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Technical Bulletin No. 471 ~ May 1935 

UNITED STATES DEPARTrvIEl':T OF AGRICCLTURE 

1~====================\\=~=\S=f=II=N=G=T=O=N=,=D=.C=.==================== 

THE DESERT MILKWEED (ASCLEPIAS 

SUBULATA) AS A POSSIBLE 


SOURCE OF RUBBER 

By R. E. BECKET'l', lJ1incilJal scientific aiel, und R. S. STITT, formerly assistant 

scientific aiel, Division of Cotlon and Other Filier Crops and Diseases,! Bureau 
of Plant Industry 
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INTRODUCTION 

The possibility of obtaining rubber from native North American 
plants has attracted the a.ttcntion of individua.ls, rubber companies, 

U') and State, Federal,. and other agricultural institutions. :Many species 
~ of native plants are kno\vn to contain rubber, though generally III 
0') such small quantitIes as to offer little encouragement to commercial 
"';' utilization. A few of these spe,cies have received detailed study (1, 2, 
00 3,4,5,6,8,9,10,11,12,13).-

Of 64 species of southwestern phlnts examined by Hull and Long
t; (6), AsclcZJ1'as subulata, one of the desert milkweeds, appeared the 
<:) most promising. Fm-ther investigations of this plaut were under

taken in 1922 by the United States Department of Agriculture at 
the United States Acclimatization Om'den on the Yuma Reclamation 
project, ncar Barel, Calif. Strains of this milkweed were esb1blished in 
cultivation \vith seed collected from \vild pln.nts growing in the vicinity. 
This afforded material for cultm-tll and other experiments and for conl
parisons with wild plants. The nn.tm-e of these experIments and the 
results obtained are reported in the following pages, with notes on the 
description and distribution of the species. 

DESCRIPTION 

The plants of .Asclepias subuZata Decaisne grow as perenninl herbs 
with numerous rushlike stems rising from [1 cent.ral cro\vn near the 
surface of the ground (fig. 1). The young stems !LI'e dark greer, later 

IOn Feb. 9, 1934, the Rnbber Investigations project was trnnsCerred to tho Division oC Plant Explora·
tlon and Introduction. 

J Itulic numbers in parentheses reCer to Literature Cited, p. 19. 
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becoming woody at the base, and acquiring a grayish-white bloom at 
maturity. The mature stems areirom atluarter to a half inch in (liam
eter and from 2 to 5 feet in height, tapering only slightly f' m the 
base to the apex. The leaves, which are short and slender, arc piuduced 

FIGURE 1.-_1, Group of Asclcpias tUliU{II/C plants ns they appear in their Ilflturnl hahitnt, ncar Yumn, 
Arit ; fl, nn incli\ Idunl plnDt growing wild near Dnrcl, Calif. ' 

only on young stems and shoots and are retained for a comparatively 
short period. The flowers are greenish yellow and a.re 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, allO\ving the seeds, 
each of which bears a pappus of stiff silky hairs, to be scattered by 
th~ wind. Floral buds, seed pods, and seeds are shown in figure 2 . .' 



3 THE DESERT MILKWEED 

L .. 
FIGt'RE 2.-Flornl buds, tlowe.rs, sced pods, and se~ds of AscleJlias 8ubulrtil1. (Naturnl sizc.) 

http:tlowe.rs
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A more detailed description of this plant may be found in the report 
by Hall and Long (6). 

DISTRIBUTION 

'l'he geographie diRtribu(,ion of A8clelJ'ia:s 811b'lll(/.t(L extends (wer n 
wido nren" from southem NevndlL on the north to the south end of 
Bajn. Oalifor'nia and Sonorn., :Me::-.:ico, and from southeastern Arizonn. 
westward to the Ooast Runge or southern Oalifomin.. 

Asclepias s'I1,b'ulata usually is conHned to the dry stony stremn beds, 
where the \ntLer runs ufter the infrequent mins, and in the depressions 
on the mesas, where tho WItter acclIlllulntes nnd remains for n. short 
period nJter the mins. OccasIOnally plants are found on the barren 
hill slopes. In tho depressIOns whoro tho soil is fairly fertile the 
plants ure conSIderably lurger than those on the 11ill slopes. In some 
localities t11ere 111ny be several groups of pin,nts scatterod nbout the 
wnshes, mesas, and hill slopes, bll t oftt'n only n, few plnnts are found in 
isolu.ted groups. The lnrgest cont.illllOus al'on known to the writers 
begins about 13 miles south of Snn Luis, Sonora, :Mexico, and continues 
practically to the Gulf of Cn.lif01'l1in" n, distnnco of about 55 miles. The 
plants in tllis aren, nre found in scnttt'l'ed groups, which a1'0 separnted 
by salty flats and snncly mesnS. Othor large groups of plants hu,ve 
been found in the VIcinity of :Mei:lu" Superior, and Yuma, Ariz., and 
Holtville, Cnlif. 

The areas in wllleh this pltlllt grows most abundantly are subject to 
wide l'nnges of climatlC conditions, such ns frequent high temperatures 
in the summer and occnsionni j'l'eezing temperatures in the winter, 
whllo mins may oeem' nt any tune of the year and be followod by 
long periods of dl'ou~ht. During tho. pns~ 9 ~Ten,rs (1924-32) tho tem
pern.t.ures at the United Stn,ks AcclimatizatIOn Garden l"fmged from 
24° to 120° F., \\ith n. nH'an yearly rainfall of 3.01 inches. At Yuma, 
Ariz.,a dUl'ing the past 54 yen:rs (1878-1931) the temperature ranged 
from 22° to 120° F., and the menn yt'ltrly l'llinfull was 3.47 inches. 
Records at 1-.1esa, Ariz./ for tho past 33 years (1S98-19aO) show that 
the temperatures there ranged from] 5° to HOo and that tho mean 
yearly rainfall was 8.G5 inches. 

COI.LECTION AND PREPARATION OF MATERIAl.. 

~Jatodnl :for rubher determinations WIlS colleded from p1:t.nts 
growing ncar D()lIH', l\'[('sa, PUl"ker, Sentinel, Superior, and. YumH" 
Ariz.; Bard, Campo, Holtvillo, Kn 110 Springs, u,nd Oasis, Calif. j und in 
tho StH tos of SOHOI'l1, nnd Baja C'alil'omia, M oxico, 

In order to obtnin samples :for ]'ubher deterJl1inntiol1s, 2 iworllge 
stl'.J1lS were selodexl. hom tho c.enter of the plnnt nnd 4 stems I!"Om 
different pn,rts of the outer s('ction, thus making a smnple of 6 stems 
and milliinizing the possibility or securing 11.11 old or all young stems, 

'fho samples selected for analysis were labeled, wmpped in paper, 
and stored in n. dry room. After sufficient drying, the stems were cut 
into small sections, ahout one-Iourth of an inch long, and then ground 
in a hand mill un til all of the material would pass through a 20-mesh 
sleve. This ground material wa.s thoroughly mixed, and a 4-g sample 
was taken for analysis. 

