January was higher
2 years after ratooning, While the rubber content of the April-
harvested plants increased steadily, it did not attain the percentage
of the original stems,

The plants that were harvested in July did not grow as rapidly
as those harvestod in January and April. Two years after harvesting

¢ —— SN e e e e -.---—-“],
. e . . \ -

. i L . . . t

h v r ' ' . i

Fioure 4.—Now growth of Asclepies subtiafe plant (4} 6 and (B) 12 months alter plant {fgure 3, 4)
wag cut buck.

the new stems were about one-half the height of the original plants,
and the number of stems was only slightly increased, but the rubber
content increased at about the same rotio as in the other dates of
harvesting.

An experiment was begun in January 1927 with sixty 4-year-old
station plants and 20 wild plants from the Yuma mesa. These plants
were divided into four groups, each group consisting of 15 station
plants and 5 wild plants, harvested during January, April, July, and
October. Tor 4 consecutive years the mean height, number of stems,
and percentage of rubber were determined for each group of plants
when harvested and for the new growth, These data are given in
table 9,

+




THE DESERT MILKWEED

TanLe Q—NMean height, number of slems, and rubber conlent of 15 cullivated planis
of Avclepius subnlgle, harvested when 4 years old, and of & wild plants from the
Yuma mesa, harvcsied on the seme dales, and of samples of the new growth collected
vach year

! Slation plants i Wlid plunis

Monthund vear harvested wnd age ol slams _— Ruhb
uhber o ukber
content eight Stems content

_| HHeight Stens

tnches | Number | FPercend | o inches | Number | Percend
I 134 A6, 131 .

218

Jannary 1927 {4 yvorrs}
January 1923 (new growlh at ngeof 1 vear).
January 102} E:u-.w growthalngeol 2 yeurs).
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Janunry 1530 (new growthatageof 3 venrs) .
January 1931 (new growth et ageol 4 years).
Aprll 1027 {4 yenrs)

April 1028 (now growth nb age of 1 vear), ..
Apri] 1920 (new prowth ot ngoe of 2 voars).
ADril 100 {new growlh at ago of 3 vears) .
April 1931 {new growlh at opo of 4 yeurs) ..
July 1627 r venrs)
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July 1028 fnow prowlh ok ope of 1 year)....
July 100 fnew growth nbugos of 2 yenrs)_ ..
July 1930 (new prowth al nge of 4 yum-s;..,
Jnly 1031 {now growil nt ees of 4 3
Oetaber 1027 {4 veurs)

October 1928 (new growth ntapoaf | yeor).
Qelober 1024 (new growth abnge of 2 venrs).
October 130 Enuw frawLls b g ol d vears).
Oelober 1511 {new growth ntage ol 4 years).
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1 Planls loweringaned prodneing pods.

These plants, with the exception of the October harvest, also
showed an average inerease in the number of stems, due to ratooning,
although the rete of growth was somewhat slower than that of the
plants ratooned in 1426, The new growth for each peried of harvest-
ing had practically reached its maximum size and number of stems at
the end of the thivd year, and in most eases the plants were larger than
wlhen harvested. Qctober is appsrently too late in the season to
bharvest. In 1926 all October-harvested plants died, and in the 1927
experiment the ratooning process reduced the number of stems for a
3-year period.  The rubber content in the new growth fluctuated con-
siderably during the 4 years, due no doubt to the error of sampling
and to the climatic conditions encountered during the different yeurs,

The results of thesc two experiments indicate that the cultivated
plants reach their maximum size and rubber content about 3 or 4
yeirs after planting and that the new growth produced by wild and
cultivated pfﬂnts after ratooning reaches its maximum size and rubber
content in about the same period. Therefore, the muximum yield of
rubber could be expected from plants about 3 years old and harvested
during a dormant period, with successive crops at approximately
3-year intervals.