3 Dnta furnished by tho U. S. Weuther RurO!lu, '·umn, Ariz, 
<Dntn furnished by tho U, S. Weather Ruroltl, Phoenix, Ariz, 
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THE bESERT MII,KWEED 

EXTRACTION OF RUBBER 

The method used for extracting rubber was the same as that em
ployed by Hall and Long (6), and may be described briefly as follows: 
Four g of the ground plant materiul is pIt-iCed in an extraction thimble 
and extracted 3 hours in the Bailey-VValker apparatus with 20 cc 
of acetone. The acetone-soluble material, containing chlorophyll, 
fats, and resins, is evupomted to dryness and weighed, and thesumple 
is then pIt-iCed in a cleun flask and extracted for 3 hours with 20 f}C 

of benzol. The benzol-soluble material is ullowed to stand overnight 
in the extraction 1loo8k, and then is decunted into a 100 cc beuker to 
eliminute any sediment that mu,y have worked its wuy through the 
siphon tube of the extmetion thimble. The solvent is evaporated in a 
water-jacketed oven, and, aftet· cooling in u desiccn,tol', the residual 
rubber is weighed und l'epol'l;od as a percentag9 of the ol'igina.l snmple. 
Duplicate unu.lyses were mnde of each sample of plant J11n,tel'ial and 
the results given are the menn of the two determinl1tions. 

EFFECT OF STORAGE AND EXPOSURE ON RUBBER CONTENT OF 
PLANT MATERIAl, 

An experiment wns begun in 1926 to determine the length of time 
hurvested plant material could be left in the field or be stored without 
afl'ecting the rubber content. The stems from each of two plnnts that 
were harvested in Jnnnury 1926 were divided into 12 sumples. Six 
sumples from each plant were left exposed to the weather, and the 
other sumples were cut into short sections, merely for convenience, 
und stored in paper bags in a dry nnd pnrtially darkened room. 
rhe rubber content wus determined at the tim.e of harvesting and 
for the exposed and stored materinl at monthly intervals from March 
to August 1926. At that time all oj' the exposed material had been 
used, but sn,mples of the remaining stored materin.l were analyzed 
ut vurious interva.ls until October 1980. The results ure shown in 
tuble 1. 

The meun rubber content of the exposed sumples decreased from 
2 percent in January to 0.20 percent in August, whereas thut of the 
stored materiul remained pructicully constant until April 1928, after 
which it decreused gruduully to 1.47 percent in October 1930. 'rhis 
represents a loss of approximutely one-fourth of the original rubber 
content of the plant material during the 4}f years of storage. 

TABLE I.-Alean lJCrccntage 0/ rubber /rom stored anel from cXl)Oseel 'lnalerial 0/ two 
Asclepia.~ snbulata plrwls harllestctl at Barel, CaUf., in .Jan1tary 1.926 and sa'tnlJleri 
anel analyzed monthly until A /lg/lst 1926 and aI1:'lHricaled 'intervals 1/,ntil October 
1980 

HulJber "onten!. of- Rubbor 
))1110 of analysis 

Exposed 
mnterinl 

Stqrcd 
mnterinl 

Date of IInnlysis content 
of stored 
mllterial 

Per('c7It 

~~~~~~~;I:J,~~.-_~::::::::::.. T: ~ 
April 1026. ___ •• _.• _,._ __ .:101 
May 1020.____ •________ ._ _ .30 
June 1026•• ___ •____ • ___ .___ .29 
July 1020.__ ._........ __ .__ .201 
August lU~(L ............ ___ .20 
Septum ber 1926............... __ ••• ___ .. 
Octobor 1926.... ___ .... __......_...... . 

Percent 
2.00 
1.9S 
1.9U 
1.0:1 
2.00 
2.0[j 
l.llS 
1.02 
2.05 

Percent 
1.88 
1.9J 
1. 84 
2.01 
1.82 
1. 72 
1. 49 
1. 50 
1.53 

March 1927......... _ .. _ 2.11 1.4; 

http:interva.ls
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An e~..pel'iment with stored material was begun in Januul'Y 1927 
and continued until November 1932. Ten plants were hai'Yested 
JUl1uary 15, 1927, und the nmterinl was stored in the same ]Hauner 
as in the previous experiment. Samples were unulyzed at 3-month 
intervals during 1927, ut 4-month intCl'\Tuls during 1928, and ut 
6-month intervals during 1929, 1930, 1931, and 1932. The results 
are as follows: 

The rubber content in this cuse decreused about one-fourth duri.ng 
the first 2 yen,rs. The results show clearly tha,t if the plant material 
is left exposed to the wenther its rubber eontent decreases within a 
few months after hn,rvesting, but if stored. in a dry und pfu·tiully 
darkened room it rctu.ins pmcticuUy n.ll of its I'U bbet· for at lcust 2 yeurs. 

Dule Qf analysis (Jilt! percentage of ru/J/Jer content 

Pacent Perrent 
January 1927_______________ _ 2.29 Scptember 1929_____________ _ 1.84May 10 27 __________________ _ JUIIC 1930. _________________ _2.22 1.78August 1927________________ _ October 1930 ________________ _2.56 1. 77
Novcmber 192'- _____________ _ April 1931. _________________ _2. 16 1. 90Ap'ril1928 ________________ - N ovcm bel' ] 93 L ___________ ..2. 06 1. 48
August 1928 _____________ • I..,Iay]932 _____ . ______ . ___ • __1. OJ 1. 4,1
November 1928. ____ . ___ • __ _ November 1932 ______________ _I. 80 1. 42April 1929_______________ ._ 1. 82 

RUBBER CONTENT OF WILD PLANTS 

Analyses mn.de on wild plnnts collected in Arizolla, California, 
Sonorll, n,nd En j IL Culi fOl'1lilt Shl)\\'ed tL runge in 1'1I bb<:'[' ('oute11 t 1'1'0111 

0.5 to 6.0 pel:cent. Although the plnnts with 3.0 to 3.5 PCl'c<:'l1t 
Tubber formed the largest group, t.hr gl'oupS with 10wel' ]Jl'OPOl'tiolls of 
rubber were much largr1' thltn gl'OUpS withhight'r proportions, as 
shown below. 

Nll1/1bcr of NUlIIber of 
plrl7lt,' plrmt., 

Range ill rubber perccntage: Range in rubber percentage-Con.
0.50-1.00 __________ . ______ 13 3.51-4.00 __ • ___ . __________ 44 
1.01-1.50 _________ . ______ 15 4.01··4.50 __________________ 25 
1.51-2.00.___ _ ____ .. 4L 4.51-5.00. __________ ._____ 3 
2.01-~2.50 ___ .. ... __ .__ ... __ ._ .. 73 5.01-5.50 _________ .. _.. __ ~___ 2 
2.51-3.00 ___ . _ .... _________ 73 5..')1-6.00__________________ 1 
3.01-3.50 __________________ 102 Mefiu=2.8li. 

The rubber content of individual plants growing in the sume 
locality WfiS found to difl'er considerably (table 2). \"\11('1'e series of 
analyses were compn.rable, as of plnnts from Bard und Onsis, Cnli!'., 
in .Janun.ry 1925, and from Dome und IVIesu., Aril'.., in Fcbl'llal'Y 1925, 
it aPPClll'ed that some of the groups might have a highrr rubb('l' con
tent than others. 1fany other determiu!ltions of l'ubbel' content 
were made on individual plnnts fl'om these and othcr loculities from 
1924 to 1032, n.nd with a few exceptions the majority of the ullnlyses 
fell within the runges shown in tlthle 2. 

To obtain furthel' information regarding the nature of these difi'er
ences, two series of sn.mples were taken i'l'om two large plants, and 
duplicate analyses were mnde of each sample (table 3). The rubber 
content of the samplcs ranged f'l'om3.05 to 3.94 percent. The greatest 
difference between the duplicate I1nulyscs wus thnt between 3.35 and 
3.42 percent, so that the error in su.mpling appcnl'S to be several times 
us greut as the errol' in anulysis. As ench plflnt 11sually consists of 

http:f'l'om3.05
http:3.01-3.50
http:2.51-3.00
http:5.01-5.50
http:2.01-~2.50
http:4.51-5.00
http:1.51-2.00
http:4.01��4.50
http:1.01-1.50
http:3.51-4.00
http:0.50-1.00
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150 to 200 stems, each of the 6-stem samples 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 mnge of differcnccs 1lI110ng Ghe wild plants 
shown III table 2. 

'l'ABbB 2.-Ruli/!Cr in wild 1)/anis .from different localities 

Slate IIml IOCOllity I Plants Ir~~~::ci~n. 
tent ________________________________i______________ . 

Arizona: I -I~ Pacent 
Dome._ •••••_....... _.••••.••.•••_••. __ ............ ' l~cbrunrJ' 1025--••• - ..... !O 0.62-2.48 

Mesa...._....................- .................... 1' ..... <10 ......... __ .•----.. 12 1. 33-3. 45 

Parker.____...... __................................ AprIl1U2i..... .........1 8 1.08-3.80 

Superior................ _ ................... September l!I2L........! 0 1. 75-4.29 

SentineL ........................................... Septemher 102" ......... i 10 2.24-1.50 


~~:~l~~:::::::::::::::. :::.. : . .-::: :::..:::.:..' ~~~~~i~~n27:::·:::::::' 19 J: ~=5j~ 
Call~~~\~~ ... __ ... __ ............... _., ..... IJnnunry 1925......... j 10 1. 51H. 40 


Oasis............................................ 1_••• _<10......_........... 8 1. 57-3. 67 

Holtville........... .......... .... ....... Jnnunry 103L........ '. 10 2.03-1.29 


Sonora,1vlexico: 
El Doctor...... .. Aprlll03L. ......... ,. 10 2.05-3.85 

Snn l.uls.... . Murch ]!J2L .. . 1.01-5.003·'

Do. Jllnllnry HJ20 ...... __ 20 J. 75-1. 14 
..~ .....-----.-~--.------

TABbE 3.-DlLflUca.te 'rubber deicnl/.i'/l.alio1!.~ o.f sa.1/I71lc\~ .from 2 ..'1.~clc71ias subulaia 
1)lanl'~J and 'mean j'uli/wr percentaye a.nd mnyc for each 1)/(1.11./ 

Huhber content 

i Plllnl.1 .Plunt ~ 
Sumple number ·IlldlVi<JU~:'" Indl\'ldunl Ii 

determi· :II enn determl· .1.reunI
I nation nntion 

f Percent [Pace'llt Percent J:>ercent
1._.___.._......... __ ._................_.._....... , 3 . .10 I} 3 1\0 ' 3.07 

1.••.. _•••... __ ._. 3.50 I '" 3.60 3.63 