EFFECT OF SPACING ON PLANT DEVELOPMENT AND RUBBER
CONTENT

Plant measurements and rubber determinuations were made for
several dilferent spacings between plants in the rows as well as for a
small broadeast area. The small broadeast planting was made in
April 1923, and 70 plants were harvested and weighed in January
1926 from an area of 143 square feet. The mean dry weight per
plant was 0.72 pound and the mean rubber content 1.99 percent. At
this rate, an acre yield of 18,327 pounds of dry plant material, or
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465 pounds of rubber, might be caleulated. Though COmpAarisons
with yields of plants in wider spacings were not made at this time, the
results obtained from this small area would afford a slight indieation
of yields of rubber that might be obfained on a seale of commercial
production.

A bulk planting in April 1927 consisted of 10 rows 3} feet apart and
165 feet long. The seed was planted at the rate of 2 pounds to the acre
in beds previously irrigated and harrowed, and & good stand was ob-
tained. Five of the rows were thinmed to 1 plant every 2 feet and the
other 5 left unthinned. A section of the unthinned and 2-foot spaced
plants, approximately 1 year after planting, is shown in figure 5.

In May 1928, when the plants were about 1 yenr oid, o scction
12 feet long was harvested across the 10 rows, and the height, number
of stems, dry weight, and rubber conferd of the planis recorded. The
individual 2-foot spaeed plants were larger in all respects and had a
slightly higher rubber content than the unthinned plants, but the
total yield of dry plant material from the harvested area of unthinned
plants was more than twice ns great as that from the 2-foot spacing,
and the yield of rubber was 1.82 times as great. These data indicated
an acre rubber yield of 70.63 pounds for the unthinned rows and
37.75 pounds for the plants spaced 2 feet apart in the rows.

On April 3, 1928, another planting was made with rows spaced 1,
2, 3, and 4 fect apart. A good stand was obtained and on June 25
the plot was divided into two sections; the plants in one section were
thinned to 1 plant every 3 fect in the rows, with the exception of the
1-foot rows, which were left unthinned in both sections,

A 20-foot section was harvested across the rows of both sections in
November 1929, and the mean size and rubber content of the plants
was determined for each row spacing of the unthinned and thinned
sections. The individual planis of the thinned rows of all of the row
spacings were larger in all respects than those of the unthinned rows.
However, the larger number of plants in unthinned rows more than
balanced this incrense in plant size, as the unthinned rows produced
more plant material in each comparison with the (hinned rows
{table 10).

Tanre 10.—Percentage of rubber in dry plant waierial, and the computed acre
wields of dry plant material and rubber for plants and rows of different spacing
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The results of these experiments indicale thas although the indi-
vidual plants are reduced in size and weight, larger vields of rubber
could be expected from closely spaced pTants und thnt the cost of
cultivation would be reduced, as very few weeds grow in the closely
spaced rows,
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Ficune 5,—1, Scctlon of anthinned rows of Aac!q'w:s mbn{::m Hants; B, seclion of rows with plants spaced
2 feet npnr
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BREEDING WORK

The pollination of Asclepias subulata is rather complex, and for
that reason the breeding and maintaining of desirable strains is very
difficult. It is reported that the flowers of Asclepias ave infertile
not only to their own pollen but also to that derved from plants
raised vegetatively from the same stock (7). Several unsuceessful
attempts were made to secure sclf-pollinated seed from high rubber-
yielding plants and to propagate such plants by cuttings, by divi-
sions of the root crown, and by budding.

The flowers of this species are especially adapted to cross-pollina-
tion by insects, as the poilen is found on specinl organs, the pollinia,
five in ench flower, which are locnted in stigmatic chambers that alter-
nate with fleshy petaloid appendages. Ench of these chambers has
& narrow slit into which the claw of a visiting insect may slip. so
that pollinia are lifted cut on the ¢laws of the nsects and enrried to
the stigmatic chambers of other flowers, thus effecting pollinuéion.

Severnl hybrid pods were obtained by hand- and insect-controlled
pollination. These operations, however, are very uncertain and fedi-
ous, and the viahility of the sced was very low.  Only a fow seedlings
were obtained and these, unfortunately, did not survive when trans-
planted to the ficld.