2........._ ......... ""'" .................... 3.65 ,} :l.fl2 3.57 } 
 3.57 

3.. ... ...... 3. i3 i} 3. i:l a.80 1 
2....... _.... ___ .... .•. 3.00' ,1.0/ 


3.79 

t::::...... ..I n~li} 3.70 *:b~l 3.054....... '" __ .__ 3.68 3.03 {


L::::::::::::' '.. ............ ~Jg I} ~:fb } 3. i3
3.80 
6................................. "'"'' 3.45 \ 'J 45 3.35 } 3.386........... ............. 3.45 , •. 3.42 

7...................... .. .......... ____ I 3.05} :1.0.1 3.77 } 3.70 


~::::::::.::::.:::::::::: .. -:::::::::::::::::.:j ~:~ I} 3.56 Ug } 3.84 
8.. ..................... •• ..._, 3.551 3.1<5\ 


}lIenn. ............. . .. ... I .... __ ..... 1:":1.-00-:1:-10-.-00-'7+----.-...-.. :"'3-.5-0:1:-1-0.-09-3 


Hange. _". 3.45-:1.1).1 3.0,>;-3.84 

1 Standard error. 

PROPAGATION AND CULTURAL METHODS 

Numerous unsuccessful attempts were mltde to propagate the plants 
vegetatively by cuttings and root-crown divisions and by budding. 
However, no difficulty was encountered in germinating the seed or in 
tmnsplanting seedlings, and several large plants were successfully 
tl'!1nsplanted. All of the c).-perimental plantings were made from 
selected seed. 

http:3.0,>;-3.84
http:1)/(1.11
http:3.-DlLflUca.te
http:1.01-5.00
http:2.05-3.85
http:2.03-1.29
http:2.24-1.50
http:1.08-3.80
http:0.62-2.48
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The wild plants were marked when sampled and later seed from 
high rubber-yielding individual plants were collected sepamtely and 
planted as selections. Also geneml plantings were made of seeds 
from grou:ps of plants all of which heLd a high percentage of rubber. 

The indIvidual selections were started in small tar-paper pots and 
transplanted to the field when 6 to 8 inches tall. Till,) geneml plant
ings were made with a small haud plnntet·, nt the rn.te of nbout 2 
pounds of seed to the acre, in rows spaced 3 feet npal't in p1'eirl'igated 
seed beds. When the seedlings reached a height of npproximately 
6 inches they were thinned to fl, distance of nbout 3 feet ill the rows. 
Other spacings al'e being tried ill order to determine the optimum 
condition of growth. 

The seed beds were irrigated as soon fiS necessary after plantin&" 
and dUJ'ing the first 2 ycnJ's the plantings Wel'e cultivated and il'l'l
gated in the spring and again in the S1I1HlllCI·. Aftm' tlllLt time the 
plants usunlly were lnrge enough to ovcrllLp in the rows und further 
cultivation was not feasible 01' IH.'~essary, but irrigation was applied 
as needed. 

Under fu,vomble conditions the seed ger1l1iniLted within 7 or 8 
days and the seedlings 1l111de mpid growth, developing from a single 
stem to a mnny-stalked plant durlllg tho first yoar. Seedlings when 
1 month old averaged 2}~ inches in height and had 5 puirs of true 
leaves. Yeur-old plants under field conditions fl,vernO'ed 33.9 inches 
in height u.nd5 inches in circumference u.t the buse and had 65 stems; 
2-yeal'-0Id plants averuged 39.7 lllChes in height and 10.7 inches in 
circumference at the base and lwd 121 stems; 3-year-old plnnts 
averaged 46.2 inches in height and 11.8 inches III cil'Cumfel'ence at 
the base lInd had J49 stems. 

Flowers and pods u,re developed dlll'ing the first year, nnd there
after, especially with plants il'l'igated in the spring, there nre two 
definite flowering periods, the first d U1'ing Mlty and June nncI the 
second in September. Ivfost of tho pods from tho fil'st flowering 
period are mature when. the se('ond period stnrts. During the 
second period only 11 few flowers nre ]Jrouu('ed and the pods scldum 
reach maturity on account of cold weather. 

RUBBER CONTENT IN RELA'fI()N TO GROWTH, FRUITiNG, AND 
DORMANCY 

Plants of AscZllpias s'U,bula.ia. under normnl conditions produce vege
tative growth nnd fruit dming tho spring lind summel' und ure dormant 
during tho full and winter. Dntn, collected from fl, few individunl 
plants indicated thnt th0J'0 wus a tendeney 1'0[, tho porcentage of 
ru b bel' to fluctuate with such clll1ngos in the pl:m t ll.etivity, and S(,v{WII.l 

experiments wore conducted. J'j'om 1024 to 1932, to providc infol'
illation on this POlllt. 

In one of these cxperiments J tJ plnnts growing on the st,ation WOI'C 
sampled und unn.lyzed every 3 months from Jnnunry 1927 to October 
1930. At tho time of the first llllalysis the plllnts wel'o nbout 2}~ 
years old, hfLving been plfLnted July 7, 1024, and tho spaclllg wus 
approximntely 3 by 3 feot. Tho pint wus i1'l'ign,tcd nnd cultivated 
at about 4..;month intel'vnls during the fil'st 2 years, nncI once each 
spring thereafter. The results of theso analyses are givon in tnble 4. 

http:s'U,bula.ia


TABLE 4.-Individual -percentages and range of rubber of 15 Asclepias subulala plants sampled and analyzed at 3-month intervals from 
January 1927 to October 1980 

~ 
0; 

Percentage or rubber1° 
I 

'" '" Plant no. 1927 1928 192<J 1930 


'" 
I 


~lIIlU-I'~I:~~ I-~J-UI" i octo-I Jann- April' July AP~;;-~I·:--I Octo- .Jonu-I ' ! 0 ~ I RangeOcto- Junu
ury' > ,ber ary ber ury . ber ury "tpril July' cto-I ber . ,--_._----.---,--- --- ---- ---'-_ .. _-,--- ---, ~- ---~--:---I----
2. ~>u 11.S1 11.82 i 2. fj2 2.31 2.30 12.06 2.~i 2.78; 1 L72 11.01 1.45 I I. 10 11.15 11.34 ! 2.39 1.04-2.78~::::::::-.--.~ ....-.. -~- .---~~- 2.:15 11.70 'J-. 6-1,,, 2.8{j 2.85 :1.0·1 12.00 :1.11 1.85' I I.r.t 1.80 1. i6 1.80 11.9·1 2.20 ' 2.·17 1.51-3.143 ____ •••• _•• ___ ... ____ . __ •• _•• __ 1. 7-1 1 1.75 2. Hi 1.9·( 2.22 II.IB 11.82 2.~ 2.11 1 2.14 11.3,1 I 1.5.5 1.41 11.20 '1.60 j 2.11 1.20-2.45 ~ 4. _____ ...... __ ; ._ ..... '" 1.89 11.70 I 1.83 , .) 25 2.11 12.19 2.:l!i 2~ 2.70 [ 1 1.83 ; 2.22 .1.98 I 1.41 11.50 2.42 2.31 1.41-2.70 tr-j

5~_~ __ .... _.~ _._._. 1.82 11.+1 12.01 , 2:32 2.:10 11.92 2.36 2H :tOO 1 I.n5 : '1.05 t. 74 1.. 0j 11.13 1.95 1.05-3.090. ___ ._..... • •.. .. ...... .. 2.70 J lUg!2.5-1 12.16 a.35 2.07 12.50 12.66 ~~ 2.82 i 1 2. 31 ! 3.00 2.35 11.74 12.42 :1.70 1.74-3.76 t:j
3.40 12.17 3.211 4..58 .L2..i 1:1.01 4.21 I ~m 3.30 I 12.09, 3. I}! '2.30 11.7S 2.50 2.50 I 3.09 1. 78-5. 01 tr-j
2.59 I 1.59 I 1.65 : ~ 17 2.2·1 11.85 12. 01 ~ 250 2.25 11.90 i 11.36 1. 76 11.28 11.39 2.05 2. 80 1.28-2.80 r:Jl 
2.50 11.59 !!.. 25 2.31 2.31i I 1.74 2~ 2.·17 '..____ ._ 	 tr-j11.5S 2.30 11.57 11.51 2.8.3 1.51-2.832.96 12.50 12.41 ,~:85 i 	 2.5513.55 3.DO 12.05 ~n 2.3·1 2.30 12.00 11.00 11.35 11.89 2.29 2.51 1.35-4.75mm~~~;~:~~~: ~:: ~~: ~~~:~~~ ~~ 1. 70 11.70 2.69 

I 

.) sa 2.96 11 • .iIi 11.87 2.~ 2. II 3.50 11.40 2.0.=) II.IS 11.12 I 2.2; 2.-J2 1.12-a.50 ~ 
I.SS 11.69 11.67 2:40 2 17 12.:10 3.37 aw 2.40 2.15 11.32 1.99 11.28 2.00 • 3.31 1.28-:1.59g::::::::::::::::::::::::::::: 2.85 2.48 2.83 12.21 2.55 aa 1.93 2.40 11.42 2.31 I I. 22 :{:¥; ! 2.00 I 3.10 I. 22-3.82 ~2.10 I 1.74 

:1.I!J 12.56 12.42 3.40 a.52 13.38 ....
13.07 ~n 2.R6 2.42 '1.8\ 2.02 11.55" ~~:::::::::::::::::::::::'.:. :1 	 2.00 ! 2.01 ! 2.77 1.55-3.75 t<2.12 12.25 12.17 2.41 3.2-1 12.15 12.03 2m 1.65 11.53 11.19 1.93 11.18 11.641 1.86 2.85 1.18-3.24 - -. 	 ~ ~~ <-----~~ 

1 PlanL producing vegetntive growtb or llowers nnd l,ods when sampled. 	 t:;j 
tr-j 
t:j 

tCI 
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J 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. Witih such variation 
in the time of plant activity, differences in the rubber content are 
not equally significant at eneh date of analysis. However, when the 
rubber content of the individual plants during the periods of plant 
nctivity is compnred with nnalyses representing dormant periods! dif
ferences in favor of the dormant periods are shown by all the pants 
(table 5). Also, it will be seen that the minimuml'ubber content of each 
plant was recorded during II. period of plant activity and that the max
imum wus recorded during It dormunt period. The fuct thut ull 15 
plantshad a higher rubber content during the dormant period definitely 
indicates that the rubber content is affected by the physicnl condition 
of the plunt. 

TABLE 5.-Mean rubber percentaGe 0/ .~amples 0/ 15 Asclepias s1lbulata plant.~ 
during periods 0/ plfLnt activity and dormancy from January 1927 to October 1980 

Menn rubbor per Mean Ii Menn rubber per- l\Jenn 
contage during po dilTer centnge during po- dilTer
riods 0(- once ill riods 0(- ence in Pinnt no. 	 Pinnt no.I rubber I__--;-__.~ rubber 

percent- : percent-
Activity Dormllncy ago ' Activity Dormancy nge 

:j
1_. _____ .._______•
2.________________ 1.02 2.29 	 2.47 0.87 
3____ •___________ _ 1.94 2.40 0: ~~ i ?o::::::::::::::::: ~: ~g .82 

1..,9 	 2.03 2.51 1.03••15 12________________ ' 1. 66 

6~:..:::::::::::::::: 2.2:1 2.58 
.44111----------------' 

3.07 

1. 74 	 2.29 1.48 2.53 .87 
1.56 	 .91 
2. :ll 	 2.60 :~b 1~::::::::::::::::1 ~: ~~ 2.80 .347_________________ 	 1. 2:1 I 15________________ ' J.772.39 	 a.62 2.37 .608________________ _ 
1. 63 	 2.29 .61l 1---1' Menn ______; 1. 84 2.56 .72 

i I 

The responsiveness of .Asclepias subulaia plants to fuvol'llble 
climatic conditions wns clearly show!} during the ,vinter of 1929-30. 
During August nnd September of 1929 the rninfallamounted to 3.38 
inches, which wns three times the normnl rainfall for these months. 
TIllS additionnl moisture nnd the mild winter thnt followed brought 
nbout un uctive vegetutive condition of the plnnts, and new growth 
wns produced by 3 plnnts in Oetober 1929 and by 12 plants in Janunry 
1930. This period of pInat nctivity wns, no doubt, responsible for 
the compal'l1tivcly low percentage of rubber recorded during these 
months. 

Another series of comparisons for learning e£rects of plant nctivity 
on the rubber content was conducted with five wild plnnts in the 
vicinity of Mesa, Ariz. This wus mnde possible through the cooper
ation of Evens BJewett, of 1"losn, und of Hll1Tey Nt Hullnnd Fl'I1nces 
Long, of the Cnl'l1egie Institution. The plnnts selected were sumpled 
bv Mr. BJewett ubout the first of onch month, from Februllry to 
August 1927 nndng'nin in December 1927. The samples were divided 
into two sections, ]'epresenting, respectively, the apicul and the bllSlll 
portions of the stems. Dr. Long made the Tubber detcrminutions 
for February lind :Mal'chJ bllt WitS ullllhle to continue, uud thereafter 
the analyses were mftde ut Bm·d. The range and mean percentage of 
rubber for the apical and baslll portions of the five plants analyzed 
.each month is given in tnble 6. 
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TABLE 6.-Range and mean percentage of rubber, during periods of plant activity 
and dormancy from February to December 1927, for the apical and basal portions 
of 5 wild Asclepl:as subulata plants growing near lvIesa, Ariz. 

Percentage oC rubber for-

Month Condition of plants Apical portion Basal portion 

Range Menn Range : lIfean 
i 

2.04-1.51 3.31 1. 01-3. 24 2.03 
1. 97-5. 90 3.89 1.28-3.00 2.18 
1.42-3.30 2.10 .02-1.50 .99 
.96-3.18 2.13 .52-1.49 .87 

1.56-3.40 2.34 .70-1. 32 1. 01 
1. 06-3. 92 2.01 .50-1. 62 1.05 
2.36-1.21 I 3.0\1 1.12-2.01 1.72 

While no definite records were made regarding the condition of the 
plants when sampled, the stems received from Mr. Blewett indicated 
that they followed the usual growth cycle. The stems collected in 
lvIay and June bore a few flowers and pods, and the July samples 
had a few mature pods on the stems, indicating that the plants were 
active 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 active 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 difference of 0.79 percent in favor of the dormant period. 

The consistently lligher percentage of rubber in the apical portion 
of the stems is due to the fact t!lat tIllS portion of the plant has less 
woody fiber, willch contains very little mbber, wIllIe a much greater 
percentage of rubber is found in the bark. Samples analyzed in 1929 
showed that the bark l'epl'Csented 52.8 percent of the dry 'vei~ht of the 
apical portion of the stems nnd 37.4 percent of the basal pOl'tlOn. For 
the entire sample the l'llbbel' 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 pl'Ovious experi
ment, although the plants were grown undel' different climatic and 
environmental conditions. Othel' data, collected from both wild and 
cultivated plants, showed the same tendency. 

DATA ON SUCCESSIVE CROPS 

The ability of A8clepia8 81lbulata plants to produce new stems from 
the root crown after the tops hn.ve been cut or destroyed suggests 
the possibility of obtaining s1lccessive crops from the same "root 