In cross-pollinating by hand, a long slender needia with n smsll
hook on the point was used. The needle was slipped inle the siit,
us in the case of the insect daw, and gently drawn upward, pulling
the hook and pollinium out, and a foreign pollinium was introduced.
The controlled crosses by insecls were oblained by placing 2 16-mesh

screen cage over two plunts of different strains,  When these plants
began to flower, several large wasps, Pepsis formosa (Say), commonly
called tarantula hawl, which apparently do most of the pollinating
of the native milkweeds, were placed in the cage.  Theso wasps were
carelully exnmined te make sure that no pollinin were attached to
theiv claws when introduced.

INSECT PESTS

Aseleptas subudata appears to be comparatively free lrom insect
pests.  Only three have been observed o injure the wild or cultivated
panis. _

A species of aphid Cphis neril Fonseolombe or (1 lutescens
Mmmi&} has heen Tound to enuse considerable damage to the fonder
seedlings und young growth, in sonie instances killing the seediings.
These insects ususlly appear in the spring and remnin undil sdddsum-
mer, und are ns abundant on the wild plants as on the eultivated.
They can he satislactorily controlled with 40 percent nicoting
sulphate spray.

A sucking insect, the hemipteron Gneopelius fasciatus {Dall.), loeds
on the pods in the fall. Theso insects, which collect in colonies on
the pods, cause considerable damage to the seeds. In order to
rscertain the amount of the damage, a number of small pods that
had not been attacked were covered by glazed bags, and another
series of pods, an which the insects were fecding, weve tagged. As
the pods matured they were collected and s germination test made.
The percentage of viable seeds from the protected pods was 82.6,
while only 6 percent of the unprotected seeds germinnted. However,
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as fhese insects appear in the Iate summer, after the majority of the
pods have matured, the damage is not considered of great importance.

The larva of the monarch or millkweed butterfly, Danaus menippe
(Hbn.), causes some damage {o the small plants for a brief period
during the summer months. These Insects are not very abundang
and can be controlled by dusting the plants with lead srsenate,

SUMMARY

The investigations conducted at the United States Acclimatization
Garden near Bard, Calif,, with sclepias subulata (one of the desert
milkweeds) show that harvested plant material when stored for s
period of 2 years showed no appreciable loss in the rubber content,
but plant material when lelt exposed to the weather after being har-
vested lost practienlly all of its rubber within 90 days.

In Arizonia and Californin and in Sonora and Baja California,
Mexico, the rubber pereentage of the wild plants examined ranged
frem 0.5 to 6.0 percent, with a menn of 2.86 percent.  Seeds selected
from high-yielding wild plants and grown under cultivation at Bard
had & maximun rubber content ol 5 percent in 3-yvear and 4-year
plants, the age at which the plants reached their maximum size,

The results of the experiments lierein reported indicate that the
rubber centent of the wild and cultivated plants is highest during
the dormant period, which usually oceurs in the fall and winter.

Plants harvested in January and April ratooned rapidiy and pro-
duced a greater number of stems, while those harvested in July
ratooned slowly. Plants harvested in October died or recovered
very slowly. New growth and rubber produced by plants 24 to 3
years after ratooning often excecded that of the original plants,

Closely spaced plants produced larger vields of rubber than did
wide-spaced plants. Unthinned 2-year-old plants in rows 1 foot
apart produced rubber at the rate of 212 pounds to the acre, &8s com-
pared with & rate of 71 pounds to the acre for plants spaced 3 feet
apart in rows 4 feet apart,

The development of high-yielding strains through selection is likely
to prove difficult, as the flowers are self-sterile, avtificial pollination
is & vory slow and tedious process, and vegetative propagation by
buds, cuttings, or divisions of the root ¢rown has not proved feasible.

Only three species o insects have been observed to injure the plants
and pods, The damage caused by these pests is comparutively slight
and controf methods have been Taiely successful.
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