stocks. The intel'vals between cuttings would depend on the amount 
of new growth and the time required for such growth to develop a 
sufficient amount of mbbCI·. '1'0 obtain some information of this 
nature, several experiments were undertaken, and while the results 
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are not conclusive, some information was obtained on the rate of 
growth and production of new stems and on the rate of increase in the 
rubber content oisuch growth. 

Under cultivation on the Bard station, .Asclepias subulata plants 
reach their full size in 3 years and attain their maximum j'u'Ober 
content in about 4 yeurs. The rubber content showed a constant 
increase during the first 4 years, after which it appeared to fluctuate 
within a narrow margin. The low rubber content of the 5-yea.r-old 
plants probably was due to the production of new growth when the 
majority of these plants were sampled. The frequency distribution 
and mean percentage of rubber of plants from 1 to 7 veal'S old are 
recorded in table 7. • 

TADLE 7.-Frequency distribution and 1r;Can IJC1'centagc of rubber of cultivated 
Asclepias 8ubulata 1)lU1tt3, 1 to 7 years old 

Number 01 plnnts showing indicnt.ed pcrcentnge 01 rubber 
)\fetlnAgeo[ 

percent·
&lnnts 0.00 to 0.51 to 1.01 to 1.51 to 2.01 to 2.51 to 3.01 to a.5\ to 0\.01 to 4.5i to n~e 01yenrs) 0.50 1.00 I.W 2.00 2.50 3. 00 3.50 4. 00 .J, 50 S.OO rubber 

L ...•.... 73 03 32 19 5 0 0 0 0 a 0.78 
2••••••••• :I :19 is 93 7.j 21 4 0 0 0 1.72 
3••••••••• 0 0 21 84 75 52 18 5 2 0 2.22 
4••••••••• 0 2 9 43 52 36 17 II 2 3 2.49a_________ 0 a 24 , 3·\ 22 5 4 0 0 0 1.89 
6••••••_•• 0 0 6 13 6 2 2 0 0 2.42
i __ .. __ ....__ 0 1 16 17 26 13 0 1 I 2.52~ I 

I 

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 l'l1te of growth anu the increase 
in rubber content of the new growth. The experiment begun in 1926 
consisted of 12 plants plnnted in July 1924 and referred to as 2-yeal'
old plants, and 12 plants planted in April 1923 find refen-cd to as 
3-year-old plants. TIU'ee plants from each planting were cut off 
within a few inC1Pl; of the ground during January, April, July, aud 
October (fig. 3). 

The subsequent growth of the plants that were 1at'vested in October 
was killed by cold weather in December. The height, numbet, of 
stems, rubber content, and data for the subsequent growth of the 
other plants when 1 and 2 years old nre shown in tnble 8. 

TABLE 8.-111eali height, nwmber of stems, and rubber percentage of plants of 
Asclepia.~ 8ubulatn 2 and 3 years old when harvested, and of the new growth 1 and 
2 years later • 

2·yenr·old pinnts 3·yenr-old ]llnntsI
l\lonth nnd yenr hnrvested nnd ngc 01 

stems Rubber Rubberlieight Stems Height Stemsconlent content 

Iucl/es Number Percent Inches J.Vuwber Percent 
Jnnunry 1026 (2 yenrs) ••••••••••••••••••••• 35.0 68 2.08 ·10.6 288 1.98 
J nnunry 1027 (new growth nt ngo 011 yenr). 40.7 189 1.15 39.7 502 1.48 
Janunry 1928 (new growth ntngeol2 yeurs). 138.1 li3 2.58 133.3 586 2.31 
April 1026 (2 years) _••••••••••••••••____••• 33.0 il 2.66 42.0 162 2.85 
April 1927 fnew growth atnge 01 1 yenrl"" 41.0 155 1.40 34.0 252 1.22 
AprllJ928 nowgl'Ol\'thatageo[2ycnrs _... 41.6 158 1.93 34.6 256 2.07 
July 1920 (2 years) ......................._. 40.0 Hi 2.00 51.3 252 2.24 
July 1927 ~new growth nlnge 01 1yenr) ••••• 17.5 123 1.64 24.0 271 1.11 
July J028 new growth ntnge of 2 yenrs) •••• 23••~ 133 1. 70 24.0 270 1.30 

I Tips 01 stl ';;' kliled by frost. 

http:indicnt.ed


~-~-'·1 .'.] 
-'f".' I'! 

.., I .·I~ '··1' 

1 I 
. 

-} ! 
t1 
t;j 

g}
:g 
is:.... 

9 
t;j 
t1 
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Ratooning resulted, in the case of plants harvested in January 
and April, in a marked increase in the number of stems, which in a 
year's time were as tall as the orjginal plants (fig. 4). Although 
the 3-year-old plants had many mOl'e stems, the increase due to 
ratooning is in nearly th') same ratio as for the 2-year-old plants. 
No increase 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. WIllie the tubber content of the April
harvested plants increased steadily, it did not attain the percentage 
of the origmal stems. 

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

FIGURE ·I.-New growth of A ••c/ellius subulala plant (A) 6 and (B) 12 months after plant (figure 3, A) 
was cut bock. 

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 ratIO as in the other dates of 
harvesting. 

An experiment was begun in January 1927 with SLxty 4-year-old 
station plants and 20 wild plants from the Yuma mesa. These plants 
were divided jnto four groups, each group consisting of 15 station 
plants and 5 wild plants, harvested during January, April, July, and 
October. For 4 consecutive years the I?-ean height, number of stems, 
and percentage of rubber were determmed. for e,ach group of plants 
when harvested and for the new growth. These data are given in 
tablo 9. 
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TABLE 9:-Meatt height, nu,mber oj'stems, and rubber content oj 15 cultivated plant8 
oj Asclepias IIIl/mla/a, harvested 'When 4- years old, and 0/5 'Wild plants Jrom the 
Yuma, mesa, harvested on the same dale~, a:nd of S/wt1lles 0/ the new growth collected 
each year 

IStation plnnts Wild plants , i__-:--_-,--__ 
l'>Ionthand yearhnrvestod nnd ngoofslem~ I 

Hoight Stoms Ruhber Height Stoms Huhber 
, contont 'content 

-------------- lucile.' '-;:;:;;;;1--;::;;:::- "Vu.mbcrNII,mbcr Perceut 
Jnnllnr~' 1927 (4 yonrs) •••••••.•.•.•••••••.. ' 41. 7 lao 2.18 46.0 121 2.87 
Janullr;'1028 (new growth ut ngo of I year).: 27. a 261 1. 8a 35.5 316 2.05 
JnnU!lryl02!)~neWgrowthntngeOf2;.earsl. 28 I '07 'J 5', :170 206 401 
Januaryl930 nCWllrowthlltngeofayollrs fil;3 2:H I i:"i 37;0 :110 13:06 
Jnnuury1931 new growt.h at ngooC4 yearsl, 52.8 230 1.00 43.0 :1I" 3.00 
April 11)27 14 ycllrs)........................ :17.0 iii 1 I. 07 '10.0 i:l 12. f,2 
April1028 nowgrowthutngooflyellr)... 28.2 00 1.581 34.2 10" 1.30 
April1920 new growt.h ut ngo oC 2 yenrs).. 28. (\ 00 2.40 '10.0 173 1 1.70 
Aprlll0aO (nC\v growth nt. ago of:l yeurs).. 4fl.7 107 1 I. 85 fli. 0 1·\0 12. ii 
Aprilln31 (new growth Ilt ngo of -I yours).. ·1(1.4 U9 2.57 ! r,I.0 137 12.55 
July 1027 [4 your8) ••••••••. , •."........... ·12.0 H 12.49 i 48.4 91 12.68 
JIII,1028 nowgrowthntu~ooflyenr),... 25. a lao l.a7: 20.0 227 1.5a 
Julyl020 ncwllrow!.llntugeo[2ycurs)... ao.o 100 11.77i :12.0 170 12.17 
July 1\130 now growlh ut IIge of. a yoursl'" 48.:l 140 I 1. S7 I 44.0 100 12.44 

~~rol~~~\!I~~(4~~gl:~~l'~1.t.~~~.0~:I.~.~~~~.~~: 3::: ~ n~ :~: gg 11 '34:2' ""74" :1. 02 
October ]028 (new growth nt ul(o of I yenr). 21. 7 i!I 2. au 

... 

27.7 55 a.84 
October 10211 ~now growLh tlt II!!C of2 yenrs) 41.0 101 1 2.72 28.0 00 a.45 
Octoberl030 neWb'TOwthnLngoor:lycnrs). ·10.0 101 12.80 :1I1.0 85 12.53 

Ocl~~cr.~!l:\I_ne\~ gl'owt~ Ilttl:~[)f..~:~~rs). ~__~..~~~OL:'~ ~~.~ "~:'.~.~=== 
1 rlltnlsnowl~rlngtlnd prollneing pods. 

These pln.nt-s, with the exception of the October harvest, also 
showed nn average increilse in the number of stems, due to l'atooning, 
although the rate of growth "'OS somewhat slower thnn tbll.t of the 
plants l'lLtooned in 1H26. 'rile new growth for each period of harvest
ing had pmcticully ren.ehed its llltt:d.l1l1nu size ancll1umbel' of stems at 
the end of the third. yenr, and in most cnses the plunts were larger than 
when harvested. October is apPl1l'ently too lnte in the senson to 
harvest. In 1926 all Octobel'-lHLI'vestecl pbnts died, and in the 1927 
experiment the mtooning process reduced the number of stems for a 
3-yenr period. The rubber con ten t in the new growth fluctuated con
sidembly during the 4 yenl's, due no doubt to the error of snl11pling 
and to the climatic conditions encountered during the different years. 

The results of these two experiments indicnte thnt the cultiva,ted 
plnnts reach their maximum size nnd rubber content nbout 3 or 4 
yeal's niter plnllting and that the new growth produced by wild nnd 
cultivated phmts after mtooning reaehes its mn.ximum si;.:e nncL rubber 
content in about the salne period. Therefore, the lllnximul11 yield of 
rubber could be expected from plants nbout 3 yenrs old fiud harvested 
during n dormant period, with successive crops nt npproxilU11tely 
3-year in tel'vnJs. 

EFFECT OF SPACING ON PLANT DEVELOPMENT AND RUBBER 

CONTENT 


Plnnt mensurements and rubber determintttiolls were mnde for 
several different spneings between plants in the rows as well ns for a 
sUlull brondcust tll'eu.. The small broadcast plnnting wus mnde in 
April 1923, nnd 70 plants were harvested and weighed in Jnnuary 
1926 from nn ttren of 143 squnre feet. 'rhe men.n dry weight pel' 
plnnt was 0.72 pound nud the menn rubber content 1.99 percent. At 
this rn.te, an ncre yield of 18,327 pounds of dry plant material, or 
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iJ65 pounds of rubber, might be calculated. Though comparisons 
l,rith yields of plants in wider spncings were not mude ut this time, the 
results obtained from this sll1nllltrea would uffo['a It slight illdicu,tion 
of yields of .rubber that might be obtuined on a scale of commercinl 
production. 

A bulk planting in April 1927 consisted of 10 rows 37~ feet apnrt and 
165 feet long, The seed was planted at the ru,te of 2 pounds to the ncre 
in beds previollsly irrigated and harrowed, nnd a good stand WHS ob
tained. Five of the rows were thinned to 1 plnnt evcry 2 feet u,nd the 
other 5 left unthinned, A section of the unthilllH.'d Ilnd 2-foot spuced 
plants, npproximntely 1 yenr after planting, is shown in figure 5, 

In Mny 1928, when tho plants wero nbout 1 yenr old, n section 
12 feet long WtlS hnrvested across the 10 )'t)WS, :md tho height, number 
of stems, dry weight, I1lld I'll bb('1' cOlltt'nt of the pll1nt.s 1'o(;oI:([('d. The 
individuHl 2-foot spnced plants W0!'C ),Ill'g('[' ill all1'(,s}H'('/,s nnd hud fi 
slightly higher rubber eontenti than the lI11thinnN[ plants, but the 
total yield of dry plu,nt mn,kl'inl from the hu.['v('sted area of lin thinned 
plfints was more thnn twice us great ns that from the 2-foot spacing, 
and the yield of rubb('r wns 1.82 timcs ItS great., 'rhcso d!ttn. indicn,ted 
fin acre l'ubbel' yield of 70.G3 pounds for the lInthinflcd rows nnd 
37.75 pounds for the plants spnc('d 2 feet apnrt in the ro,..-s, 

On April 3, 1928, another planting wns mudc with. rows spaced 1, 
2, 3, and 4 feet Il,part. A good stand was obtnined nnu 011 J'lI11e 25 
the plot was divided in t.o t",o sections i the pla1l ts ill one section were 
thinned to 1 plant every 3 fel't in th(~ rows, with the except.ion of the 
I-foot rows, which were left· unthinnecl in both sections, 

A 20-foot seetion WIlS IHlrV('stcd :1('1:0SS the 1'owS of both sections in 
November 1929, and the menn size and rubber eontcnt of the plants 
was determined {or onch 1'0\\' spneing of tl)(~ lInthinncd and thinned 
sections. The indivirlunl plnnts of the thinncd rows of nil of the row 
spacings were Ja['gel' in nil ]'espects thnn those of the unthinned rows. 
However, the 1:U'ger numbcr of plants in 1I1lthinned rows 1110re than 
balanced this increase in plnnt size, as the lInthinned rows produced 
more plant material in each. com pnl'iSOll with the thinned rows 
(table 10). 

TABLE lO.-Percenta(Jc oj rubber 1:,. dry 11la'll/, 'ilia/erial, aud Ihc computed acre 
yields oj dry 1)lall/. lIIaicrlalltlld rubber Jor 1)l(/l1i,~ and roU's oj ciijJercll/ S7Jllci1t(J 

~ • .~ _. _..•..  ~.+.  . 

SPlice be ) Sl~;~~c~:~
tween rO\\"$ pinl1lS 

I 

Hubber 
('outent, or 
dr)' plllllL
lllIHt.-riul 

COIIIPuted 
nerc '~i(lld of 

dry"plunL 
Juott~rhll 

COlllpllted 
Hem vleltl 
or fu"hhl'f 

p,,(t 
1 
2 

Fut 
(I) 
(I) 

Pt'Ttt'llt 
4) ')[, 

~i3 

PO'l/hiS 
212 
1:10 

2 :l 2. Z~ III 
3 (I) 2.41 111(1 
:I 3 ~.a; ~

" 4 
,I 

(I) 
:l 

.1 !J7 
!!.Ol 
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The results of these exp<'['illlcnts jndiC'nl;{' thll t, nIthough tho indi
vidual plnnts arc reduced in size 11I1d ,w·igh t;, lurger yields of ru bber 
could be expected from closely spnred pitlllts Ilnd thnt the cost of 
cultivation would be reduced, IlS very few weeds grow in the eloRely 
spaced rows. 
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FIGUItE 5.-A, Section or unthinncd rows or ~hclepi"., .,,,bllia/a plnnts; B, section or rows with plants spaced 
~ reet apur!. 
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BREEDING WORK 

The pollination of Asclepias SUb1Jlata is rat,her eomplex, and for 
that rellson the breeding and mnintaining of desirable stmins is very 
difficult. It is reported that the flowel's of Asclepia8 nre infcrtifc 
not only to their own pollen but nlso to that dCl'lved from plllnts 
raised vegetatively from the snme stoc.1\: (7). Sevcl'IIl unsuccessful 
attempts were made to secure self-pollinnted seed from high Tubhel'
yielding plants find to propngnte such plnnts by cuttings, by divi
sions of the root crown, lind by budding. 

The :flowers of this species are especinlly ncinpt('d to eross-pollina
tion by insects, as the pollen is found 011 special organs, the pollillia, 
five in enchflower, which nTe locn ted ill stigmn,tic ehnmbers thn t aIteJ'
nnte with fleshy pctnloid nppendnges. En('h oj' thpse ('hambcrs hus 
a narrow slit into which the dfiW of fi visiting ins('('t mny slip. ~o 
t:hat pollinifi are'lifted out on the e1n.ws of the ins('ds nnd cluTicd to 
the stigmllt,ic chfimbers of ot;lwr flowers, thus dred,ing pollination. 

Severn! hybrid pods WNe obtnined by 11nncl- find insed,-controlled 
poliinn.tion. These opemtions, hO\\'(,H\I', n.re n~J'y lIneertain nnd t<.'{\i
ous; and the 'dability of the seNl wns yery low. Only a few seedlings 
were obtnined nnd thcse, unfol'tunn,tely, did not fHll'\'ive whcn tl'llllS
pIfin ted t.o the :field. 

In cross-pollinating b:v hand, n, long slendOl' needlo wi th IL smltll 
hook on the point was 1ISt'Cl. Tho needle wns slipprd into the slit, 
115 in the cnse of the inseC't ('ltLw, and gently c1mwn lIpwtlwl, Plilling 
the hook nnd pollinium out, and 11 forcign pollinium wns introduecd. 
The controlled Cl'ObSeS hy illscds w{'re ohtnir1('d by plll('ing- It 16-n1('8h 
screen c.~I~e over two pllLllts of difl'er'pnt Mruim;. ,Vhen tlll'sC plnnts 
began to flower', sevomllar'p'e wasps, PeJ18i8fo7'mo,~([ (Sn:y), ('ommonly 
called tnmntulfi 11l1.wk, which apparently do most of the pollinn,ting 
of the native milkweeds, WNe plllc('d in the ('nge. Thcse wnsps were 
cfirefully exnmined to mnke suro that no ]Jollinitt were attached to 
their claws when introduced. 

INSECT PESTS 

Lt~clepi((s 8ubulata nplH':LI'S fo he (·ornpn.ra.ti,'('ly frc(\ JI'OIlt inscet 
pests. Only throe h:we heen obRcrYc(t to injlll'O the. wild 0[' ('tlith'ated 
plnnts. 

A. spce!cs of aphid (Aplds naii. FOIIS('oioilille 0[' ~L 111[(,8(,(,118 

:l\foncll) hilS 1)('('11 fOllnd. 1,0 ('HUSe ('ollsidol'llblc dnlllllg'O to the (Plldcr' 
seedlinJ,;s lind young growth, ~n SOllie il!stlllH'('g killir~g the. s('p~lIillgs. 
These lI1seets usually nppelLr In tho sprll1g nnd rN1l11I1l ulltll Illld:,;uI1l

mel', lind 111'0 as nblll1dant on the wild plants as 011 the C'ultiYllt.P(1. 
They CllIl be sn.tist'llct.orily contl'ollnd with 40 p(>r'('('llt; lli('otine 
sulphnte sprny. . .. 

A sucking insect, the hemipteron Oncopelt1tsjascwtus (Dull.), feeds 
on the pods in the fn.ll. These insects, which colle('t in colonies 011 
the pods, Cfiuse considern.ble dfimage to the seeds. In order to 
ascertain the amount of the dfimllge, n, number of small pods thn,t 
had not been attficked were covered by glfized bfigS, and another 
series of pods, on which the insects were feeding, were tugged. As 
the pods matured they were collected find fi germination test mnde. 
The percentage of -viable seeds from the protected pods was 82.6, 
while only 6 percent of the unprotected seeds germinated. However, 
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as these insects appear in the ltlte SlIlllmer, niter the majority of the 
pods have rnnture~, the dalllllge is not considered of great importance. 

The larva of the monarch or milkweed butterfly, Da.na.?.ls menippe 
(Hbn.), causes some damage to the smo'!l plants for a brief period 
during the summer months. These insects nre not very abundant 
and can be controlled by dusting the plants with lead 1I1'sennte. 

SUMMARY 

The investiga,tions conducted nt the United. States Acclimatization 
Garden near Bard, Calif., 'with Asclepias 81lb1tlata, (one of the desert 
milkweeds) show that hl1lTested plant mn,terial when stored for n 
period of 2 years showed no nppreciable loss in the rubber content, 
but plant materinl when left exposed to the weather niter being har
vested lost practiclllly nil of its rllbhe1' within 90 days. 

In Arizona and Cnlifornill and in SOllom alld Bnju. Cu.lifornin., 
:Me~dcoJ the rubher percentage of the wild plants exnmincd mnged 
frem 0.5 to 6.0 percent, with a mean of 2.86 percent. Seeds selected 
from high-yieldmg wild plants nnd grown under ('ul6vlltion nt Bard 
hud It ma)':imum l'ubbcr content of 5 percent in 3-yenr and 4-yellr 
plunts, the age nt which the plants renched their 11l1l::-.';'mUJ11 size. 

The reslllts of the expet'iments herein reported indicate thllt the 
rubbm' content of the wild and eultivnted plllnts is highest during 
the dormant period, 'which usually occlIrs in the j'nll and ''v';'nter. 

Plants hnrvested in January and April rntooned rnpidly and pro
duced a grefLter number of stems, while those hnrvesied in July 
ratooned slowly. Plnllts hnl'vestecl in October died or reeoyered 
very slowly. New growth and rubber produced by plants 2)6 to 3 
years after l'ntoonil1g often exceeded thlLt of the original plunts. 

Closely spaced plants produced lIlrgel' yirlds of rubber thnn did 
wide-spnced plants. L'nthinned 2-yenr-old plltn ts in rows 1 foot 
apart produced rubber at the rnJe of 212 pounds to the Here, ns eOIll 
lmred with n rate of 71 pounds to tbe !H"rc for plants spneeci 3 feet 
apart in rows 4 fert apart. 

The clevelopmenli of high-yielding strnills through selection is likely 
to prove diHicul t, liS the flo'n~I's lire self-sterile, artificial poUiuatioil 
is a very slow and tedious process, and v('gptntive propagation by 
buds, cuttings, or divisions of the root crown hos not proved fensihl~. 

Only three spoc'ies of insect" hilYC 1>('ell ohs('.I'\"('(1 to injll rc the plun ts 
and pods, The dllJ11nge. ('II USI'(1 hy tltest' (H'sts is eOllljmmti ,relv sligh t 
Hnd control methods hfLYC bem Jilirl)- sllt't'cs::lful. • 
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